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1. INTRODUCTION 
 

Conservation and Management Planning - The Nearshore Strategy 
The Oregon Department of Fish and Wildlife’s (ODFW’s) Marine Resources Program has identified 
opportunities that ODFW and others to augment ongoing conservation and management efforts and 
support the long term sustainability of nearshore resources in Oregon.  The result is the Nearshore 
Strategy.  The information and recommendations contained in the Nearshore Strategy complement, 
rather than supplant, the core functions performed by ODFW and its resource management partners. 
 
The mission of Oregon’s Nearshore Strategy is:  

To promote actions that will conserve ecological functions and nearshore marine 
resources to provide long-term ecological, economic, and social benefits for current and 
future generations of Oregonians. 

 
To achieve this mission, the Nearshore Strategy provides information on nearshore marine fish and 
wildlife and related conservation needs in a broad social and ecological context.  It does not create or 
propose regulations.  The Nearshore Strategy presents recommendations for voluntary actions that can 
contribute to the sustainability of marine resources and ecological functions.  
 
The information and recommendations in the Nearshore Strategy are the result of a collaborative 
process led by ODFW. Members of the public, ocean-related businesses (including fishing), recreational 
interests, conservation groups, government agencies, tribes, universities, and many other sectors 
contributed to the Nearshore Strategy, both during its initial development for publication in 2006 and in 
2015 for the 10-year revision.  The collaborative process has strengthened the Nearshore Strategy and 
provided the opportunity for participants with diverse backgrounds to build relationships while sharing 
their respective visions, values, and concerns for the nearshore environment.  This cooperation between 
the Oregon Department of Fish and Wildlife and the public is essential to the vision guiding the 
Nearshore Strategy:   

 
Oregon’s nearshore marine resources are thriving in a healthy, functioning ecosystem 
due to cooperative efforts and support by current and future generations of Oregonians. 

 

How the Nearshore Strategy Is Used 
One of the most important outcomes of the diverse inputs to the Nearshore Strategy process is the 
identification of a collective set of voluntary conservation and policy priorities that can guide strategic 
investment of time and funding in a manner consistent with public interest.  The Nearshore Strategy is 
intended to facilitate action on priority nearshore issues and areas that are not specifically addressed by 
existing processes.  The Nearshore  Strategy highlights issues that transcend the authority of a single 
management entity or existing regulatory authority.  It suggests how to augment the conservation and 
sustainability of Nearshore resources, so that when opportunity arises, collaborations can quickly 
mobilize to implement these broad strategies.  
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ODFW is an active participant in many management and policy processes --for example, the Pacific 
Fishery Management Council, which develops policy and management for federally managed marine 
fisheries species;and Oregon’s Ocean Policy Advisory Council which is a forum for advancing policies 
related to the state’s three-mile territorial sea. The Nearshore Strategy is not intended to supplant or 
redirect those activities; rather, it will help direct attention and resources to priority areas where they 
can have the most positive impact on nearshore fish and wildlife, their habitats, and the nearshore 
ecosystem as a whole.   
 
For the purposes of this document, “nearshore” is defined as the area from the outer boundary of 
Oregon’s Territorial Sea at 3 nautical miles to the supratidal zone affected by wave spray and overwash 
at extreme high tides on our ocean shoreline, and up into the portions of our estuaries where species 
depend on the saltwater that comes in from the ocean (Figures 1.1a and 1.1b).  Oregon’s nearshore 
environment is home to a vast array of fish, invertebrates, marine mammals, birds, algae, plants, and a 
diversity of other organisms.  This region includes a variety of habitats ranging from open waters dotted 
with islands to submerged high-relief rocky reefs, soft sandy and muddy bottoms, broad expanses of 
sandy beaches interspersed with rocky headlands, mudflats, sloughs and channels in estuaries.  These 
are the species and habitats that are the focus of the Oregon Nearshore Strategy. Each one is an integral 
part of a complex nearshore ecosystem interconnected through food webs, nutrient cycling, habitat 
usage, ocean currents, atmospheric forcing, and a multitude of other biological, physical, chemical, 
geological, and human use factors. 
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Figure 1.1a.. Oregon’s north coast. Oregon’s Nearshore is defined as the area from the outer boundary 
of the territorial sea to the shoreline affected by extreme high tides and up into the estuaries where 
species depend on saltwater from the ocean.  
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Figure1.1b. Oregon’s south coast. Oregon’s Nearshore is defined as the area from the outer boundary 
of the territorial sea to the shoreline affected by extreme high tides and up into the estuaries where 
species depend on saltwater from the ocean. 
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2. NEARSHORE STRATEGY CONTEXT

Oregon’s nearshore fish and wildlife support recreational pursuits, businesses, commerce, and 
ecosystem services.  Their natural bounty and beauty are part of what makes Oregon a great place to 
live, work, and play.  Our understanding of species, habitats and ecosystem functions in Oregon’s marine 
and estuarine waters is rapidly advancing, yet there is still much to be learned. At the same time, we are 
seeing unprecedented demands on these resources and broad stresses such global climate change and 
ocean acidification. The intention of this document is to set forth key areas for action to improve 
sustainability of Oregon’s nearshore resources in the face of these increasing demands.  

As human populations and activities in and around our nearshore environments grow, so do human 
impacts on the fish, wildlife, and habitats found there.  Coastal development, agriculture, fishing, 
boating, dredging, shipping, wastewater disposal, aquaculture, and energy development and 
consumption are just a few nearshore marine resource uses that benefit human communities.  
However, these activities also have the potential to adversely impact the health of our oceans and 
estuaries, and the ecosystem services they provide.  The need for careful, proactive planning and 
management, balancing multiple uses, is clear. 

Growing pressures on marine resources reach beyond Oregon to regional, national, and global scales.  
This trend is sure to continue with future population growth and intensification of human activities.  At 
the same time, there awareness of and interest in ocean conservation issues are growing. High-level 
studies and policy directives, such as the 2003 Pew Oceans Commission report, the 2004 U.S. 
Commission on Ocean Policy report, the 2006 West Coast Governors Alliance on Ocean Health, the 2010 
Final Recommendations of the Interagency Ocean Policy Task Force and the subsequent National Ocean 
Policy Implementation Plan issued by the National Ocean Council in 2013, illustrate the intensifying 
focus on ocean conservation.  There has been broad agreement at national and regional levels on the 
importance of utilizing effective ecosystem-based approaches to managing our oceans and coastal 
resources, raising public awareness of the importance of the marine ecosystem, and ensuring that the 
best available science is used by decision makers to maintain and balance productive ecosystems and 

The Nearshore Strategy uses the concept of sustainability as defined in Oregon law:  “Sustainability means 
using, developing and protecting resources in a manner that enables people to meet current needs and 
provides that future generations can also meet future needs, from the joint perspective of environmental, 
economic and community objectives.”     (ORS 184.421(4)) 

Ecosystem services are the benefits people obtain from ecosystems.  These services can be broken into four 
categories: 

Provisioning services - such as food and product materials; 
Regulating services - that affect climate, floods, disease, wastes, and water quality; 
Cultural services - that provide recreational, aesthetic, and spiritual benefits; and 
Supporting services - such as photosynthesis and nutrient cycling. 

(Millennium Ecosystem Assessment 2005) 
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sustainable economic development. At the local level, community organizations, local governments, 
citizen groups, and non-governmental organizations work to assist with research, conservation, 
management and policy. 

In 2002, the U.S. Fish and Wildlife Service provided nationwide funding and momentum for wildlife 
conservation planning for each U.S. state and territory through the State Wildlife Grants program.  To 
receive future funds, each state and territory is required to develop a State Wildlife Action Plan, to 
undertake a comprehensive review of the Plan at least every 10 years, and to update it as needed.  The 
purpose of State Wildlife Action Plans is to chart a course for conservation by promoting voluntary 
actions that benefit at-risk species and their habitats, and in so doing, reduce the likelihood of future 
federal or state Endangered Species listings. 

The Oregon Department of Fish and Wildlife (ODFW) led the effort to develop Oregon’s State Wildlife 
Action Plan.  This was an ambitious project to synthesize the best available science and knowledge into a 
broad vision and conceptual framework for the long-term conservation of Oregon’s native terrestrial, 
aquatic, and estuarine fish and wildlife, and their habitats.  Oregon developed its Strategy in two parts. 
The Oregon Conservation Strategy, developed by ODFW’s Conservation Program, focuses on species and 
habitats from the ocean shore inland. The Nearshore Strategy, developed by ODFW’s Marine Resources 
Program, is the part of Oregon’s State Wildlife Action Plan that focuses on nearshore marine fish and 
wildlife, their habitats, conservation needs and opportunities.  The Nearshore Strategy also stands on its 
own for readers interested specifically in marine issues. 

Conservation Strategies are living documents designed to be responsive to changing conditions and new 
information. Global climate change was added as a key conservation issue for Oregon in 2012. The 
potential effects of both global climate change and ocean acidification on Oregon’s nearshore ocean 
were examined in supplements to the Nearshore Strategy that are now included here as Appendices A 
through D. The Oregon Conservation Strategy and the Nearshore Strategy underwent a comprehensive 
review in 2014 and 2015. The species, habitats and conservation concerns have been appraised in light 
of emerging issues, insights gained from newly available information, and the responses of wildlife to 
management actions.  Much has been accomplished in the last decade, and the updates in this version 
of the Nearshore Strategy incorporate the new information to ensure that the Nearshore Strategy 
remains relevant in the coming decade. 

Required Elements for State Wildlife Action Plans 
As part of the State Wildlife Grants program, Congress specified eight required elements to be 
addressed in each state's State Wildlife Action Plan.  Congress also directed that the strategies must 
identify and focus on species in greatest need of management attention while addressing the full array 
of wildlife and wildlife-related issues. The eight elements are (with notations on which chapters in this 
document address each element):  

(1)  Distribution and abundance of wildlife, including low and declining populations as the state fish 
and wildlife agency deems appropriate, that are indicative of the diversity and health of the state’s 
wildlife – Chapters 5 and 6 and Appendices E and F;  

(2)  Locations and relative condition of key habitats and community types essential to conservation of 
species identified in (1) - Chapter 6; 
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(3)  Problems which may adversely affect species identified in (1) or their habitats, and priority 
research and survey efforts needed to identify factors which may assist in restoration and 
improved conservation of these species and habitats - Chapters 5, 7, 8, 9 and Appendicies A - D; 

(4)  Conservation actions proposed to conserve the identified species and habitats, and priorities for 
implementing such actions - Chapters 5, 8 and 9; 

(5)  Proposed plans for monitoring species identified in (1) and their habitats, for monitoring the 
effectiveness of the conservation actions proposed in (4), and for adapting these conservation 
actions to respond appropriately to new information or changing conditions – Chapters 9 and 10; 

(6)  Procedures to review the strategy at intervals not to exceed 10 years – Chapters 9 and 10;  
(7)  Plans for coordinating the development, implementation, review, and revision of the plan with 

federal, state, and local agencies and Indian tribes that manage significant land and water areas 
within the state or administer programs that significantly affect the conservation of identified 
species and habitats – Chapters 3 and 9; and 

(8)  Broad public participation - Chapters 3, 9 and 10. 

The Nearshore Strategy - A Broad Approach 
The comprehensive social and ecological perspective found in the Nearshore Strategy mirrors many 
aspects of the developing concept of marine ecosystem-based management.  Ecosystem-based 
management is an integrated approach that considers the entire ecosystem, including humans. Though 
there is consensus on the definition and key elements of marine ecosystem-based management, 
scientists and managers are now facing the challenge of implementing this concept. The scientific and 
regulatory communities currently have limited practical experience implementing this comprehensive 
approach, but efforts to do so are underway. This 2015 revision of the Nearshore Strategy utilizes the 
ecosystem-based management perspective and is designed to help guide its application. 

Marine ecosystem-based management is an integrated approach to management that considers 
the entire ecosystem, including humans.  The goal of ecosystem-based management is to maintain 
an ecosystem in a healthy, productive, and resilient condition so that it may provide the services 
that humans want and need.  Ecosystem-based management differs from most current approaches 
that usually focus on a single species, sector, activity or concern; it considers the cumulative impacts 
of different sectors.  Specifically, ecosystem-based management: 
• emphasizes the protection of ecosystem structure, functioning, and key processes;
• is place-based, focusing on a specific ecosystem and the range of activities affecting it;
• explicitly accounts for the interconnectedness within systems, recognizing the importance of

interactions between many target species or key services and other non-target species;
• acknowledges interconnectedness among systems, such as between air, land and sea; and
• integrates ecological, social, economic, and institutional perspectives, recognizing their strong

interdependences
(Scientific Consensus Statement on Marine Ecosystem-Based Management 2005). 
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Management Framework 
A complex mix of laws, rules, and programs governs the use, conservation, and management of 
Oregon’s marine resources.  Other existing plans may affect the management of nearshore resources. 
Examples include fishery management plans and the Oregon Territorial Sea Plan. Multiple state and 
federal agencies and other public entities implement and enforce regulations for the comprehensive 
management of marine resources (Figure 2.1).  In addition, public agencies, private non-profit 
organizations, volunteer groups, or private citizens undertake non-regulatory or voluntary resource 
conservation and management actions.  State agencies have been established with different 
jurisdictions and authorities for addressing specific public needs.  For example, ODFW is responsible for 
fish and wildlife resources, the Oregon Department of Environmental Quality is responsible for air and 
water quality, and the Department of State Lands is responsible for state-owned lands.  The methods 
and forums for addressing any specific nearshore issue will depend on which state and federal agencies 
are involved. This Strategy is focused on providing recommendations for action within ODFW’s 
jurisdiction.  Statements or recommendations affecting other agencies are intended as guidance to 
those agencies, and are non-binding. 

 Figure 2.1 Agencey programs and authorities for Oregon’s state waters and ocean shores (courtesy 
Oregon Department of Land and Conservation Development. 
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The Oregon Department of Fish and Wildlife  
The Oregon Department of Fish and Wildlife (ODFW) is responsible for managing Oregon’s fish and 
wildlife resources.  ODFW’s mission is “to protect and enhance Oregon’s fish and wildlife and their 
habitats for use and enjoyment by present and future generations.”   

Statutory Authority 
As with all state agencies, legislatively adopted statutes confer ODFW’s authority and jurisdiction 
(www.leg.state.or.us/index.html).  The primary statutes governing ODFW are the Wildlife Code (ORS 
chapters 469 - 501) and the Commercial Fishing Code (ORS chapters 506 – 513).  The Wildlife Code sets 
law for managing the state’s wildlife, which includes mammals, birds, fish, amphibians, reptiles, and 
shellfish.  The Commercial Fishing Code provides law and policy for managing commercial fisheries.    

The Wildlife Code establishes and defines the Oregon Fish and Wildlife Commission, establishes and 
defines the ODFW, sets the overarching wildlife management policy, and defines laws, policies, and 
programs concerning management of Oregon’s wildlife.  The state’s wildlife management policy 
balances the need to prevent serious depletion of any indigenous species with the need to provide the 
optimum recreational and aesthetic benefits for present and future generations of the citizens of this 
state. 

The Commercial Fishing Code establishes jurisdiction over commercial harvest of “food fish”, sets forth a 
food fish management policy, and establishes provisions for commercial fishing licenses, permits, and 
programs.  Food fish include fish, shellfish, and “all other animals living intertidally on the bottom.”  The 
food fish management policy balances the need to maintain all species of food fish at optimum levels 
with the need to provide the optimum economic, commercial, recreational and aesthetic benefits for 
present and future generations of the citizens of Oregon. 

Oregon Fish and Wildlife Commission 
The Oregon Fish and Wildlife Commission (Commission) is a governor-appointed public body that 
provides overall policy guidance to ODFW, reviews and approves administrative rules that govern the 
implementation of fish and wildlife statutes, and provides a public forum for addressing state fish and 
wildlife issues. The Commission formulates general state programs and policies concerning management 
and conservation of fish and wildlife resources and establishes seasons, methods and limits for sport 
and commercial take.  The Commission consists of seven members appointed by the governor for 
staggered four-year terms. One commissioner must be from each congressional district, one from east 
of the Cascades and one from west of the Cascades.   

ODFW Agency Infrastructure 
ODFW consists of the Commission, a commission-appointed director, and a statewide staff of 
approximately 1,200 permanent employees.  The department carries out fish and wildlife laws, rules, 
policies, and commission actions through programs staffed by biologists, technical experts, and others.  
The primary programs include Fish Division, Wildlife Division, and Administrative Services Division.  A 
program within the Fish Division, the Marine Resources Program, carries out state management actions 
for Oregon’s marine fish and wildlife resources.  This Nearshore Strategy provides the framework for 
Marine Resources Program’s management of fish and wildlife within state ocean waters and estuaries. 
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ODFW Administrative Rules 
State agencies implement statutes by adopting rules that define the details of agency programs and 
policies.  These rules are recorded in a set of public documents referred to as Oregon Administrative 
Rules or OAR’s.  The Oregon Fish and Wildlife Commission is the body that defines and adopts ODFW’s 
Administrative Rules.  ODFW has numerous administrative rules governing its actions 
(http://www.dfw.state.or.us/OARs/OARs.html).   

Native Fish Conservation Policy 

One set of rules particularly germane to the Nearshore Strategy is the Native Fish Conservation Policy 
(OAR 635-007-0502 through 635-007-0509).  This policy provides the overall blueprint for ensuring 
conservation of native fish in Oregon, which includes marine fish and invertebrates residing in state 
waters (from shore out to 3 nautical miles).  The policy’s goals include: 

1) Prevent the serious depletion of any native fish species by protecting natural ecological
communities, conserving genetic resources, managing consumptive and non-consumptive
fisheries, and using hatcheries responsibly so that naturally produced native fish are sustainable;

2) Maintain and restore naturally produced native fish species, taking full advantage of the
productive capacity of natural habitats, in order to provide substantial ecological, economic, and
cultural benefits to the citizens of Oregon; and

3) Foster and sustain opportunities for sport, commercial, and tribal fishers consistent with the
conservation of naturally produced native fish and responsible use of hatcheries.

In 2015, ODFW developed a Marine Fishery Management Plan Framework under the umbrella of the 
Native Fish Conservation Policy. The Framework provides a transparent and consistent process for 
developing state fishery management plans for marine fish and shellfish designed to maintain 
ecosystem integrity and sustainable fisheries.  The primary components of marine FMPs under the 
Framework include:  1) identification and characteristics of the population being managed, 2) 
description of the current and desired biological status of the population, 3) assessment of factors 
causing gaps between current and desired population status, and 4) management strategies that 
address factors and provide metrics to assess the success of the strategies. The full Framework is 
available on the MRP website 

Other State Agencies 
Management of the nearshore environment is highly fragmented, with jurisdiction split among multiple 
state agencies (Figure 2.1) ODFW’s legal jurisdiction covers management of fish and wildlife only.  While 
ODFW can take action to control the take or harvest of animals, and has some authority concerning 
animal habitat, the Department does not have authority over such issues as water pollution, vessel 

Definitions: 
Native fish: Fish species indigenous to Oregon, not introduced. This includes both 
naturally produced and hatchery produced fish. 

Naturally produced fish: Fish that reproduce and complete their full life cycle in natural 
habitats. 
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traffic, or access to public lands (except on ODFW-owned land).  These and other issues are under the 
jurisdiction of other state agencies.  Those with the greatest connection to the Nearshore Strategy are 
listed below. 

Department of State Lands (DSL)  
The department is the administrative agency of the State Land Board. It manages the state's submerged 
and submersible land under navigable rivers, lakes, estuaries, and the territorial sea.  It also administers 
a permit program for dredging and filling in state waters, a program for leasing rights to state 
submerged and submersible lands, and is responsible for managing commercial kelp harvest. 

Oregon Parks and Recreation Department (OPRD)  
The department has management authority over most of the Oregon coastline through two 
mechanisms.  The OPRD has direct authority to manage activities within state parks, many of which 
include sandy or rocky shore areas.  In cooperation with DSL, OPRD also manages Oregon’s ocean 
shore—the publicly owned land between the extreme low water line up to the beach zone line 
(statutory vegetation line) along the entire length of Oregon’s coast. 

Department of Environmental Quality (DEQ)  
The department is a regulatory agency charged with protecting the quality of Oregon's environment. 
DEQ is responsible for protecting and enhancing Oregon's water and air quality, for cleaning up spills 
and releases of hazardous materials, for testing for toxins in Oregon’s environment, including its fish and 
wildlife resources, and for managing the proper disposal of hazardous and solid wastes.  DEQ uses a 
combination of technical assistance, inspections and permitting to help public and private facilities and 
citizens understand and comply with state and federal environmental regulations.  In addition to local 
programs, the U.S. Environmental Protection Agency (EPA) delegates authority to DEQ to operate 
federal environmental programs within the state such as the Federal Clean Air, Clean Water, and 
Resource Conservation and Recovery Acts. 

Department of Land Conservation and Development (DLCD)  
The department oversees implementation of the state’s land use planning and coastal zone 
management programs.  DLCD provides coordinated management planning for ocean and coastal state 
agencies through the Ocean Policy Advisory Council, the Oregon Ocean Management Plan, the 
Territorial Sea Plan, Estuary Plans and Statewide Planning Goals 16, 17, 18, and 19.   

The Territorial Sea Plan was established to conserve and protect marine habitat by managing the 
resources and uses within the state’s jurisdiction of the sea. In 2013, it was amended to include policies 
governing offshore renewable energy siting in state waters.  

Oregon State Police (OSP)  
The Oregon State Police enforce all laws, including fish and wildlife regulations. OSP's Fish and Wildlife 
Division works closely with ODFW to identify current issues and set enforcement priorities with an 
annual Cooperative Enforcement Plan. 

Oregon Health Authority (OHA)  
OHA administers public health programs, including making decisions on beach closures due to poor 
water quality or human food health risks such as biotoxins in shellfish. 
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Department of Agriculture (ODA)  
The department is responsible for testing seafood commodities such as Dungeness crab and razor clams 
for contaminants.  ODA also is responsible for leasing and regulatory functions for oyster and mussel 
aquaculture, and regulates the use of growth-retardant paints on boat hulls.  The ODA is responsible for 
appointing members to various commodity commissions such as the Dungeness Crab Commission, the 
Salmon Commission, the Albacore Commission and the Oregon Trawl Commission. 

Department of Geology and Mineral Industries (DOGAMI)  
The department regulates surface mining and oil, gas and geothermal resource exploration.  The agency 
also identifies and maps the state’s geology and natural hazards.  On the coast this includes tsunami and 
earthquake hazards, and coastal erosion. 

Oregon State Marine Board (OSMB)  
The Marine Board regulates boating activities in state waters. Through boater education and 
publications, the board can create public awareness of wildlife resources affected by boating activity. 

Local Governments 

Counties/Cities 
County and city governments have authority in land use regulation and limited authority in ocean 
governance through 19 statewide planning goals and various Oregon Administrative Rules.  These goals 
and rules give county governments the ability to direct land use planning, economic and coastal 
development, estuary use and planning, address transportation concerns and direct local government 
planning and zoning activities regarding state and local parks.  Some enforcement of fish and wildlife 
laws and marine activities is done by county sheriffs. County commissioners and their constituents often 
have interest and involvement in ocean governance decisions that could affect local economies.  

Port Authorities 
Established by enactments of state government, public ports develop, manage and promote the flow of 
waterborne commerce and act as catalysts for economic growth. Port commissioners and staff often are 
directly involved in the development and maintenance of ports and promote economic growth and 
recreational activities. Dredging, construction, security, and port infrastructure is done through port 
authorities in conjunction with state and federal agencies.  

Oregon Coastal Zone Management Association 
The Oregon Coastal Zone Management Association is a non-profit organization representing counties, 
cities, ports, soil & water conservation districts and the Coquille Tribe on the Oregon coast. The group 
helps coordinate local government involvement in coastal transportation issues, coastal land use issues, 
coastal resource management, fisheries (sport and commercial) and develops objective information 
about the economy of the Oregon coast. It has no statutory or regulatory authority. The group also 
provides basic information to Congress and the U.S. Army Corps of Engineers regarding maritime traffic 
to budget for harbor maintenance.  
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Oregon Coast Tribal Governments 
Tribal government representatives work with the Governor’s office, state agencies, local jurisdictions 
and other coastal program partners to discuss cultural and land use issues related to marine resources.  
In 2001, the Oregon Legislature enacted Senate Bill 770 which formalized the government-to-
government relationship that exists between Oregon’s Tribal governments and the State of Oregon. 
Currently, one seat for “coastal” tribal representation is reserved on the Ocean Policy Advisory Council 
and gives tribal governments the ability to assist in ocean management.   

Federal Agencies 
Several federal agencies have management authority over species, activities, or lands in the nearshore 
area.  State and federal agencies share jurisdiction for many resource management activities.  Federal 
agencies whose ocean management jurisdiction has the greatest connection to the Nearshore Strategy 
are: 

Bureau of Ocean Energy Management (BOEM) 
The Bureau of Ocean Energy Management’s Renewable Energy Program is authorized by the Energy 
Policy Act of 2005 to issue leases, easements, and right-of-way grants for production and transmission 
of energy from renewable sources on the Outer Continental Shelf, such as marine hydrokinetic and 
offshore wind. BOEM’s responsibilities are paired with those of other federal entities, however BOEM is 
the lead agency for offshore wind.  

Federal Energy Regulatory Commission (FERC) 
Under the authority of the Federal Power Act, the Federal Energy Regulatory Commission issues licenses 
for the construction, operation, and maintenance of most non-federal hydropower projects.  This 
includes marine hydrokinetic projects sited in Oregon’s Territorial Sea or the adjacent federal waters of 
the Pacific Ocean.   

National Marine Fisheries Service (NMFS, or NOAA Fisheries)   
This branch of the National Oceanic and Atmospheric Administration manages ocean fisheries under the 
Magnuson Stevens Fisheries Conservation Act, administers the Marine Mammal Protection Act, and co-
administers the Endangered Species Act with U.S. Fish and Wildlife Service.  Ocean fisheries 
management occurs through a regional advisory body known as the Pacific Fishery Management Council 
(see below), which makes recommendations to NOAA Fisheries.   

U.S. Fish and Wildlife Service (USFWS) 
The USFWS administers the National Wildlife Refuges in Oregon, and co-administers several federal laws 
including the Endangered Species Act.  A complex of five National Wildlife Refuges include over 1,800 
rocks and islands that are disconnected from the mainland and have land above mean higher high water 
in Oregon’s territorial sea as well as rocky headlands and portions of estuaries. These include Bandon 
Marsh, Cape Mears, Nestucca Bay, Oregon Islands, Siletz Bay and Three Arch Rocks National Wildlife 
Refuges. 
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U.S. Army Corps of Engineers (USACE) 
The Army Corps of Engineers is responsible for building and maintaining coastal navigational projects, 
placement of dredged materials, and administering federal permit programs for construction, dredging, 
and filling in ocean and other waters. 

U.S. Coast Guard (USCG) 
The United States Coast Guard is active in the protection of natural resources, including pollution 
prevention, response, and enforcement; enforcement of fisheries laws, and international agreements 
and foreign vessel inspections. 

U.S. Environmental Protection Agency (USEPA) 
The EPA is responsible for protecting marine water quality under federal laws and regulates all point-
source discharges into rivers, estuaries, and marine waters.  The EPA protects coastal marine resources 
through a watershed approach and its regulatory and cooperative management programs. 

Other Ocean Related Federal Agencies 
Other federal agencies that manage coastal lands adjacent to the nearshore area include U.S. Bureau of 
Land Management and U.S. Forest Service. 

Policy Forums and Partnerships 

Ocean Policy Advisory Council (OPAC) 
The Ocean Policy Advisory Council was established in 1991, by the Oregon Legislature and represents 
ocean interest groups such as commercial, charter and sport fisheries, counties, port officials, 
recreationalists, conservation organizations, state agencies, and others.  OPAC’s purpose is to assist 
management agencies in discussions, recommendations, and advancement of policies related to the 
state’s three-mile territorial sea.  OPAC developed the Territorial Sea Plan to provide guidance for 
managing activities affecting ocean natural resources. OPAC provides a forum for addressing issues 
identified in the Nearshore Strategy that cut across agency jurisdictions. 

International Pacific Halibut Commission (IPHC) 
The International Pacific Halibut Commission (IPHC) is an international body that is dedicated to 
research and management of Pacific halibut stocks that occur in both US and Canadian waters. The IPHC 
consists of three government-appointed commissioners for each country who serve their terms at the 
pleasure of the President of the United States and the Canadian government respectively. 

Pacific Fishery Management Council (PFMC) 
This is one of eight regional councils in the U.S. responsible for managing fisheries under the Magnuson 
Stevens Fisheries Conservation Act.  PFMC is responsible for fisheries off of Oregon, Washington, and 
California.  The Council consists of representatives from the west coast states, NOAA Fisheries, tribes, 
and citizens in, or associated with, commercial and sport fishing industries.  The Council recommends 
fishery management actions to NOAA Fisheries. 

Pacific States Marine Fisheries Commission  
The Pacific States Marine Fisheries Commission (PSMFC) is dedicated to resolving interstate fishery 
issues. Representing California, Oregon, Washington, Idaho, and Alaska, the PSMFC does not have 
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regulatory or management authority. Rather, it serves as a forum for data collection, information 
management and discussion, working for coastwide consensus between state and federal fishery 
management authorities. PSMFC addresses issues that fall outside individual state or regional 
management council jurisdiction. 

Marine Spatial Management 

Spatial management and marine spatial planning incorporate science and user needs to address ocean 
resource management issues in a geographic context.  The scope, content and outcome of marine 
spatial planning can vary from an issue-specific to a broader ecosystem context. The planning process 
often takes a collaborative, proactive approach that works best with diverse interest groups. Because 
Oregon has one of the richest temperate marine ecosystems in the world, it is necessary to identify 
important ecological areas, setting strong ecological resource protection standards in the state’s 
nearshore waters. Oregon has a long history of designating spatial areas for certain purposes and 
recently developed the Territorial Sea Plan (TSP) Part 5, which outlines state policy on renewable ocean 
energy siting in the ocean, and characterizes the more suitable areas for this development to occur.  

ODFW was part of the TSP development process and is also engaged in other facets of marine spatial 
management. Most recently, Oregon completed designation of five marine reserves and nine associated 
marine protectied areas in 2012 with the help of community groups working in collaboration with state 
agencies (Figures 2.2a and 2.2b). ODFW is the lead agency for managing these areas.  In addition, a 
series of Marine Gardens, Habitat Refuges, Research Reserves, and Shellfish Preserves can be found 
along the Oregon coast and waters (Figures 2.2a and 2.2b). These were established individually from the 
1960s through the 1990s to address specific issues.  

The U. S. Fish and Wildlife Service also manages a complex of National Wildlife Refuges that encompass 
the more than 1800 islands off the Oregon coast as well areas on the coastal mainland. Federal wildlife 
refuges are above the mean high tide line. These islands are part of Oregon’s nearshore environment 
and provide breeding and resting habitat for marine mammals and seabirds. Oregon put additional 
restrictions on boat operations in the waters within 500 feet of the islands at Three Arch Rocks to 
further protect wildlife from disturbance.  
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Figure 2.2a. North Oregon coast Nearshore spatial management areas. 
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Figure 2.2b. South Oregon coast Nearshore spatial management areas. 
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3. NEARSHORE STRATEGY DEVELOPMENT

While the preparation of the Oregon Nearshore Strategy is initiated and the primary responsibility of the 
ODFW, the content is based on a collaborative process which includes subject matter experts, our 
state’s citizens, resource users, and resource managers from other state and federal agencies. The 
original Nearshore Strategy (ODFW 2006) outlines who was involved in development of the Nearshore 
Strategy, how they were involved, and a summary of the input provided by participants. Similarly, the 
2015 Oregon Nearshore Strategy reflects input we have received during the decade since the original 
document was published, and during the public process over the past year.  A summary of public and 
technical working group input received to date and the process for reviewing and updating the 
Nearshore Strategy is presented below.  

Process and Participants 

Internal Process 
In 2012, ODFW conducted an update to the Nearshore Strategy to: 1) better integrate the Nearshore 
Strategy with the Oregon Conservation Strategy; 2) examine the effects of global climate change and 
ocean acidification on nearshore species and habitats; and 3) review the progress made in implementing 
the Nearshore Strategy and consider priorities for updating the Strategy during the 10 year review in 
2015. 

The 2015 revision included reviewing the Nearshore Strategy, integrating the work done in 2012 on 
climate change and ocean acidification, and collecting and analyzing new information on nearshore 
species, their habitats and factors affecting them. Published literature and electronic databases were 
examined, and input on current and future nearshore issues and needs were obtained from ODFW staff, 
other state agencies, tribes, external experts, and the public. The Oregon Conservation Strategy and 
Nearshore Strategy documents were better integrated where appropriate.  

Public Participation 
A public process was undertaken to engage management partners, stakeholders, scientists, and other 
parties with an interest in Oregon’s nearshore resources in updating the Nearshore Strategy.  Avenues 
for public participation included: a technical working group, notifications of the update on the ODFW 
website seeking input, public meetings, and additional verbal or written public comment. This work was 
done in parallel with an update of the Oregon Conservation Strategy. In all, six opportunities for input at 
public meetings were provided in 2015 (Table 3.1). 

Participants represented a broad array of groups and interests, including: 

• Commercial and sport fishing interests and other ocean related businesses
• Conservation organizations
• Scientists, economists, and other subject matter experts
• Federal, tribal, state, and local government representatives
• Other interested citizens
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These opportunities provided ODFW with input on issues and concerns for nearshore species and 
habitats in need of management attention, potential conservation actions, research and monitoring, and 
priorities for management. 

Table 3.1. Public Meetings 

Nearshore Strategy Topic Meeting Objectives 

January 2015 
April 2015 
Fish & Wildlife Commission 

Nearshore Strategy review and 
update process  progress reports 

• Provide information on the Strategy, the review and update process
and how members of the public can participate

• Provide update on progress and present summary of proposed changes
to species lists and definition of Nearshore

• Identify priorities and opportunities for nearshore resource
conservation and management

• Opportunity for public input

July 2015 
Public Meetings  
North Bend and Newport 

Overview of updated Nearshore  
Strategy 

• Provide overview of the updated Nearshore Strategy
• Present proposed redefinition of Oregon’s Nearshore
• Present list of proposed Strategy Species
• Present summary of updated information in Strategy including

research and monitoring needs and Recommendations
• Opportunity for public input

August 2015 
Fish & Wildlife Commission 

Integration of input into Nearshore 
Strategy public comment draft  

• Present summary of changes to updated document
• Present public input on public review draft
• Present plans to finalize Strategy revision
• Opportunity for public input

September 2015 
Fish & Wildlife Commission 

Adoption of updated Nearshore 
Strategy by Commission 

• Present updated Strategy for adoption by Commission
• Opportunity for public input

Summary of Public Input 
A wealth of information on issues facing nearshore species and their habitats was received, during the 
initial development of the Nearshore Strategy as well as during the decade since it was first published.  
This section briefly captures major themes of this valuable information. 

Species 
Many people noted that although birds were included in the Oregon Conservation Strategy, this 
important component of the nearshore ecosystem was missing from the original Nearshore Strategy. 

Limiting Factors 
People shared their knowledge and concerns regarding limiting factors to sustainable nearshore 
resources, and identified a number of limiting factors.  Limiting factors identified fall into eight general 
categories: 
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• Lack of public awareness about nearshore species, habitats, and issues facing nearshore resources.
Education and outreach needs.

• Inadequate data and analysis for making appropriate management decisions.  Insufficient data
collection and analysis, limited life history information, the need for fishery independent surveys of
abundance and the prolonged lag time for making use of data.

• Loss or alteration of habitat important to nearshore species and ecosystems.  Both direct and
indirect sources of nearshore habitat loss/alteration, including those related to global climate
change and ocean acidification.

• Water quality degradation caused by anthropogenic factors that may negatively affect nearshore
species and habitats.  Point and nonpoint sources of pollution.

• Wildlife disturbance to nearshore species.  Types of human activities that could cause wildlife
disturbance.

• Harvest issues that could negatively impact nearshore species or habitats.  Examples included
general and localized overharvest, catch of non-targeted species, and lack of upper size limits for
certain species to protect “mega-spawners” that can make substantial reproductive contributions to
populations.

• Management inadequacy.  Numerous regulations, conflicting regulations and authorities, and lack
of coordination between management authorities.

• Ecosystem imbalances, such as imbalances in predator prey population dynamics and introduction
of invasive species.

Conservation Actions, Research Needs, and Management Priorities 
Public input on conservation actions, research needs, and priorities for management that could 
contribute to sustainable nearshore resources are summarized here.  Ideas expressed pertain to actions 
that could be carried out by ODFW staff, partners in collaboration with ODFW, or by other groups or 
natural resource agencies independently of ODFW. 

Input from participants fell into three general categories consistent with the Nearshore Strategy 
recommendations and the three overall goals: 1) education and outreach, 2) research and monitoring, 
and 3) management.  Summaries of the input provided for each of these categories is provided below.  

Suggested Education and Outreach Actions 
Information dissemination to public 

Outreach and educational information is an essential component of successful conservation 
implementation.  Building on existing programs and developing new methods to reach the public is 
needed to convey concepts for conservation. 

• Use ODFW’s Marine Resources Program website, local newspapers, social media and literature
to share research and conservation actions.

• Display conservation and educational materials at public areas (including hotels, charter offices,
angling shops, real estate offices, kiosks in malls, parks, marinas, boat ramps, and beach access
points, other public areas).
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• Continue to develop and implement fish release methods (aka “descender devices”).  Make
information widely available to anglers.

• Continue and increase ODFW representation at sportsmen shows, festivals, etc.
• Establish/strengthen outreach methods and opportunities for disseminating information to the

public, stakeholders, industry, etc.

Workshops/forums 

At times, education for stakeholders and the general public is needed on a more detailed and focused 
level than is possible with tools such as websites, printed material, or the media, in order to put 
conservation ideas and concepts into practice.    

• Design and convene workshops tailored to educate the public or user groups on specific topics
(e.g., fish, algae or invasive species identification workshops).

Suggested Research and Monitoring Actions 
Species Information 

Accurate accounting of stock abundance and harvest impacts is an important component of sustainable 
resource management.  There are many nearshore species for which we do not currently have 
abundance estimates or complete life history information.  In many cases, most or all of the information 
currently available on nearshore species is from catch landed in fisheries, which results in limited data.  
Information on abundance and other population characteristics from surveys independent of 
commercial or sport fishing is essential for managing nearshore species. 

• Gather information for all key nearshore species, regardless of whether or not they are
harvested.

• Develop stock assessment methods that accommodate the unique circumstances and habitats
of nearshore species with the greatest management need.

• Collaborate with sport and commercial fishermen, university researchers, and others to gather
information for exploited nearshore stocks.

• Inventory and monitor invasive species.
• Continue marine mammal population level monitoring.
• Encourage/assist in research on movement, behavior, and predator-prey relationships of adult

and juvenile stages of nearshore species.
• Encourage/assist in research and monitoring of reef specific changes, dynamics, and species

usage.

Estuaries 

Estuaries, and species predominantly estuarine, were not covered in the initial version of the Nearshore 
Strategy.  Input from public and technical working groups strongly supported the inclusion of estuaries 
and estuary management in the 2015 Nearshore Strategy and close coordination on estuaries with the 
updated Oregon Conservation Strategy developed by ODFW’s Wildlife Division.  Suggested actions:    

• Conduct a comprehensive assessment of human and predator effects on harvested and non-
harvested estuary species.
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• Evaluate potential impacts of issues such as invasive species and aquaculture on estuarine fish,
wildlife, and habitats.

• Develop a sampling and monitoring program to assess harvest rates, distribution patterns,
pollutant indicators and species biology that will allow for more comprehensive management
planning.

• Recognize, and where plausible integrate, linkages between estuary and nearshore marine
environments in resource management.

Habitat 

Habitat surveys of Oregon’s nearshore environment are limited and much of the area has not been 
surveyed with advanced technologies capable of fine resolution.  Substantial data gaps exist in regards 
to bathymetry, substrate, and habitat.  Little is known about the shallow (<10 meters) habitat and 
bioassemblages and more information is needed to understand the complexity of the nearshore 
ecosystem and the effects of human interactions.  

• Continue to develop habitat surveys using ODFW’s remotely operated vehicle (ROV).
• Develop new cost effective survey techniques for nearshore habitats.
• Continue to collaborate with OSU on seafloor mapping projects
• Collaborate with interested stakeholders to supplement/increase current survey data and areas

covered.
• Encourage/assist in research of reef-specific changes, dynamics, and species usage.
• Collaborate with DLCD in developing and updating estuary habitat maps.
• Encourage/assist in estuarine research to identify data/knowledge needed for management

planning.

Monitoring 

Monitoring species and habitat changes will help evaluate resource status and trends, judge the 
success of conservation and management efforts, and guide future management actions.  Although 
some monitoring is done at present, such as for catch and effort, more is needed to examine changes 
and trends within Oregon’s nearshore ecosystem.  Many of the recommendations under the species 
and habitat subcategories above are also monitoring actions specific to those subcategories.  The 
recommendations below are more ecosystem wide monitoring that could be done by ODFW or other 
appropriate parties.  These include:  

• Encourage/assist in monitoring of reef specific changes, dynamics, and species usage.
• Continue to assess/gather information on levels of human use and wildlife disturbances to

intertidal habitats, animals, and plants.
• Conduct new surveys to assess habitat changes and species distribution changes.
• Monitor coastal and offshore development to identify potential impacts to nearshore resources.
• Monitor point and nonpoint source pollution problem areas (e.g., wastewater treatment/raw

sewage discharges, pulp/paper mill effluent, increased nutrient loading from agricultural runoff,
etc.).
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Suggested Policy and Management Actions 

Sport/Commercial Fisheries 

Fisheries management is an integral component of sustainable nearshore resource management.  Many 
concerns about current fisheries management were articulated by participants during public and 
technical working group meetings.  Some suggested actions for improving sport/commercial fisheries 
management were: 

• Increase marine sport fishery monitoring.
• Examine sport fishing activity and the current monitoring framework to improve data collection.
• Analyze current data collection methods and estimates of catch to improve stock assessment

support for species in greatest need of management attention and “overfished” stocks.
• Collaborate with other agencies to support and ground-truth data collection methods.
• Continue to reduce bycatch/discard using incentives as well as gear research and development.

Non-Extractive Management Actions 

Forage fish are an important component of the marine ecosystem off the U.S. West Coast, including 
Oregon’s nearshore waters.  There has been growing public interest in addressing the conservation 
needs of these species, which include round and thread herring, mesopelagic fishes, Pacific sand lance, 
Pacific saury, silversides, Osmerid smelts, and pelagic squids.  In March, 2015, the Pacific Fishery 
Management Council prohibited the development of new directed commercial fisheries on these 
unmanaged forage fish species.  Federal regulations implementing this prohibition are under 
development as of June, 2015.  ODFW will develop an Unmanaged Forage Fish Fishery Management 
Plan (FMP) based on the Marine Fishery Management Plan Framework approved by the Oregon Fish and 
Wildlife Commission in 2015 (recognizing that there will be significant differences from a typical fishery 
management plan, as directed fishing will not be occurring).  Oregon’s Unmanaged Forage Fish FMP will 
include information on resource status, management, and history that are specific to Oregon, but will 
overall align very closely with the federal approach.  

Socioeconomics 

Coastal economies in Oregon are often directly or indirectly dependent on nearshore resources.  The 
importance of improving the availability and use of socioeconomic information in nearshore resource 
management was emphasized by many.  Suggested actions included: 

• Work with coastal ports and stakeholders to characterize sport and commercial fishery
contributions to coastal economies.

• Examine, at local and regional scales, economic impacts due to regulations.
• Look for ways to include incentives in fisheries and other nearshore resource management.

Communication and Coordination 

One of the primary goals of the Nearshore Strategy is to improve communication and coordination 
between ODFW and the public, other resource management agencies, tribes, the fishing industry, 
universities, ports, local units of government, and non-governmental organizations.  Suggested actions: 
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• Continue to facilitate the exchange and discussion of information about terrestrial activities that
may negatively impact nearshore resources or the nearshore environment.

• Increase/develop coordination between state and federal management agencies, local units of
government, ports, and non-governmental organizations.

• Encourage development of local groups to facilitate information and knowledge exchange
between ODFW and local constituents.  Look for ways in which local input can be folded into the
management process.

Public Input on Review Draft 
Unlike the wide reaching scope of extensive input received when the concept of the Nearshore Strategy 
was brand new a decade ago, the amount of public input received on the public review draft was more 
limited in 2015. Although public comment still encompassed a broad range of topics, it largely focused 
on fine tuning the updated version of the Nearshore Strategy. Comments expressed support for the 
redefined Nearshore area and inclusion of portions of estuaries. A variety of opinions were expressed on 
changes that could be made to the species lists and the information presented on species-habitat 
associations. The role of marine reserves in nearshore research and monitoring efforts was noted.  The 
importance of explicitly incorporating climate change and ocean acidification effects in all asapects of 
the document was stressed. Staff analyzed public input recieved and modified the Nearshore Strategy as 
deemed appropriate.  

Summary of Changes 
The review, extensive input, new information and better integration resulted in a number of changes to 
both the Oregon Conservation Strategy and the Nearshore Strategy. A brief summary of changes 
relevant to the Nearshore Strategy follows: 

• The term “Nearshore” was expanded to include all of Oregon’s Territorial Sea, shoreline areas in
the supratidal zone, and portions of Oregon’s estuaries (see Chapter 1 and 6).

• Information on coastal communities was updated (see Chapter 4).
• The Nearshore Strategy was reorganized to make it easier to find information on species (see

Chapter 5), habitats (see Chapter 6), factors and stressors affecting species and habitats (see
Chapter 7), and research and monitoring needs (see Chapter 8), with new and updated
information incorporated.

• Species lists were modified based on new information, better integration with the Oregon
Conservation Strategy and inclusion of estuaries as part of the nearshore (see Table 3.2 and
Chapter 5).

• The new federally-adopted Coastal and Marine Ecological Classification Standard was integrated
to describe habitats (see Chapter 6).

• Extensive information on the effects of global climate change and ocean acidification on
Oreogn’s nearshore and coastal waters was incorporated (see Chapter 7 and Appendicies A – D).

• Better integration resulted in more links between the Oregon Nearshore Strategy and the
Oregon Conservation Strategy, including an integrated Strategy Species list and a Nearshore
Ecoregion in the Oregon Conservation Strategy (see the Oregon Conservation Strategy).

• Updates to the recommended actions for 1) Education and Outreach; 2) Research and
Monitoring; 3) Management and Policy (see Chapter 9).
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Table 3.2. Summary of modifications to the Strategy Species List in the Nearshore Strategy. 

Nearshore Strategy Review 

The 2015 Nearshore Strategy was reviewed by multiple parties prior to completion to ensure that the 
eight required elements for a State Wildlife Action Plan (see Chapter 2) are included and clearly 
presented, and that the document accurately captures the public and technical input received during 
development.  One of the USFWS eight required elements is to develop procedures to review the Plan at 
least every ten years and update it if necessary.  To remain consistent with the Oregon Conservation 
Strategy, the Nearshore Strategy will undergo a complete review on this timeframe.  ODFW staff will 
report to the Oregon Fish and Wildlife Commission on the status of the Nearshore Strategy, its relevance 
to current nearshore resource issues and priorities, and implementation of its recommendations. This 
will be done in conjunction with reports on the Oregon Conservation Strategy annually to help evaluate 
if changes to Oregon’s State Wildlife Action Plan are warranted more frequently.    

1 SMUs are State Management Units for salmonid species. More information about SMUs and how they relate to 
ESA listings for salmonids can be found in the Oregon Conservation Strategy. 

Change Species 
Strategy Species already in 
Oregon Conservation 
Strategy now included in 
Oregon Nearshore Strategy 

Anadromous Fishes: Chinook salmon (all listed SMUs1 ), Coho salmon (all 
listed SMUs ), Chum salmon (All SMUs), Coastal Cutthroat Trout 
(Columbia River SMU),  Pacific lamprey 
Birds: Black brant goose, Black oystercatcher, California brown pelican, 
Caspian tern, fork-tailed storm petrel, Leach’s storm petrel, marbled 
murrelet, rock sandpiper, tufted puffin, western snowy plover 

Strategy Species moved to 
the Watch or Commonly 
Associated Species List 

Fishes: Black and yellow rockfish, Bocaccio, Gopher rockfish 
Marine Mammals: California  sea lion 

Strategy Species added 
based on Oregon Nearshore 
Strategy criteria 

Fishes: Pacific sandlance, Longfin smelt, Deacon rockfish (a cryptic 
species formally recognized as a new species in 2015, formerly consider 
to be Blue rockfish)  
Invertebrates: Blue mud shrimp, Native littleneck clam, Olympia oyster, 
Sunflower star  
Marine Mammals: Southern resident killer whale  
Plants: Native eel grass 
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4. COASTAL COMMUNITIES

Social and economic information can provide insight into the relationship between nearshore natural 
resources and coastal communities.  This information will also inform managers during the development 
and implementation of management policies and actions.  Nearshore marine resources directly and 
indirectly provide many benefits to the coastal communities, visitors, the regional economy, and more 
broadly to Oregon citizens.  Select demographic and economic information for the Oregon coast is 
summarized here.  The focus is on some of the trends which are likely to be relevant to nearshore 
resource management over the next decade.   

Human communities are part of the coastal ecosystem.  Features of the coast’s environment, resources 
and geography affect where people live, the viability of different business opportunities, property 
values, and recreational opportunity availability.  Feedback between the socioeconomic and ecological 
systems occurs in both directions.  In one direction, the environmental qualities and resources of the 
area affect the economic base and culture of coastal communities.  In turn, different types of economic 
systems, consumptive (e.g., fishing, mining) and non-consumptive (e.g., tourism, shipping) uses of 
natural resources, also influence the coastal ecosystem. Ecological understanding, public awareness, and 
policy initiatives will improve stewardship of the marine ecosystems. This knowledge can facilitate 
effective management of Oregon's nearshore resources in order to ensure sustainable use. 

Coastal Oregon History   
The land and waters of the Oregon coast were the setting for a dynamic aboriginal culture characterized 
by natural resource acquisition at many diverse localities (Moss and Erlandson 1996).  Prior to European 
contact, Native Americans relied predominantly on fishing, hunting, gathering, and trading for 
sustenance.  Their natural resource utilization occurred in a wide variety of environments, including 
sand spits, saltwater bays, tidal and intertidal estuaries, lake shorelines, river mouths and their ocean 
confluences.  Archeological evidence of subsistence activities can be found along the Oregon coastline in 
the form of shell middens, fishing weirs, food processing sites, villages, and seasonal occupation camps.  
The types of resources utilized were directly related to the food sources available within their 
geographic locale.  The diets of the aboriginal people primarily consisted of salmon, shellfish, plants, and 
land mammals.  Native cultures in general were renowned for their maritime life styles, elaborate 
technology, high population densities, sophisticated art and architectural traditions, and sociopolitical 
complexity. 

Coastal Oregon is geographically separated from the rest of the state by a low-lying mountain range that 
parallels the coastline.  The eastern boundaries of five counties (Clatsop, Tillamook, Lincoln, Coos and 
Curry) approximate the range crest, while Lane and Douglas counties extend farther east to interior 
valleys.  This geography had a direct effect on early European settlement patterns.  Numerous small 
homesteads sprang up along the rivers and bottomlands where subsistence agriculture was possible.  
Early European settlers subsisted by gathering locally available resources, growing their own food in 
large subsistence gardens, and maintaining the few possessions they brought with them (ICF 
International 2010).  In addition to their gardens and livestock, they also utilized many of the same 
resources as the Native Americans - wild berries, deer, elk, and estuarine animals such as clams, crab, 
and fish.  Shelter, often in the form of log cabins, was the first priority on any new land claim.  As these 
early families became more settled, larger houses and outbuildings were constructed.  While local towns 
played important roles in trade and commerce, most early residents continued to live in rural areas.  
Many of the early towns along the Oregon Coast had brief periods of prosperity before disappearing. 
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In the modern era, marine resource harvest has increased as human demand for food and recreation 
has grown, and efforts have expanded from estuary and shoreline-based activities to include nearshore 
and more distant waters.  Wild salmon populations and some shellfish production have been 
supplemented with hatcheries and aquaculture operations. 

General Coastal Oregon Population Data  

Figure 4.1 Land ownership in Western Oregon (Source: Campbell et al. 2002). 

A large proportion of the land in coastal Oregon is owned by the Federal government, the state, forest 
products companies, and other tribal or government entities (Figure 4.1).  A large majority of coastal 
residents still live near the coastline or in narrow coastal river valleys.  Based on the total amount of land 
in the region, the Oregon coast is sparsely inhabited. The aggregate density of the five coastal counties 
(excluding coastal Lane and coastal Douglas counties) was 31.6 persons per square mile in 2010.  While 
the average density is low, the density within available private land suitable for residential development 
is more dense than these figures suggest. Timberlands are 94 percent of the land base (Campbell et al. 
2002). This situation has important implications which will to be subsequently discussed. State density 
was 39.9 persons per square mile in 2010 (Figure 4.2).2  Oregon is 39th in density among all states (US 
Census 2010).  State density has approximately doubled since 1960 (Wilson and Fischetti 2010).  Overall, 
the coastal population has slowly and steadily increased since the 1930's (Figure 4.3). 

In 2000, the population of the five coastal counties was 185,460 people—about 5.4 percent of Oregon's 
total population.  In 2010, the population was 193,730 in the five coastal counties, which was 5.1 
percent of Oregon's total population (Tables 4.1 and 4.2).  A higher proportion of retirement-age 

2. Unless otherwise noted, the presented demographic data are from the U.S. Bureau of Census decennial
census 2010 information or the American Community Survey (ACS) aggregations for 2008-2012.

ONS 28



Oregon Nearshore Strategy - Draft Final for Commission - September 2015 (last updated 8/12/15) 

persons lived on the coast (22.0 percent) compared to the rest of Oregon (13.9 percent) in 2010 (Figures 
4.3 and 4.4).  The population growth rate for the Oregon coast, albeit slower than the rest of Oregon, 
has mostly occurred as a result of in-migration of both working age adults and retirees, though the 
retiree population has grown more than other age groups.  Lincoln, Curry and coastal Lane counties 
have experienced a higher influx of retirees than the other coastal counties.  The coast population has 
disproportionately more persons older than 50 years of age, and disproportionately fewer younger 
individuals. There is an out-migration of young adults searching for education and employment 
opportunities.  Population growth due to births within the coastal region has actually declined.  The 
slower rate of growth, age structure and in-migration pattern has a large bearing on the character of the 
coast's economy (Swedeen et al., 2008). 

Figure 4.2. Oregon population profile (2010 U.S. Census). 
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Figure 4.3, Age of population for U.S., Oregon, and Oregon Coast in 2010 (Sources: 2010 U.S. Census). 

Figure 4.4. Population Growth in Coastal Counties in 1950 to 2010. Note that, coastal Lane and coastal 
Douglas counties are approximated by the cities of Florence and Reedsport/Winchester Bay, 
respectively (Source: 2010 U.S. Census). 

Coastal Oregon Economic Characteristics   
Post European settlement, coastal economies were based on natural resource economic sectors in 
fishing, farming and logging.  Opportunities in these industries generally have been declining in the last 
35 years.  There is considerable variation in sources of income among coastal counties.  For example, 
Tillamook County has a large economic base from agriculture production, Lincoln County relies on 
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commercial fishing and tourism, and timber production is still important to Coos County (TRG 2006 and 
2014).  The following discussion highlights the most important sectors of the regional economy. 
 
Agriculture.  Agriculture in Oregon's coastal areas is part of a lifestyle that contributes diversity to local 
economies.  It also helps provide a buffer to the variable nature of the forestry, fishing and recreation 
industries.  The agriculture industry has remained consistently strong in Tillamook and Coos counties. 
 
Timber Industry.  Timber harvest was increasing into the 1980's and has since decreased (OFRI, 2012).  
Tillamook and Coos Counties have experienced cyclical patterns in timber harvest, depending upon 
national demand for fiber and local availability of timber.  However, harvest volumes and timber 
industry employment in these areas have generally been in decline.  Coastal counties’ timberlands are 
94 percent of the land base (Campbell et al., 2002).  There is a mixture of federal, state, and private 
timberland ownership in coastal counties (Figure 4.1). 
 
Commercial Fisheries.  Many port cities support active commercial and sport fisheries (Figure 4.5).  The 
onshore landed component of Oregon's commercial fishing industry contributed $286 million in 
personal income to the state's economy in 2014, a three percent increase compared to the previous 10-
year average (Table 4.2).  The Dungeness crab fishery alone contributed $70 million in 2014.  In Lincoln 
and Clatsop counties, many vessel repair and provisioning businesses depend on distant water fishing 
activities.  Skippers, crewmen and processor workers, and vessel/permit owners have residency in 
Oregon coastal counties.  Fishing in areas such as the Bering Sea or North Pacific Ocean contributed 
more than $261 million of personal income in 2014 (Table 4.2).  Although much or all activity in these 
distant water fisheries is conducted outside the nearshore area, they can affect nearshore resources 
indirectly through support of coastal community economies and services that also affect nearshore 
resource uses. 
 
Oregon's commercial nearshore fishery is an important contributor to local economies.  The number of 
buyers, processors and distributors of nearshore species in any given port ranges from none to many.  
Some nearshore fish buyers purchase small quantities of fish for local markets, while others—especially 
on the southern coast—purchase nearshore fish (live or dead) for markets in the Willamette Valley or 
San Francisco.  Northern and north central ports rely heavily on fishing opportunities for black rockfish 
and blue rockfish.  Southern ports have responded to the increasing demand for live fish.  Landings of 
black and blue rockfish, cabezon, greenling, and other nearshore rockfish dominate in these ports.  The 
commercial nearshore fishing economic contribution in 2014 was about $3 million in personal income 
and ex-vessel revenues of about $1.5 million. 
 
Sport Fisheries.  Many ports also support sport fishing (Figure 4.5).  There were over one million marine 
finfish fishing trips, including lower bay fishing locations, in 2012 (TRG 2013).  Based on 2014 estimates 
of sport landing totals for bottomfishing, sport charter boat fishing was most prevalent in Newport, 
Depoe Bay, Charleston and Garibaldi.  Private boat sport fishing activity, in terms of numbers of trips, 
was greatest in Brookings, closely followed by Charleston and Newport.  The estimated number of 
angler days for all of the fisheries used to make the current year economic contribution estimates are 
shown in Table 4.3 and Figure 4.6.  In 2012, sport trips targeting bottomfish comprised 41 percent of all 
ocean sport trips, but only seven percent of all ocean and bay fishing trips, which reflects the significant 
difference in the focus of targeting effort in the bays.   
 
Sport fishing trips target a range of species in both nearshore waters and in offshore waters, which 
occur outside of the Territorial Sea (beyond 3 nautical miles).  Bottomfish fisheries occur primarily in 
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nearshore waters, while tuna fishing almost always occurs far offshore.  Halibut, salmon, and other 
target species are pursued in both areas.  All combined sport fisheries trip spending generated $49.5 
million in personal income in coastal economies (Table 4.4 and Figure 4.7).  Sport bottomfishing was 
13.3 percent of this economic contribution. These estimates include fishing trips in nearshore waters as 
well as all other ocean locations. The sport bottomfish fishery is an important component of many 
coastal economies, as it provides stable and consistent income for these communities during times 
when other seasonal fisheries (e.g., salmon and tuna) are not available.  

Sport crabbing and clamming in Oregon bays and nearshore waters is also popular. The bay crab 
fisheries were the greatest component of harvest, accounting for approximately 60 percent of the total 
annual sport crab harvest, with the other 40 percent caught in the ocean.  The largest clam fisheries are 
for razor clams and for a group of clams collectively known as bay clams (including cockles, butter clams, 
gaper clams, and native littleneck clams) found, as the name implies, within the state's many bays and 
estuaries (Ainsworth et al., 2014).  Bay clams are targeted for both sport and commercial harvest in 
Oregon.   

Recreational fishing is a significant part of coastal economies.  There is a direct link between recreational 
fishing, coastal tourism, and the service industry.  Visiting fishermen and their families contribute 
substantially to local economies by purchasing licenses, fishing gear and boating accessories, as well as 
food, lodging and other services.   

Coastal Tourism.  Tourism is a key component of the state's economy, and the Oregon coast is a major 
destination for visitors.  Most coastal counties are experiencing steady growth in tourism.  Visitation is 
increasing at state parks (White et al. 2012), and employment at motels/hotels and food service 
industries continues to increase.3  The growth of tourism has served to diversify coastal counties' 
economic bases. 

The Oregon coast marine environment attracts tourism for many experiences other than fishing.  
Because a trip purpose can be for more than one reason, it is difficult to measure economic 
contributions directly related to specific nearshore marine resources.  At a more general level, the 2013-
2017 Oregon Statewide Comprehensive Outdoor Recreation Plan identified ocean and beach 
recreational activities as the Oregon population's fourth highest outdoor recreation activities in 2011 
(OPRD 2013).  Half of Oregon's households visited the Oregon coast in 2010 (LaFranchi and Daugherty, 
2011).  A study published almost two decades earlier (Rettig 1989) reported on the diverse motives for 
Oregon coast tourism visitation and various activities in which visitors participated (Figure 4.8).  The two 
studies (Rettig 1989, LaFranchi and Daugherty 2011) provided similar information with roughly 10% or 
fewer coastal visitors reportedly participating in fishing activities (Figures 4.8 and 4.9). 

Wildlife viewing generates more regional economic contributions than recreational hunting and fishing 
activities combined in Oregon (USFWS 2008).  At almost $1.7 billion, Oregon ranked in the top ten states 
in the nation for economic output related to wildlife viewing in 2011 with an estimated 1.44 million 
wildlife watchers (USFWS 2014). Although these numbers were not broken down by specific activities 
within regions within the state earlier work provides some insights. Total generated expenditures on the 

3. ACS tourism data were used for estimating this trend.  The included North American Industrial Classification
System industry categories are in a satellite account titled Arts, entertainment, recreation, accommodation,
and food services.  See Zemanek (2014) for an explanation of the accounting.

ONS 32



Oregon Nearshore Strategy - Draft Final for Commission - September 2015 (last updated 8/12/15) 

coast were nearly $160 million in 2008 (Dean Runyan Associates 2009).  Statewide wildlife watching per 
trip expenditures were estimated at $66 per day (USFWS, 2014).  For whale watching alone, O'Connor, 
et al. (2009) reported that more than 375,000 tourists participated on the Oregon coast in 2008, 
resulting in nearly $1.6 million in direct expenditures and an additional $28.2 million in indirect 
expenditures.  This was more than a two-fold increase in direct expenditures over 10 years (O'Connor et. 
al. 2009).  LaFranchi and Daugherty (2011) also describe the positive economic effects of non-
consumptive uses of coastal resources.  It is clear that non-consumptive use of the nearshore marine 
ecosystem is a significant tourism driver.   

Restoration and Protection Projects. Conservation protection and restoration projects have economic 
benefits.  Some of the benefits are identifiable and can easily be measured. For example, agency and 
contractor labor and materials/services payments for management and construction projects will be re-
spent in communities generating economic activity that will include the “multiplier” effect. Knowledge 
about the payments and their source coupled with economic input-output modeling procedures provide 
the measurements. Other benefits are more tenuous to trace and economic effects are more difficult to 
estimate because they will not have such direct connections to the market place.  Economic benefit 
analysis would require extensive on-site knowledge of biological, ecological, and physical process 
interrelationships as well as clever ways to assess human appreciation of the setting and interrelations 
to formulate economic benefit estimates. A growing body of literature describes these tenuous 
economic benefits in terms of ecosystem services (Heal et.al 2005, Fisher et.al. 2009).  It is recognized 
that the natural environment provides ecosystem services that increases individual welfare, but 
quantifying a measure of change is difficult. Economic benefit studies of conservation and restoration 
projects generally provide economic impacts of a defined activity but only acknowledge the broader 
social values. 

There are several examples of economic benefits analysis studies for Oregon coastal communities. It was 
of interest to stakeholders to know the economic effects in Port Orford that occurs from establishing the 
Redfish Rocks Marine Reserve. A study found that ongoing and instigated research, planning, and 
management activities were adding about one-third more of the existing commercial and recreational 
fishing to the area’s marine related economic effects (TRG 2013). It was known that the activity was 
taking place, but the magnitude was a surprise to local officials.  Another study reviewed the economic 
benefits of a salmon habitat restoration project on the lower Coquille River (Ecotrust 2012). It was a 
more typical analysis of a restoration project whereby short-term restoration project supervision and 
construction as well as long-term recreation and commercial fishing economic impacts were included.   

Protected and restored environments can promote economic development and reduce the need for 
state and federal intervention in land uses to protect environments. People are attracted by the use 
benefits (e.g. fishing, hunting, surfing, wildlife viewing) and the sense of increased individual welfare. 
Environmental stressors often accompany economic development.  The stresses span coastal ecosystem 
elements and have cumulative impacts (Crain et al. 2008). The challenge is to understand how to best 
manage and mitigate these impacts. Emerging conservation practices such as ecosystem-based 
management that accounts for ecosystem service valuation hold substantial promise for protecting 
coastal marine systems (EBM 2015). Carrying out the practices will require a combination of public and 
private initiatives for success. Ecological understanding, public awareness, and policy initiatives will 
improve stewardship of the marine ecosystems. This knowledge can facilitate effective management of 
Oregon's nearshore resources in order to ensure sustainable use. 

ONS 33



Oregon Nearshore Strategy - Draft Final for Commission - September 2015 (last updated 8/12/15) 

Other Regional Export Income.  In some coastal areas, many small manufacturing and service companies 
export their products outside the region, which also contributes to local economic growth.  Industries 
such as boat building and water-transportation occur in the region.  Lincoln County has a growing 
marine technology economic sector (TRG 2014).  High amenity areas such as the Oregon coast also tend 
to attract “footloose” entrepreneurial businesses, economic activities which are not dependent on the 
specific location’s resources for viability.  As such, writers, artists, computer hardware and software 
developers, and other small coastal entrepreneurs sell products outside the coastal area and bring 
income into regional economies.  The cumulative economic contribution of these smaller industry 
sectors is important along the coast. 

Real Estate Investment and Development.  Real estate development often occurs in tandem with 
tourism development in high amenity locations.  In the state of Oregon, 3.3% of all homes are vacant 
second homes (Table 4.1).  In contrast, 54% of all homes are vacant second homes in Cannon Beach; 
34% of all homes in Tillamook County are vacant second homes, as are 25% of all homes in Lincoln 
County.  This rate of investment in second homes throughout the coast has significant impacts on both 
housing affordability and availability.  Should a substantial portion of these investors retire to these 
second homes during the next decade, the cultural, social and political dynamics of many coastal 
communities will be affected. 

Coastal Oregon Employment and Retirement Characteristics   
Coastal Oregon is far more dependent on employment income from tourism and natural resources than 
the rest of the state.  Coastal Oregon counties have 24% fewer persons employed in higher paying 
management, business and science occupations than the state average (28% /37% ), and 30% more 
persons involved in service and natural resource occupations ([23% + 12%] / [18% + 9%]) than the state 
average (Table 4.5).  Table 4.6 further highlights the coastal economic dependency on tourism and 
natural resource industries.  Twenty percent of coastal employment is in the natural resource and 
tourism (arts, entertainment, and accommodations) industries compared to the state average (thirteen 
percent).  The combined state average for employment in manufacturing, professional, education, 
health care and education sectors is 44%, in comparison the coastal average is 34% in these sectors.  In 
particular, there are fewer persons employed in education and health care on the coast.  Among the 
coastal counties, Tillamook County has fewer service jobs and more natural resource jobs.   

Coastal Oregon is also more dependent on retirement income than the rest of the state.  During the 
period from 2004 to 2013, the number of jobs (full and part time) overall in the state of Oregon 
increased almost 6% (Table 4.7).  During that same time frame, the number of jobs actually decreased 
nominally (<1%) on the coast.  This occurred despite the fact that the coastal population grew over that 
time period (Figure 4.3).  An important reason for this disparity between number of jobs and coastal 
population growth is illustrated by data related to coastal retirement patterns.  As previously 
mentioned, the coast has proportionally fewer persons under age 49 than both the United State and the 
state of Oregon, and a substantially higher proportion of persons of retirement age (Figure 4.4).  
Retirement income is derived from investments and transfer payments (social security).4  Over half 
(51%) of personal income on the coast is derived from investments and transfer payments (Figure 4.10).  
This is 31% higher than the state average, and 46% higher than the proportion of personal income 
derived from investments and transfer payments at the national level.  This dependence on retirement 
income increased across all coastal counties between 2003 and 2012 (Figure 4-11).  Much of the 

4. Transfer payments of social security benefits include SSI (disability) income.
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improvement in average coastal income during this time frame reflects retirement migration patterns, 
and thus household income from sources other than earned income among working families (Figure 4-
12).  A large proportion of the baby boom generation has yet to retire, so these trends are not likely to 
abate during the next decade. 
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Table 4.1. Oregon, Port Group, and Selected Cities Population and Housing Characteristics in Recent Years 

Population Characteristics Housing Characteristics in 2010
2010 2012 Renter Vacant

 Port Group  County/City  Population 
 Under 

18  18-64 
 65 and 

over 
 Median 

Age 
 White 
Share 

 Average House- 
hold Size 

Education 
25+ H.S. 

 Individual 
Poverty Rate 

 Housing 
Units 

Occupied 
Rate

Vacant 
Rate

Occupied 
Rate

Second 
Home Rate

All Oregon 3,831,074 22.6% 63.5% 13.9% 38.4 83.6% 2.47 89.2% 15.5% 1,675,562 90.7% 9.3% 34.3% 3.3%
Coastwide 206,732    18.4% 59.6% 22.0% 48.3 90.2%

Astoria Clatsop 37,039      20.5% 62.8% 16.6% 43.2 90.9% 2.29 91.8% 15.8% 21,546      73.1% 26.9% 28.1% 19.9%
Astoria 9,477       20.3% 62.6% 17.1% 41.9 89.2% 2.15 92.4% 20.5% 4,980       86.1% 13.9% 45.0% 4.6%
Gearhart 1,462       17.4% 64.2% 18.4% 49.0 94.6% 2.25 96.4% 8.1% 1,450       44.8% 55.2% 11.2% 49.9%
Cannon Beach 1,690       16.4% 63.8% 19.8% 46.4 88.4% 2.07 91.9% 26.9% 1,812       41.9% 58.1% 17.6% 54.1%
Seaside 6,169       19.7% 62.6% 17.7% 41.9 88.6% 2.15 91.0% 17.7% 4,487       63.3% 36.7% 35.1% 28.1%

Tillamook Tillamook 25,250      19.8% 59.3% 20.9% 47.5 91.5% 2.29 88.5% 17.2% 18,359      59.0% 41.0% 18.0% 33.8%
Nehalem 271          16.2% 62.4% 21.4% 44.2 93.0% 2.34 95.8% 11.8% 155          74.8% 25.2% 20.6% 20.0%
Tillamook 4,935       27.0% 59.0% 14.0% 33.7 86.5% 2.41 85.9% 29.9% 2,248       90.6% 9.4% 52.7% 0.8%
Garibaldi 779          12.5% 59.4% 28.1% 55.1 94.7% 1.99 91.5% 20.7% 524          73.3% 26.7% 21.4% 19.5%
Netarts 748          15.1% 64.4% 20.5% 52.8 95.3% 2.04 95.3% 6.9% 775          47.2% 52.8% 14.6% 44.0%
Pacific City 701          13.7% 56.3% 30.0% 55.1 91.9% 2.06 97.2% 23.9% 705          48.2% 51.8% 11.8% 46.1%

Newport Lincoln 46,034      17.3% 61.1% 21.7% 49.6 87.7% 2.20 89.3% 16.0% 30,610      67.1% 32.9% 23.8% 25.1%
Depoe Bay 1,398       9.7% 60.5% 29.8% 56.6 92.9% 1.96 91.8% 15.4% 1,158       61.7% 38.3% 20.9% 26.3%
Newport 9,989       20.0% 61.1% 18.9% 43.1 84.1% 2.22 88.0% 18.7% 5,540       78.6% 21.4% 39.3% 13.8%
Siletz 1,212       24.5% 61.2% 14.3% 42.0 69.7% 2.67 83.3% 23.0% 483          92.8% 7.2% 25.1% 0.8%
Toledo 3,465       24.8% 63.4% 11.8% 37.6 89.9% 2.60 86.4% 18.9% 1,474       90.3% 9.7% 36.4% 1.8%
Waldport 2,033       15.8% 57.9% 26.2% 53.0 91.2% 2.08 89.2% 14.5% 1,196       81.4% 18.6% 28.2% 10.4%
Yachats 690          4.9% 53.6% 41.4% 62.3 95.2% 1.72 94.5% 8.6% 807          49.6% 50.4% 18.6% 40.0%

Coos Bay Coastal Lane 8,466       13.9% 49.7% 36.4% 57.0 92.5%
Florence 8,466       13.9% 49.7% 36.4% 57.0 92.5% 1.98 92.9% 11.9% 5,103       82.8% 17.2% 31.6% 7.3%

Coos Bay Coastal Douglas 4,536       17.2% 54.7% 28.1% 51.9 93.1%
Reedsport 4,154       17.8% 55.0% 27.2% 51.2 93.0% 2.11 82.0% 21.9% 2,207       88.3% 11.7% 32.2% 2.8%
Winchester Bay 382          11.0% 51.0% 38.0% 59.0 93.7% 1.88 84.1% 8.3% 270          73.0% 27.0% 22.6% 18.1%

Coos Bay Coos 63,043      18.9% 59.7% 21.4% 47.3 89.8% 2.29 87.8% 17.3% 30,593      88.7% 11.3% 30.5% 4.0%
Coos Bay 14,556      20.2% 60.8% 19.0% 41.5 86.6% 2.26 89.0% 18.6% 6,879       92.1% 7.9% 42.2% 1.4%
Bandon 3,066       15.3% 54.7% 30.0% 53.4 92.6% 2.01 92.3% 14.6% 1,860       78.8% 21.2% 36.5% 10.6%

Brookings Curry 22,364      15.7% 56.3% 28.0% 53.5 92.0% 2.12 90.8% 13.7% 12,613      82.6% 17.4% 25.4% 9.0%
Port Orford 1,133       11.8% 59.4% 28.8% 54.7 93.3% 1.86 87.4% 27.4% 767          78.6% 21.4% 25.8% 10.2%
Gold Beach 2,253       16.5% 60.8% 22.7% 50.6 91.5% 2.05 88.0% 14.7% 1,322       80.9% 19.1% 33.0% 7.4%
Brookings 6,336       21.1% 54.7% 24.2% 46.9 92.2% 2.26 90.4% 8.0% 3,183       85.4% 14.6% 38.9% 6.9%

Notes:  1.  The coastwide median age is estimated using average (weighted on total population) of the median age in the shown counties.
2. A “white” person is identified as a single race (white alone) with origins in any of the original peoples of Europe, the Middle East, or North Africa.
3. Income characteristics are from ACS based on 2008-2012 aggregations in 2012 dollars.
4. Cities are selected for proximity to ocean access harbors where commercial and recreational fishing occurs.
5. Poverty thresholds based on family status.  Example poverty threshold for a two children and two adult family is about 50 percent median income.

Sources:   Decennial Census 2010, and ACS aggregations for 2008-2012.  
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Table 4.2. Economic Contributions from Commercial Nearshore and Other Fisheries by Port Groups in 
2014 

Fishery
Groundfish Subtotal Fish Distant

Port Group Nearshore Total Salmon D. Crab P. Shrimp A. Tuna P. Whiting Other Landed Meal Water Total
Astoria 0.43 16.0 9.6 15.2 8.8 5.7 29.3 14.0 98.6 2.8 35.9 137.2
Tillamook 0.25 0.3 1.4 2.8 - 0.4 - 0.5 5.4 - 5.2 10.7
Newport 0.12 6.7 7.0 22.6 15.5 6.1 21.6 2.4 82.0 - 110.4 192.4
Coos Bay 0.15 5.8 8.8 22.5 17.8 5.4 0.0 2.2 62.6 - 6.3 68.9
Port Orford 0.63
Brookings 0.35 6.2 2.7 5.7 2.2 0.4 0.0 0.5 17.5 - 1.8 19.3
Coast Total 1.94 35.0 29.6 68.8 44.3 18.0 50.9 19.6 266.1 2.8 159.5 428.4
State Level 2.50 36.0 30.6 69.6 49.2 18.8 56.8 21.2 282.2 3.7 261.3 547.2

Notes:   1.  Economic contributions are expressed as personal income in millions of 2014 dollars.
2. Economic contributions are calculated with the Fisheries Economic Assessment Model (FEAM)

originally developed by Hans Radtke and William Jensen for the West Coast Fisheries Development 
Foundation in 1988.  The estimates include direct, indirect, and induced impacts, therefore include 
"multiplier effects."

3. The economic contributions at the port group area level do not sum to the statewide level because of
trade leakages to the larger economy.  The sum of distant water fisheries economic contribution in 
coastal communities has the additional consideration that some of the revenue is returned to Willamette 
Valley and Eastern Oregon communities, so is only reflected in the State economy.

4. The nearshore groundfish economic contributions at the state level include black and blue rockfish ($1.0
million), greenling ($0.2 million), cabezon ($0.2 million), lingcod ($0.9 million), and other rockfish species 
($0.1 million).

5. The species group "other" in the most recent year includes economic contributions at the state level for
sardines ($14 million), halibut ($2 million), sea urchins ($0.4 million), and many other fisheries.

6. The economic contribution from distant water fisheries includes the effects of vessel revenue returned to
Oregon's economy from U.S. West Coast at-sea fisheries, Oregon home-port vessels landing in other 
U.S. West Coast states and Alaska, southern Pacific Ocean, and other fisheries. New fishing vessel 
construction, fishery management, and fishery research and training are not included.

7. The economic contributions for areas listed include smaller ports:  Astoria area includes all Columbia
River; Tillamook area includes Pacific City; Newport area includes Depoe Bay; Coos Bay area includes 
Florence, Reedsport and Bandon; Brookings area includes Gold Beach.

Source:  Study and TRG (2015).
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Table 4.3. Ocean and Inland Recreational Fisheries Trips (in thousands of anglers) from 2007 to 2012. 
Note that the Lower Columbia River mainstem spring/summer Chinook fishery includes trips in off-
channel areas. Coast estuary other marine species trips most complete recent year available from 
RecFIN is for year 2002.  The counts include trips when anadromous fish are the target species.  The 
anadromous fish trips in 2002 based on data for "bay" waterway segments are subtracted from the 
RecFIN derived trip data in order to avoid double counting.  It is assumed that other marine species 
trip counts after the subtraction do not change from 2002 in subsequent years.  Lower Columbia River 
estuary other marine trips only available from Marine Recreational Fisheries Statistical Survey 
(MRFSS) data ending in Year 1999.  The 1997 to 1999 three year average was assumed the trip count 
for subsequent years. Coast freshwater fisheries data was only available up to 2011.  It is assumed trip 
counts do not change for 2012 (Source: TRG 2013). 

Target Fishery 2007 2008 2009 2010 2011 2012
Ocean

Salmon 88.3 30.4 84.5 53.3 48.8 67.3
Halibut 18.0 17.5 10.8 13.8 16.5 18.0
Tuna 12.1 7.1 10.4 11.4 10.8 16.0
Bottomfish 60.8 64.8 64.0 71.3 69.2 69.9
Subtotal ocean 179.1 119.9 169.6 149.7 145.3 171.2

Coast estuary and freshwater
Fall salmon 199.5 154.0 253.1 305.5 525.6 525.6
Spr./sum. Chinook 25.9 25.3 39.4 77.8 86.0 86.0
Freshwater steelhead 107.5 79.0 79.9 104.4 84.7 84.7
Other marine species 94.2 94.2 94.2 94.2 94.2 94.2
Sturgeon 5.9 5.4 5.3 2.3 2.9 2.9
Subtotal Coast 433.1 358.0 471.9 584.2 793.4 793.4

Lower Columbia River
Mainstem fall salmon/steelhead 20.9 19.2 41.3 31.0 31.8 41.6
Mainstem spr./sum. Chinook 11.5 6.0 10.3 25.5 8.8 8.5
Tributary fall salmon/steelhead 10.3 13.4 16.0 13.4 9.4 9.3
Other marine species 1.7 1.7 1.7 1.7 1.7 1.7
Sturgeon 21.2 20.7 22.7 16.4 11.7 8.9
Subtotal Lower Columbia River 65.5 61.0 91.9 87.9 63.3 69.9

Total 677.7 538.8 733.4 821.9 1,002.0 1,034.5
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Table 4.4. Ocean and Inland Recreational Fisheries Economic Contributions in 2012. Economic 
contributions are expressed as personal income in millions of 2012 dollars and are at the coastwide 
economic level. Fall Columbia River mainstem salmon is sometimes referred to as the Buoy 10 salmon 
fishery. Other marine species is sometimes referred to as bottomfishing when it takes place in the 
ocean (Source: TRG 2013). 

Table 4.5. Civilian Employment by Occupation. 

Target Fishery

Ocean salmon
Inland fall salmon
Inland steelhead
Inland spr./sum. Chinook
Mainstem fall salmon
Ocean halibut
Ocean tuna
Ocean bottomfish
Other marine species
Sturgeon

Total
Shares

Location
Coast Inland Lower

Salmon/ Marine Columbia Fishery
Ocean Steelhead Species River Total Share

$3.26 $3.26 6.6%
$23.47 $0.33 $23.79 48.1%
$3.78 $0.10 $3.88 7.8%
$3.84 $0.37 $4.21 8.5%

$1.73 $1.73 3.5%
$1.63 $1.63 3.3%
$1.45 $1.45 2.9%
$6.59 $6.59 13.3%

$2.33 $0.03 $2.37 4.8%
$0.12 $0.44 $0.56 1.1%

$12.92 $31.09 $2.46 $3.00 $49.46 100.0%
26.1% 62.9% 5.0% 6.1% 100.0%

Clatsop Tillamook Lincoln Coos Curry
Oregon Coast County County County County County

Civilian employed population 16 years and over 1,736,894 78,766 16,779 10,374 19,870 23,722 8,021
Management, business, science, and arts 37% 28% 28% 27% 28% 28% 26%
Service 18% 23% 24% 19% 24% 23% 23%
Sales and office 24% 25% 23% 23% 27% 24% 28%
Natural resources, construction, and maint. 9% 12% 12% 14% 10% 12% 12%
Production, transportation, and material moving 12% 13% 14% 16% 10% 13% 10%

Notes:  1.  Includes civilian employed population 16 years and over.
2. Coast includes Clatsop, Tillamook, Lincoln, Coos, and Curry Counties.

Source:  American Community Survey (ACS) 2009-2013 estimates.
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Table 4.6. Civilian Employment by Industry. 

Table 4.7. Total Full-Time and Part-Time Employment (Number of Jobs) in 2004 to 2013 

Clatsop Tillamook Lincoln Coos Curry
Oregon Coast County County County County County

Civilian employed population 16 years and over 1,736,894 78,766 16,779 10,374 19,870 23,722 8,021
Agr., forestry, fishing and hunting, and mining 3% 5% 5% 10% 3% 5% 5%
Construction 6% 7% 7% 8% 7% 6% 7%
Manufacturing 11% 8% 9% 10% 6% 8% 7%
Wholesale trade 3% 2% 2% 1% 1% 2% 1%
Retail trade 12% 14% 13% 12% 16% 15% 13%
Transportation and warehousing, and utilities 4% 5% 4% 7% 4% 5% 5%
Information 2% 2% 1% 1% 2% 2% 2%
Finance+insurance, real estate+rental+leasing 6% 5% 6% 5% 5% 4% 5%
Professional, sci., mgmt., and admin.+waste m 10% 7% 8% 5% 8% 8% 5%
Education services, health care and social ass. 23% 19% 19% 17% 17% 22% 20%
Arts, entertain., rec., and accommodation+food 10% 15% 17% 13% 19% 12% 15%
Other services, except public administration 5% 5% 4% 4% 5% 5% 7%
Public administration 5% 7% 6% 6% 6% 7% 9%

Notes:  1.  Includes civilian employed population 16 years and over.
2. Coast includes Clatsop, Tillamook, Lincoln, Coos, and Curry Counties.

Source:  American Community Survey (ACS) 2009-2013 estimates.

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Oregon 2,138,888 2,200,655 2,262,100 2,310,797 2,301,983 2,202,030 2,172,448 2,202,269 2,221,495 2,265,005
Coast 103,683 106,214 107,869 109,558 108,281 104,131 102,611 101,847 101,335 102,812
Clatsop 22,251 22,806 23,319 24,223 24,593 23,723 23,441 23,324 23,443 23,700
Tillamook 12,886 13,156 13,451 13,751 13,515 13,231 13,173 12,927 12,602 12,962
Lincoln 25,596 26,159 26,572 27,070 26,968 25,967 25,509 25,105 25,113 25,434
Coos 31,862 32,757 33,118 33,036 32,104 30,598 30,096 30,295 29,894 30,289
Curry 11,088 11,336 11,409 11,478 11,101 10,612 10,392 10,196 10,283 10,427

Notes:  1.  People holding more than one job are counted for each job they hold.
Source:  U.S. Bureau of Economic Analysis.
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Figure 4.5. Port Groups and Fishery Management Zones (Source: Ocean and Coastal Program, Oregon 
Department of Land Conservation and Development). 
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Figure 4.6. Recreational Angler Days for the Study Selected Fisheries in 1995 to 2012. Angler days are 
included when the fishing trip occurs in the ocean, inland marine areas (estuaries), and when the trip 
purpose is for certain species in coastal area freshwater locations.  The ocean fisheries are separated 
by trip purpose being for salmon and bottomfish.  If the trip purpose is for a combination of salmon 
and bottomfish, then it is classified as a salmon trip.  The bottomfish fishery includes halibut and tuna 
trips.  The only trips included at freshwater locations are when the trip purpose is for anadromous fish 
(Chinook and coho salmon, steelhead, and sturgeon).  The freshwater locations are at locations 
approximated for being west of the Coast Range crest. There are gaps in data for the included 
fisheries.  Coast inland freshwater trips repeat 2011 for 2012.  Lower Columbia River mainstem 
salmon and steelhead trips are in the Columbia River Section 10 zone and include the popular fall 
Buoy 10 fishery for 1995 to 2012.  Coast inland other marine species trips are only available for 1995 
to 2002, with 2003 to present estimated by 2002.  Coast estuary other marine species trips most 
complete recent year available from the Recreational Fisheries Information Network (RecFIN) is for 
year 2002.  The counts include trips when anadromous fish are the target species.  The anadromous 
fish trips in 2002 based on data for "bay" waterway segments are subtracted from the RecFIN derived 
trip data in order to avoid double counting.  It is assumed that other marine species trip counts after 
the subtraction do not change from 2002 in subsequent years.  Lower Columbia River other marine 
species trips are only shown for 1995 to 1999, with 2000 to present estimated by 1997-1999 average 
(Source: TRG 2013). 
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Figure 4.7. Recreational Ocean and Inland Fisheries Economic Contributions in 2012. Note that ODFW 
data is 2011, June 2013 extraction (TRG 2013). 

$3.26

$23.47

$3.84

$3.78

$6.59
$2.33

$1.45
$1.63

$0.12

$0

$5

$10

$15

$20

$25

$30

$35

Ocean Salmon Ocean Non-
Salmon Species

Coast Inland
Salmon/Steelhead

Coast Inland
Marine Species

Lower Columbia
River

E
co

no
m

ic
 C

on
tri

bu
tio

ns
 (

m
ill

io
ns

 o
f 2

01
2 

do
lla

rs
)

Fall salmon/steelhead Spr./sum. Chinook Steelhead
Other marine species Tuna Halibut
Sturgeon Fall salmon

Fall 
Chinook/
coho

Spr./sum.
Chinook

Halibut

Sturgeon

Other 
bottom-
fishing,
dive

Sturgeon 
$0.44

Fall mainstem 
salmon $1.73

Other
All 
salmon

Tuna

Other 
marine 
$0.03

Spr./sum.
Chinook 
$0.37

Tributary
salmon/
steelhead
$0.43

Steelhead

Total Sport Economic  
Contributions $49.5 million 

ONS 43



Oregon Nearshore Strategy - Draft Final for Commission - September 2015 (last updated 8/12/15) 

Figure 4.8. Oregon Coast visitor activities. Note that frequencies cannot be added because they are 
from a multiple response type question. Activities reported with less than one percent are:  tennis, 
diving, water skiing, and windsurfing/sailing (Source: Rettig 1989). 

Figure 4.9. Participation in coastal activities as a percent of all survey respondents. Activities not 
reported in this figure with less than one percent are:  skim boarding, kayaking, personal watercraft 
(e.g., jetskis) , kite boarding, free diving/snorkeling, SCUBA diving, sail boating, windsurfing, hang-
gliding/parasailing, spear fishing or diving for abalone,  and tow-in surfing; Source: LaFranchi and 
Daugherty 2011). 
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Figure 4.10. Sources of personal income to coastal counties, Oregon, and U.S. in 2012 (Source:  U.S. 
Bureau of Economic Analysis). 

Figure 4.11. Coastal Counties Total Personal Income in 2003 and 2012. Adjustment to 2012 dollars 
made with the GDP price deflator developed by the U.S. Bureau of Economic Analysis (Source: U.S. 
Bureau of Economic Analysis). 
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Figure 4.12. Coastwide and Statewide Per Capita Total Personal Income and Coastwide Total 
Personal Income in 1995 to 2013. Per capita total personal income (thousands) adjusted to 
2014 dollars using the GDP price deflator developed by the U.S. Bureau of Economic Analysis. 
Coast includes Clatsop, Tillamook, Lincoln, Coos, and Curry Counties. Source:  U.S. Bureau of 
Economic Analysis, CA1-3 personal income summary, downloaded March 2015. 

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

20

25

30

35

40

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

To
ta

l P
er

so
na

l 
In

co
m

e 
(m

ill
io

ns
)

P
er

 C
ap

ita
 I

nc
om

e 
(th

ou
sa

nd
s)

Coast per capita

Oregon per capita

Coast total

ONS 46



Oregon Nearshore Strategy - Draft Final for Commission - September 2015 (last updated 8/12/15) 

5. NEARSHORE SPECIES
Species that are key to ecosystem function and health are at the heart of the State Wildlife Grants 
program. The program (discussed in Chapter 2) specifies inclusion of a Strategy Species list, and directs 
Conservation Strategies to: 

• address the full array of wildlife and wildlife related issues,
• prevent species from being listed as threatened or endangered,
• keep common species common, and
• focus on species in greatest need of management attention that are indicative of the diversity and

health of the State’s wildlife and habitats.

The original Oregon Conservation Strategy and Nearshore Strategy documents each contained a 
separate list of Strategy Species to focus management and conservation needs in accordance with the 
guidelines of the State Wildlife Grants program. In this revision, these two lists are merged into one that 
will be included in the Oregon Conservation Strategy. The Nearshore Strategy revision will also include a 
Strategy Species list, with the subset of species relevant just to the nearshore. This chapter describes the 
process and criteria used in developing the list of nearshore Strategy Species, and provides information 
about those species.  

The State Wildlife Grant elements helped guide ODFW in developing a method to identify key nearshore 
species whose conservation needs are of the greatest interest to managers. This led to the development 
of two lists: 1) Strategy Species (those species of the greatest concern and which meet the State Wildlife 
Grants Program requirements for State Wildlife Action Plans), and 2) Watch List Species (those that do 
not meet the Strategy Species criteria, but which may in the future when sufficient data is available to 
make that determination). A third list, the Commonly Associated Species, includes common nearshore 
species whose conservation needs can best be met through habitat management or through 
management of communities of organisms.  

Species information was used in conjunction with information about the habitats (Chapter 6), factors 
and stressors affecting species and habitats (Chapter 7), conservation research and monitoring needs 
(Chapter 8) and public input (Chapter 3) to formulate overall recommendations (presented in Chapter 
9).  

Strategy Species - Species determined to have conservation needs in greatest need of management 
attention and to have the greatest potential for benefit from management actions.  Strategy Species 
provide a focus for planning and prioritizing specific conservation, management, and research actions by 
ODFW and other partners. 

Watch List Species - Identified as important nearshore species that do not require immediate 
management action, but may in the future.  Managers should be aware of conservation needs and 
potential factors affecting these species and that sufficient data for these species may be lacking. 

Commonly Associated Species – Species identified to be important to nearshore environments, whose 
conservation needs can best be met through management affecting habitats or communities of 
organisms. 
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Nearshore Strategy Species 

Strategy Species are nearshore species determined by ODFW to be in greatest need of management 
attention.  Identification as a Strategy Species does not necessarily mean the species is in trouble.  
Rather, those identified as Strategy Species have some significant nearshore management and/or 
conservation issue connected to that species that is of interest to resource managers. 

Development of the 2015 Strategy Species list began with a review of the original list of Strategy Species 
developed a decade ago, including species that utilize the nearshore but that had only been included in 
the Oregon Conservation Strategy. The species that were still recognized as species of concern, at risk, 
important, or a priority by federal or state agencies, stakeholders, experts, non-government 
organizations, scientific researchers, tribes or other conservation processes were included on the 
revised list.  In addition, a comprehensive list of species that occur in the nearshore was evaluated for 
potential new additions to the Strategy Species list. To maintain a nearshore ecosystem focus, attention 
was focused on both harvested and non-harvested species that predominantly occur, or are common, 
within Oregon’s nearshore environment.  

To assist with the identification of Strategy Species, the following information was compiled from 
published literature, available online data, scientific databases, and personal communication from 
experts, for each species on the list: 

• taxonomic information
• distribution, including species geographic range and depth
• harvest/collection information, including sector(s) (commercial, sport, aquarium trade, and/or

scientific/medical research) and whether targeted or incidental catch
• life history information, including mode of reproduction, fecundity, timing of reproduction, timing of

egg/larval/juvenile stages, longevity, age at maturity, and migratory behavior or seasonal
distribution

• habitat use for each life history stage
• trophic interactions, including prey, predators, and competition
• population status information, including whether a population assessment has been conducted,

listed as overharvested, listed as a threatened or endangered species, whether species has
experienced a population decline, whether the species is rare, has small range or is endemic, if
species has specialized habitat requirements, and if the species has low productivity.

This information was used to help examine the conservation needs of each species with regards to four 
separate criteria (each weighted equally). Each species was evaluated for each of these four criteria to 
identify those species in greatest need of management attention: 

1) Species status - examples of species status include overharvested, rare, declining population
throughout its range or in Oregon.

2) Ecological importance - examples of ecological importance include habitat forming, habitat
engineer, keystone species, prey species.

3) Vulnerability to human or natural factors - examples of vulnerability include susceptible to oil spills
or water pollution, life history traits render it particularly vulnerable (low productivity, specialized
habitat requirements, climate change or ocean acidification effects, etc.), or there are significant
data gaps or research needs on vulnerability for that species.
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4) Economic/social/cultural importance - examples of importance to humans include commercially
important, recreationally important, culturally important to Oregon tribes, flagship or sentinel
species.

Those species whose conservation needs were determined to best be met through existing 
management affecting habitats or communities of organisms were separated from the list.  Through 
extensive examination, deliberation, and consultation with subject matter experts, 73 species were 
identified as nearshore Strategy Species.  These species, or distinct populations, were determined to 
have conservation needs in greatest need of management attention and to have the greatest potential 
for benefit from management actions. Changes to the nearshore Strategy Species list include: one 
marine mammal was removed and three species of fishes were moved to the Watch List; 15 Strategy 
Species, five anadromous fishes and ten birds, already identified in the Oregon Conservation Strategy 
that utilize nearshore habitats were included; and nine new species were added.  The nine new Strategy 
Species added include: three fishes, one of which is a newly discovered species; four invertebrates; one 
marine mammal; and one plant.  

Table 5.1 presents the list of all 73 nearshore Strategy Species, including notes on special needs, limiting 
factors, data gaps and conservation actions for each species.  This information is provided for use by 
managers, research and monitoring projects or programs, those producing education and outreach 
materials, planners, and the general public.  Readers should note that the management jurisdiction 
varies for each species.  For instance, some Strategy Species are managed by ODFW, others by NOAA 
Fisheries or USFWS, and many species are under shared management authority by multiple resource 
agencies and institutions. 
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Table 5.1. List of Nearshore Strategy Species 

Birds 
Species Special Needs Limiting Factors Data Gaps Conservation Actions 

Black Brant       
(Branta bernicla nigricans) 

Wintering birds in 
Oregon need eelgrass 
and sea lettuce beds for 
foraging in areas with 
limited human 
disturbance. Estuaries 
with eelgrass are the 
primary habitat in 
Oregon. 

Small and declining 
wintering population. Loss 
and degradation of 
eelgrass beds. High 
vulnerability to oil spills. 

Impact of human 
disturbance on and 
foraging; wintering 
ecology. Effects of 
habitat quality at spring 
staging sites on 
reproductive fitness and 
success; historic and 
current abundance of 
submerged aquatic 
vegetation in Oregon’s 
primary estuaries. 

Maintain existing eelgrass 
beds from degradation 
and human disturbance.  
Restore eelgrass beds to 
enhance quality and 
quantity; work with 
partners in Pacific Flyway 
Council to manage sport 
harvest timing and/or 
levels to minimize 
impacts to wintering 
populations. 

Black Oystercatcher       
(Haematopus bachmani) 

Rocky coastal habitats 
with sufficient intertidal 
invertebrate prey and 
minimal disturbance or 
ground predators.  

Small breeding 
population. Suitable 
habitat that remains 
relatively disturbance-free 
during the nesting period. 
Successful nesting in 
Oregon may be limited to 
islands where ground 
predators, egg 
depredation and 
disturbance are limited or 
absent. Highly susceptible 
to oil spills that affect 
nesting and foraging 
habitat.  

Breeding/wintering 
population size; 
complete survey 
coverage on rocky 
shoreline and offshore 
islands is difficult to 
accomplish. Impacts of 
climate change (e.g., sea 
level rise) on breeding 
habitat. Connectivity of 
Oregon population to 
regional population. 

Limit disturbance in 
nesting and feeding 
areas. Take precautions 
to protect against oil 
spills.  
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Birds 
Species Special Needs Limiting Factors Data Gaps Conservation Actions 

California Brown Pelican  
(Pelecanus occidentalis 
californicus) 

Nearshore pelagic and 
estuarine habitat for 
foraging; offshore rocks 
and islands, inaccessible 
headland areas, sandy 
islands, and sand spits for 
roosting and nesting. 

Forage fish availability; 
high potential risk to oil 
spills  

Effects of human 
disturbance. Extent of 
nesting in Oregon. 
Impacts of marine 
renewable energy 
development. 

Ensure disturbance is 
minimized on roosting 
and nesting islands in the 
Lower Columbia River 
Estuary and along the 
Oregon coast. 

Caspian Tern       
(Hydroprogne caspia) 

Unvegetated nesting 
islands free of 
mammalian predators. 

Requires long-term 
availability of suitable 
nesting sites. Colonial-
nesting so vulnerable to 
random, human-induced 
or natural events. 

Predation levels on 
various runs of 
salmonids. Predation 
levels on fish species of 
concern in interior 
Oregon. 

The USFWS Status 
Assessment and 
Conservation 
Recommendations Plan 
provides information on 
appropriate conservation 
actions for this species. 
Protection of breeding 
colonies from human 
disturbance. 

Fork-tailed Storm Petrel   
(Oceanodroma furcata) 

Coastal islands with deep 
sandy soil for burrowing 
amid ground cover 
vegetation. 

Small population; 
vulnerable to predation 
from non-native and 
artificially abundant 
native predators; 
vulnerable to ingestion of 
plastic and oil due to 
surface foraging behavior. 

Population is not well 
documented. Breeding 
biology; foraging areas; 
impacts of light 
attraction at onshore and 
offshore energy facilities 
or other developments.  

Maintain existing closure 
of nesting areas to human 
visitation; continue 
implementing 
mammalian predator 
control at Oregon seabird 
colonies. Improve survey 
methods. Manage ocean 
and coastal development 
projects to monitor and 
minimize impacts. 
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Birds 
Species Special Needs Limiting Factors Data Gaps Conservation Actions 

Leach’s Storm Petrel      
(Oceanodroma leucorhoa) 

Coastal islands with deep 
sandy soil for burrowing 
and cover of Phalaris and 
Elymus grasses and other 
grass and forb species. 

Specialized nesting 
habitat; vulnerable to 
predation from non-native 
and artificially abundant 
native predators; 
vulnerable to ingestion of 
plastic and oil due to 
surface foraging behavior. 

Breeding biology; 
foraging areas, impacts 
of light attraction at 
onshore and offshore 
energy facilities or other 
developments.  

Maintain existing closure 
of nesting areas to human 
visitation; continue 
implementing 
mammalian predator 
control at Oregon seabird 
colonies. Improve survey 
methods. Manage ocean 
energy development to 
monitor and minimize 
impacts. 

Marbled Murrelet 
(Brachyramphus  marmoratus) 

Late-successional forest 
with specific nest tree 
characteristics.   

Reductions and 
modifications in late-
successional forests. Low 
reproductive output 
combined with low 
reproductive success. 
Habitat loss due to 
uncharacteristically severe 
fire in Klamath Mountain 
ecoregion. 

Effectiveness of 
protected forested 
nesting areas to species’ 
recovery; identify gaps 
and shortfalls. 
Knowledge and 
understanding of the 
dynamics of how 
predator populations are 
affected by habitat 
parameters and human 
uses (e.g. recreation). 
Role of isolation and/or 
fragmentation of nesting 
habitat with levels of 
nest predation. Minimum 
area requirements.   

Continue marine (at-sea) 
surveys to detect 
population changes in 
Oregon. Continue inland 
surveys to detect 
presence and nesting 
locations. Monitor 
impacts to nesting 
success. Advocate ocean 
energy development 
projects to monitor and 
minimize impacts. Lower 
predation rates by 
minimizing garbage at 
campgrounds near 
murrelet habitat. 
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Birds 
Species Special Needs Limiting Factors Data Gaps Conservation Actions 

Rock Sandpiper       
(Calidris ptilocnemis) 

Undisturbed, rocky 
coastal habitat with 
sufficient intertidal prey. 

Small migrant and 
wintering population in 
Oregon; regional declines 
noted in the past. High 
vulnerability to oil spills. 

Few systematic counts 
have been undertaken in 
winter; identify high 
priority wintering and 
migration locations.  
Impacts of human 
disturbance. 

Minimize disturbance at 
wintering and migration 
locations. Take 
precautions to protect 
against oil spills. 

Tufted Puffin         
(Fratercula cirrhata) 

Steep slopes and deep 
soil for burrowing on 
coastal islands and rocky 
headlands with minimal 
human or mammalian 
disturbance. 

Availability of habitat with 
nesting substrate (soil 
covered) is naturally 
limited in Oregon and 
vulnerable to impacts 
from humans and 
predators. High potential 
vulnerability to oil spills. 

Accurate population 
estimates; very difficult 
to survey this burrow-
nesting species. Reasons 
for perceived population 
decline need to be 
investigated. Impacts 
from marine renewable 
energy projects. 

Prevent introduction of 
ground predators and 
human disturbance near 
the nesting areas. 
Manage ocean energy 
development to minimize 
negative impacts. Take 
precautions to protect 
against oil spills. 

Western Snowy Plover 
(Charadrius alexandrinus 
nivosus) 

Coast Range and 
Nearshore - Sandy and 
sparsely vegetated 
shoreline above high tide 
for nesting habitat. Sandy 
beaches with intertidal 
areas for foraging. 
Northern Basin and 
Range - alkaline flats and 
salt pans associated with 
springs, seeps, or lake 
edges. 

Suitable habitat free from 
introduced European 
beach grass and ground 
and avian predators. 
Human disturbance is a 
major limitation to nesting 
success outside the 
currently protected areas. 

Population size, 
productivity, and fledging 
rates of interior 
populations.  

Recovery actions include 
habitat restoration; 
European beach grass 
removal; predator control 
and disturbance 
management. 
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Fishes 
Species Special Needs Limiting Factors Data Gaps Conservation Actions 

Big skate 
(Raja binoculata) 

Soft seafloor spawning 
habitat.  

Low productivity. Medium 
concern for vulnerability 
to potential overfishing 
based on productivity and 
susceptibility analysis. 

Population dynamics. 
Sensitivity and 
vulnerability to 
renewable energy 
development projects. 

Protect critical habitat. 
Manage for sustainable 
harvest. Gather 
information to fill data 
gaps. 

Black rockfish        
(Sebastes melanops) 

Rocky reefs; semi-pelagic; 
estuaries may be 
important nursery 
habitat. 

Periodic recruitment 
dependent on favorable 
conditions in a highly 
variable environment. 
High vulnerability 
potential for overfishing 
based on productivity and 
susceptibility analysis. 

Fishery independent 
population monitoring.  
Larval dispersal patterns, 
habitat associations and 
usage. Migration 
patterns. Genetic 
variation among stocks.  

Protect critical habitat. 
Manage for sustainable 
harvest. Gather 
information to fill data 
gaps.  

Blue rockfish          
(Sebastes mystinus) 

Rocky reefs; semi-pelagic. Periodic recruitment 
dependent on favorable 
conditions in a highly 
variable environment. 
High vulnerability 
potential for overfishing 
based on productivity and 
susceptibility analysis. 

Fishery independent 
population monitoring. 
Full stock assessment 
utilizing all available data. 
Update information on 
this species given the 
recognition in 2015 that 
previous information was 
gathered from two 
cryptic species. 

Protect critical habitat. 
Manage for sustainable 
harvest. Gather 
information to fill data 
gaps.  

Cabezon         
(Scorpaenichthys 
marmoratus) 

Rocky reefs. Potential for localized 
depletion. Population 
status is currently healthy, 
although declining.  

Reasons for recent low 
fishery commercial catch 
rates. Fishery 
independent population 
monitoring. 

Protect critical habitat. 
Manage for sustainable 
harvest. Gather 
information to fill data 
gaps.  
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Canary rockfish       
(Sebastes pinniger) 

Rocky reefs, semi-pelagic 
species; juveniles recruit 
to nearshore areas. 

Federally designated as an 
overfished species. 
Periodic recruitment 
dependent on favorable 
conditions in a highly 
variable environment. 
Low productivity. Fishery 
bycatch. 

The importance of 
juvenile life-stage 
nearshore habitat 
associations. 

Maintain conservative 
management strategy to 
rebuild populations. 
Protect critical habitat. 
Gather information to fill 
data gaps. 

China rockfish        
(Sebastes nebulosus) 

Rocky reefs. Periodic recruitment 
dependent on favorable 
conditions in a highly 
variable environment. 
Low productivity. Major 
concern for vulnerability 
to potential overfishing 
based on productivity and 
susceptibility analysis. 

Fishery independent 
population monitoring. 
Early life history and 
population status. 
Challenges with species-
specific aging 
methodology. Full age 
structured stock 
assessment with 
examination of stock 
structure along the west 
coast. 

Protect critical habitat. 
Manage for sustainable 
harvest. Gather 
information to fill data 
gaps. 
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Chinook salmon*          
(Oncorhynchus tshawytscha) 

Fall Run - Lower Columbia 
SMU, Mid –Columbia SMU, 
Snake SMU 
Spring/Summer Run – Coastal 
SMU, Rogue SMU, Lower 
Columbia SMU, Mid Columbia 
SMU,  Lower Snake SMU, 
Upper Snake SMU, Willamette 
SMU 

Require streams with 
clean gravel, complex 
habitat and cool 
temperatures for 
spawning and rearing. 
Require access for 
anadromous migration. 
Spring/Summer Run 
require cool, deep resting 
holes for holding over the 
summer. Productive 
nearshore marine habitat 
that provides high quality 
prey in sufficient quantity 
for rapid growth at time 
of ocean entry. 

Water quality. Alterations 
of hydrology and 
watershed function. Fish 
passage. Riparian 
condition. Marine 
survival.  

Continue ongoing 
monitoring of 
populations and 
conservation 
effectiveness. Especially 
in Blue Mountains: 
Abundance, distribution 
and productivity. 
Mechanisms affecting 
marine survival and 
spatial, temporal 
utilization of nearshore 
marine waters. 

Maintain or restore 
aquatic and riparian 
habitat. Continue ongoing 
restoration efforts 
involving landowners, 
tribes and agency 
partners (NOAA, NMFS, 
ODFW, OWEB). Manage 
for sustainable harvest. 

Chum salmon*        
(Oncorhynchus keta) 

Lower Columbia SMU; Coastal 
SMU 

Require stream gravel 
bars with upwelling flow 
and side channels near 
tidewaters for spawning. 
Migrate to ocean soon 
after emergence. 
Productive nearshore 
marine habitat that 
provides high quality 
prey in sufficient quantity 
for rapid growth at time 
of ocean entry. 

Alterations of hydrology 
and watershed function. 
Fish passage. Marine 
survival. Loss of estuarine 
habitat.  

Population dynamics. 
Population genetics. 
Distribution. (Lower 
Columbia SMU currently 
considered extinct; 
further survey work 
planned to determine 
status in Oregon). 
Distribution & abundance 
in OR marine waters. 

Maintain or restore 
aquatic, estuarine and 
riparian habitat. Continue 
ongoing restoration 
efforts involving 
landowners, tribes and 
agency partners (NOAA, 
NMFS, ODFW, OWEB). 
Manage for sustainable 
harvest. 

* Salmonids are listed by State Management Unit (SMU) all of which utilize the Nearshore environment. More detailed information about salmon species and
specific information about the SMUs and specific issues pertinent to other ecoregions are provided in the Oregon Conservation Strategy.    
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Coastal cutthroat trout*     
(Oncorhynchus clarki) 

Lower Columbia SMU 

Large woody debris, in-
stream structures and 
vegetation important for 
protection while in 
freshwater. Juveniles 
prefer side channels, 
backwaters or pools for 
rearing. Clean gravel for 
spawning and rearing. 
Migratory corridors. 

Habitat fragmentation or 
actions that increase 
population isolation. 
Water quality. Alterations 
of hydrology and 
watershed function.  Loss 
of estuarine habitat for 
rearing. Ocean 
productivity.  

Breeding and genetic 
relationships among 
different life history 
types. Abundance. 
Distribution. Population 
age composition 
estimates and trends. 
Marine waters 
distribution and 
mechanisms affecting 
marine survival.  

Maintain or restore 
aquatic, estuarine and 
riparian habitat, providing 
suitable water quality and 
habitat complexity. 
Continue ongoing 
restoration efforts 
involving landowners, 
tribes and agency 
partners (NOAA, NMFS, 
ODFW, OWEB). Reduce 
localized impacts where 
populations could 
become increasingly 
fragmented. 

* Salmonids are listed by State Management Unit (SMU) all of which utilize the environment. More detailed information about salmon species and specific
information about the SMUs and specific issues pertinent to other ecoregions are provided in the Oregon Conservation Strategy. 
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Coho salmon*        
(Oncorhynchus kisutch) 

Coastal SMU; Rouge SMU; 
Klamath SMU; Lower 
Columbia SMU 

Require streams with 
clean gravel, complex 
habitat and cool 
temperatures for 
spawning and rearing. 
Require access for 
anadromous migration. 
Productive nearshore 
marine habitat that 
provides high quality 
prey in sufficient quantity 
for rapid growth at time 
of ocean entry. 

Stream complexity. Water 
quality. Fish passage. 
Riparian condition. 
Alterations of hydrology 
and watershed function. 
Marine survival.  

Continue ongoing 
monitoring of 
populations and 
conservation 
effectiveness. 
Mechanisms that affect 
marine survival. 

Maintain or restore 
aquatic and riparian 
habitat. Continue ongoing 
restoration efforts 
involving landowners, 
tribes and agency 
partners (NOAA, NMFS, 
ODFW, OWEB). Manage 
for sustainable harvest. 

Copper rockfish         
(Sebastes caurinus) 

Rocky reefs.  Estuaries 
may be important 
nursery habitat. 

Periodic recruitment 
based on favorable 
conditions in a highly 
variable environment. 
Low productivity. Major 
concern for vulnerability 
to potential overfishing 
based on productivity and 
susceptibility analysis. 

Fishery independent 
population monitoring. 
Population abundance 
and stock delineation 
coast wide.   

Protect critical habitat. 
Manage for sustainable 
harvest. Gather 
information to fill data 
gaps.  

* Salmonids are listed by State Management Unit (SMU) all of which utilize the environment. More detailed information about salmon species and specific
information about the SMUs and specific issues pertinent to other ecoregions are provided in the Oregon Conservation Strategy. 
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Deacon rockfish          
(Sebastes diaconus) 

Note: See Frable et al., 2015 
for description of this newly 
discovered cryptic species  
formerly consider to be Blue 
rockfish 

Rocky reefs; semi-pelagic. Periodic recruitment 
dependent on favorable 
conditions in a highly 
variable environment. 
Likely high vulnerability 
potential for overfishing 
based on productivity and 
susceptibility analysis for 
similar species. 

Population status, trends, 
and stock delineation.  
Fishery independent 
population monitoring. 
Formally recognized as a 
species different from 
blue rockfish in 2015 so 
previous biological 
information is likely from 
sampling of both deacon 
rockfish and blue 
rockfish. 

Protect critical habitat. 
Incorporate new species 
into fishery management. 
Manage for sustainable 
harvest. Gather 
information to fill data 
gaps. 

Eulachon        
(Thaleichthys pacificus) 

Southern DPS 

Spawns primarily in rivers 
with significant spring 
snow melt.  Clean gravel 
needed for spawning and 
freshet flows to flush 
larvae to the estuary and 
ocean.  

Marine survival, altered 
river flows. Bycatch in 
ocean fisheries is a 
concern 

Life history and 
population dynamics. 
Diet and migration. 
Factors affecting marine 
survival. Movement 
patterns in marine 
waters. 

Use species-specific 
habitat requirements to 
guide management 
actions.  Minimize 
bycatch.  

Grass rockfish       
(Sebastes rastrelliger) 

Shallowest distribution of 
rockfish species, rocky 
reefs. 

Periodic recruitment 
dependent of favorable 
conditions in a highly 
variable environment. 
Low productivity. Medium 
concern for potential 
overfishing based on 
productivity and 
susceptibility analysis. 
Central Oregon is 
northern extent of range. 

Fishery independent 
population monitoring. 
Population status.  

Protect critical habitat. 
Gather information to fill 
data gaps. Manage for 
sustainable harvest. 
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Green sturgeon          
(Acipenser medirostris) 

Northern DPS; Southern DPS 

Anadromous species that 
spawns over areas with 
large rocks, cobble, and 
gravels in deep eddies or 
backflows, and near the 
head of pools in fresh 
water. Clean, cold water 
for proper embryonic 
development. Nearshore 
coastal waters and 
estuaries are also critical 
habitat. 

Long lived species with 
low productivity and 
relatively low population 
size.  Limited spawning 
habitat.  Predators include 
shark and marine 
mammals.  Water quality.  
Potentially dredging and 
ocean/estuarine energy 
projects. Harvest – 
Incidental catch by trawl 
in the ocean, salmon 
gillnet fisheries in the 
Columbia, recreational 
fisheries in bays, 
estuaries, and freshwater 
portion of the Rogue 
River, and poaching. 

Life history, migration, 
and diet of sub-adults 
and juveniles.  Juvenile 
habitat use and 
movements in the Rogue 
River, and 
subadult/juvenile 
movements and habitat 
use in estuaries and 
nearshore Recreational 
impacts.  

Use species-specific 
habitat requirements to 
guide management 
actions. Recommend 
recreation opportunities 
that will minimize 
disturbance. Minimize 
incidental catch and 
bycatch in fisheries 
(nearshore ocean, 
estuaries, and 
freshwater).  Ensure that 
development does not 
occur in habitats (space 
and time) that may result 
in negative impacts to 
green sturgeon. 

Kelp greenling     
(Hexagrammos 
decagrammus) 

Rocky reefs with suitable 
encrusting substrate for 
egg deposition. 

None identified. Fishery independent 
population monitoring. 
Current population 
abundance. Shoreline 
and estuary harvest 
levels. 

Protect critical habitat. 
Gather information to fill 
data gaps. Manage for 
sustainable harvest. 

Lingcod        
(Ophiodon elongatus) 

Rocky reefs, areas with 
currents and adequate 
dissolved oxygen for egg 
deposition and 
development. 

Habitat for egg deposition 
and development. 
Juvenile survival. 

Shoreline and estuary 
harvest levels. Factors 
affecting recruitment. 
Alternative methods to 
trawls for fishery 
independent population 
monitoring. Potential 
biases in aging. 

Protect critical habitat. 
Gather information to fill 
data gaps. Manage for 
sustainable harvest. 

ONS 60



Oregon Nearshore Strategy - Draft Final for Commission - September 2015 (last updated 8/12/15) 

 
 

Fishes 
 Species Special Needs Limiting Factors Data Gaps Conservation Actions 
Longfin smelt              
(Spirinchus thaleicthys) 

Anadromous fish that 
utilizes estuaries and 
coastal waters but 
spawns in freshwater 
rivers. Life cycle requires 
estuarine conditions. 
Only known to occur in 
waters near Columbia 
River, Yaquina Bay, and 
Coos Bay in Oregon and 
those estuaries and 
rivers. 

Suitable habitat.  Population status and 
trends. Potential for 
entrainment in offshore 
or estuarine energy 
development projects. 

Protect critical habitat. 
Monitor populations at 
index sites. Gather 
information to fill data 
gaps. Utilize adaptive 
management practices 
based on findings. Federal 
and state forage fish 
fishery management plan 

Northern anchovy         
(Engraulis mordax) 

Pelagic forage fish 
commonly found in 
nearshore waters and 
estuaries. 

Subject to large 
population fluctuations. 

Northern subpopulation 
abundance and status. 
Mechanisms driving 
population fluctuations. 

Protect critical habitat. 
Gather information to fill 
data gaps. Manage for 
sustainable harvest. 

Pacific herring                   
(Clupea pallasii) 

Estuary spawning habitat. Specialized spawning 
habitat requirements.  

Population status. 
Growth information. 
Mechanisms driving 
population fluctuations.  

Continue research efforts 
and monitor populations. 
Manage for sustainable 
harvest. 
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Pacific lamprey         
(Entosphenus tridentatus) 

May aggregate in high 
densities. Requires fine 
gravel beds for spawning. 
Larvae burrow in fine 
sediment. Timing of 
development closely 
linked to water 
temperature. Adequate 
food availability during 
adult marine feeding 
stage of life history. 
Migration to oceans may 
depend on sustained 
inflow from flooding or 
snowmelt 

Reduced water quality. 
Passage barriers. Altered 
flow patterns. Dredging. 
Rapid water draw-downs. 
Marine survival.  

Status; population 
delineation; limiting 
factor analysis (includes 
passage); restoration 
actions; biology; 
population dynamics 
(prioritized by Lamprey 
Workgroup in 2005). The 
marine ecology of the 
adult feeding lifestage, 
the effects of host 
abundance and oceanic 
productivity on Pacific 
lamprey population 
dynamics. 

Improve passage. Alter 
timing of water draw-
down. Use species-
specific habitat 
requirements to guide 
management actions. See 
results of Lamprey 
Workgroup 2005 for 
strategies. Fill data gaps 
on marine life history, 
including migration 
needs. Use results to 
inform water 
management at storage 
facilities. 

Pacific sand lance     
(Ammodytes hexapterus) 

Sandy or fine gravel 
substrates in intertidal 
and shallow subtidal 
areas. 

Suitable spawning habitat, 
favorable food resources 
associated with ocean 
productivity. 

Population status and 
trends. Mechanisms 
driving population 
fluctuations. 

Protect critical habitat. 
Monitor population 
abundance at index sites. 
Federal and state forage 
fish fishery management 
plan 

Pile perch         
(Rhacochilus vacca) 

Rocky shores; around 
kelp, pilings and 
underwater structures. 
Estuaries may be 
important spawning 
areas. 

Low productivity. Population abundance 
and status. Unknown 
habitat associations for 
some life history stages. 
Shoreline and estuary 
harvest levels. 

Protect critical habitat. 
Gather information to fill 
data gaps. 
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Quillback rockfish    
(Sebastes maliger) 

Rocky reefs. Periodic recruitment 
dependent on favorable 
conditions in a highly 
variable environment. 
Low productivity. Major 
concern for vulnerability 
to potential overfishing 
based on productivity and 
susceptibility analysis. 

Fishery independent 
population monitoring. 
Population abundance 
and status.  

Protect critical habitat. 
Gather information to fill 
data gaps. Manage for 
sustainable harvest. 

Redtail surfperch       
(Amphistichus rhodoterus) 

Estuaries and sandy 
surfzone. 

Low productivity. Population status. 
Unknown habitat 
associations for some life 
history stages. 

Protect critical habitat. 
Gather information to fill 
data gaps. Manage for 
sustainable harvest. 

Rock greenling         
(Hexagrammos lagocephalus) 

Subtidal algal beds and 
rocky reefs during  
spawning  

None identified. Life-history information 
(age, growth and 
reproductive patterns) 
and population status.  
Fishery independent 
surveys. Shoreline and 
estuary harvest levels.  

Protect critical habitat. 
Gather information to fill 
data gaps. 

Shiner perch         
(Cymatogaster aggregata) 

Shallow, nearshore 
spawning habitat. 

Low productivity. Population status. 
Habitat associations 
among all life stages. 

Protect critical habitat. 
Gather information to fill 
data gaps 

Spiny dogfish       
(Squalus acanthias) 

Juveniles often feed in 
nearshore waters. 

Low productivity with late 
female maturity and low 
fecundity. High concern 
for vulnerability to 
overfishing based on 
productivity and 
susceptibility analysis.  

Migration patterns. 
Sensitivity and 
vulnerability to 
renewable energy 
developments. 

Manage for sustainable 
harvest. Gather 
information to fill data 
gaps. 
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Starry flounder        
(Platichthys stellatus) 

Juveniles found in 
nearshore fresh or 
brackish waters, or soft, 
shallow coastal 
substrates. 

Healthy stock status, but 
declining Northern stock 
populations. 

Possible localized 
depletion. Reasons for 
population declines in 
estuaries. 

Protect critical habitat. 
Gather information to fill 
data gaps. 

Striped perch        
(Embiotoca  lateralis) 

Shallow water rocky 
habitat.  

Low productivity. Population status. Shore 
and estuary harvest 
levels. Climatic impacts 
on species distribution. 

Protect critical habitat. 
Gather information to fill 
data gaps. 

Surf smelt       
(Hypomesus pretiosus) 

Intertidal spawning 
habitat on beaches. 

Localized population 
ranges and spawning 
habitat. 

Population abundance in 
Oregon unknown. 

Federal and state forage 
fish fishery management 
plan. 

Tiger rockfish          
(Sebastes nigrocinctus) 

Rocky reefs. Periodic recruitment 
dependent on favorable 
conditions in a highly 
variable environment. 
Low productivity. Major 
concern for vulnerability 
to potential overfishing 
based on productivity and 
susceptibility analysis. 

Fishery independent 
population monitoring. 
Population abundance 
and status.  

Protect critical habitat. 
Gather information to fill 
data gaps. Manage for 
sustainable harvest. 

Topsmelt       
(Atherinops affinis) 

Specialized spawning 
habitat in shallow waters 
with vegetation for eggs 
to adhere to. 

Vulnerable spawning 
habitat.  

Migratory patterns. Federal and state forage 
fish fishery management 
plan 
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Vermilion rockfish    
(Sebastes miniatus) 

Rocky reefs. Periodic recruitment 
dependent on favorable 
conditions in a highly 
variable environment. 
Low productivity. Major 
concern for vulnerability 
to potential overfishing 
based on productivity and 
susceptibility analysis. 

Fishery independent 
population monitoring. 
Population abundance 
and status. Life stage 
habitat associations 
Connectivity between 
OR/CA populations. 

Protect critical habitat. 
Gather information to fill 
data gaps. Manage for 
sustainable harvest. 

White sturgeon       
(Acipenser transmontanus) 

Nearshore coastal waters 
and estuaries are 
essential habitat. 

Long lived species with 
low productivity and 
relatively low population 
size.  Predators include 
shark and marine 
mammals.  Potentially 
dredging and 
ocean/estuarine energy 
projects. Harvest – 
Incidental catch by trawl 
in the ocean, salmon 
gillnet fisheries in the 
Columbia River, 
recreational fisheries in 
bays and estuaries. 

Life history, migration, 
and diet of sub-adults 
and juveniles.  
Movements and habitat 
use in estuaries and 
nearshore. Relative 
importance of 
recreational fisheries 
impacts to non-fisheries 
impacts.  

Use species-specific 
habitat requirements to 
guide management 
actions.  Minimize 
incidental catch and 
bycatch in fisheries 
(nearshore ocean, 
estuaries, and 
freshwater).  Ensure that 
development does not 
occur in habitats (space 
and time) that may result 
in negative impacts. 

Wolf-eel        
(Anarrhichthys ocellatus) 

Benthic, rocky, subtidal 
habitat for 
adult/reproductive life 
history phase. 

Thought to pair for life. Population abundance 
and status.  

Protect critical habitat. 
Gather information to fill 
data gaps. 
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Yelloweye rockfish      
(Sebastes ruberrimus) 

Rocky reefs. Periodic recruitment 
dependent on favorable 
conditions in a highly 
variable environment. 
Low productivity. Major 
concern for vulnerability 
to potential overfishing 
based on productivity and 
susceptibility analysis. 

Fishery independent 
population monitoring.  
Population abundance in 
relation to management 
measures. The 
importance of juvenile 
life-stage nearshore 
habitat associations. 

Protect critical habitat. 
Gather information to fill 
data gaps. Reduce 
bycatch mortality through 
use of descending 
devices. 

Yellowtail rockfish  
(Sebastes flavidus) 

Pelagic species. Juveniles 
recruit to nearshore 
waters, and occasionally 
estuaries. 

Periodic recruitment 
dependent on favorable 
conditions in a highly 
variable environment. 
Low productivity. Medium 
concern for vulnerability 
to potential overfishing 
based on productivity and 
susceptibility analysis. 

The importance of 
juvenile life-stage 
nearshore habitat 
associations.  

Gather information to fill 
data gaps. Manage for 
sustainable harvest. 

Invertebrates 
Species Special Needs Limiting Factors Data Gaps Conservation Actions 

Blue mud shrimp          
(Upogebia pugettensis) 

Limited specialized 
habitat available only in 
estuaries. 

Non-native parasitic 
isopod inhibits 
reproduction. 

Information about spatial 
extent, densities, 
size/age structure, and 
recruitment. 

Monitor status of 
burrowing shrimp 
populations at index sites. 
Gather information to fill 
data gaps. Adapt 
management to findings. 
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California mussel        
(Mytilus californianus) 

Only occurs in rocky 
intertidal and shallow 
subtidal habitat. 

Larval supplies, episodic 
recruitment. 

Relationships between 
ocean drivers and 
settlement/recruitment. 

Monitor status of 
populations at index sites. 
Gather information to fill 
data gaps. Manage for 
sustainable harvest. 

Dungeness crab      
(Cancer magister) 

Sandy bottoms in 
subtidal habitat. 

Larval supplies, episodic 
recruitment, availability of 
mates. 

Information about 
recruitment events is 
lacking, and mortality 
estimates for juveniles / 
sub-adults /females 
caught but not retained 
by the commercial & 
sport fisheries. 

Monitor status of 
populations at index sites. 
Gather information to fill 
data gaps. Manage for 
sustainable harvest. 

Flat abalone         
(Haliotis walallensis) 

Only occurs in rocky 
shallow subtidal habitat, 
geographic range limited 
to area between 
northern California and 
Washington 

Adequate density for 
successful broadcast 
spawning. Short-term yolk 
dependent larvae. 
Infrequent recruitment. 

Spatial distribution and 
abundance in shallow 
subtidal habitats. 

Monitor status of 
populations at index sites. 
Gather information to fill 
data gaps.  

Native littleneck clam   
(Leukoma staminea) 

Occurs in cobbly 
intertidal and shallow 
subtidal habitat 

Larval supplies, episodic 
recruitment 

Information about 
historic abundance and 
distribution, and current 
spatial extent, densities, 
size/age structure, and 
recruitment 

Monitor status of 
populations at index sites. 
Gather information to fill 
data gaps. Manage for 
sustainable harvest. 
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Ochre sea star        
(Pisaster ochraceus) 

Only occurs in rocky 
intertidal and shallow 
subtidal habitat in 
nearshore and estuarine 
waters. 

Larval supplies, episodic 
recruitment. Sea star 
wasting syndrome. 

Information about 
recruitment events is 
lacking. Monitoring of 
population status is 
needed for juveniles and 
recovery from sea star 
wasting syndrome. 
Ecological impacts from 
sea star wasting 
syndrome. 

Monitor status of 
populations at index sites 
and periodic checks for 
continues or new 
occurrences of sea star 
wasting. Gather 
information to fill data 
gaps. Manage for 
sustainable harvest. 

Olympia oyster 
(Ostrea lurida) 

Only occurs in rocky 
habitat. In Oregon 
primarily found in 
subtidal habitat in three 
estuaries. 

Availability of suitable 
habitat. 

Spatial distribution and 
abundance. 

Monitor status of 
populations at index sites. 
Gather information to fill 
data gaps. 

Pacific Giant octopus     
(Enteroctopus dofleini) 

Den cavities in rocky 
substrata with access to 
nearby forage areas. 

Availability of appropriate 
den sites in rocky subtidal 
habitat, survival of egg 
masses. 

Systematic estimates of 
populations, abundance 
and distribution. 

Monitor status of 
populations at index sites. 
Gather information to fill 
data gaps. Manage for 
sustainable harvest. 

Purple sea urchin     
(Strongylocentrotus 
purpuratus) 

Only occurs in rocky 
intertidal and shallow 
subtidal habitat. 

Larval supplies, episodic 
recruitment. 

Population dynamics, 
variability in recruitment 
in relation to headlands. 

Monitor status of 
populations at index sites. 
Gather information to fill 
data gaps. Manage for 
sustainable harvest. 

Razor clam       
(Siliqua patula) 

Only occurs along sandy 
beaches and in shallow 
subtidal in sandy areas. 

Topography of beach 
morphology, composition 
of sand, larval supplies, 
episodic recruitment. 

Relationship between 
intertidal and subtidal 
populations, relationship 
between living clams and 
shells on beaches. 

Monitor status of 
populations at index sites. 
Manage for sustainable 
harvest. Gather 
information to fill data 
gaps. 

ONS 68



Oregon Nearshore Strategy - Draft Final for Commission - September 2015 (last updated 8/12/15) 

Invertebrates 
Species Special Needs Limiting Factors Data Gaps Conservation Actions 

Red abalone       
(Haliotis rufescens) 

Only occurs in rocky 
intertidal subtidal 
habitat.  

Adequate density for 
successful broadcast 
spawning. Short-term yolk 
dependent larvae. 
Infrequent recruitment. 

Spatial distribution and 
abundance in shallow 
subtidal habitats. 

Monitor status of 
populations at index sites. 
Manage for sustainable 
harvest. Gather 
information to fill data 
gaps. 

Red sea urchin      
(Mesocentrotus franciscanus) 

Only occurs in rocky 
intertidal subtidal 
habitat. 

Larval supplies, episodic 
recruitment. 

Ecological role in bull 
kelp beds, population 
dynamics. 

Monitor status of 
populations at index sites. 
Manage for sustainable 
harvest. Gather 
information to fill data 
gaps. 

Rock scallop       
(Crassadoma gigantea) 

Only occurs in rocky 
habitat, primarily 
subtidal. 

Late maturing. Longevity and fecundity. 
Spatial distribution and 
abundance in shallow 
subtidal habitats. 

Monitor status of 
populations at index sites. 
Manage for sustainable 
harvest. Gather 
information to fill data 
gaps. 

Sunflower star       
(Pycnopodia helianthoides) 

Occurs in lower intertidal 
and subtidal habitats. 
Voracious predator that 
feeds on clams, snails, 
chitons, urchins, sand 
dollars, asteroids, crab, 
and other invertebrates. 

Larval supplies, episodic 
recruitment, prey 
availability, susceptibility 
to sea star wasting 
syndrome. 

Information about 
ecological role in subtidal 
communities and 
recruitment events is 
lacking. Population 
status. Ecological impacts 
from sea star wasting 
syndrome.  

Prevent disturbance, 
urban runoff and sewage 
spill. Monitor status of 
populations at index sites. 
Gather information to fill 
data gaps. 
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Marine Mammals 
Species Special Needs Limiting Factors Data Gaps Conservation Actions 

Gray whale        
(Eschrichtius robustus) 

Relatively narrow 
migratory corridor in 
nearshore waters.  
Summer population 
concentrated in specific 
nearshore areas. 

Low productivity. Historic 
population declines 
throughout range, but 
currently in good 
standing. 

Distribution and 
abundance of summering 
whales in Oregon. 

Protection from vessel 
disturbance, minimize 
interactions with crab pot 
lines, cables. Observe 
Federal MMPA 
protections. Gather 
information to fill data 
gaps. 

Harbor porpoise         
(Phocoena phocoena) 

Acoustically oriented 
species sensitive to noise 
disturbance. 

Low productivity. 
Sensitive to 
anthropogenic noise. 

Long-term population 
trends unknown.  
Impacts of ocean 
renewable energy 
development. 

Insure adequate prey 
base through coastal fish 
resource conservation; 
observe Federal MMPA 
protections. Manage 
ocean energy 
development to monitor 
and minimize impacts. 

Northern elephant seal 
(Mirounga angustirostris) 

Haul out sites on rocks, 
reefs or beaches. 

Low productivity. Historic 
population declines 
throughout range. 
Occasional marine 
mammal-fisheries 
interaction issues. 

Northern stock status. Limit disturbance to haul 
out areas; observe federal 
MMPA protections. 

Pacific harbor seal 
(Phoca vitulina) 

Haul out sites on rocks, 
reefs or beaches. Pupping 
areas with minimal 
disturbance. 

Low productivity. Suitable 
pupping areas. 

Current population status 
and trends in abundance. 

Limit human disturbance; 
observe federal MMPA 
protections; fill data gaps 
on population abundance 
and trends. 
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Marine Mammals 
Species Special Needs Limiting Factors Data Gaps Conservation Actions 

Southern Resident Killer 
Whale DPS (Orcinus orca) 

Acoustically oriented 
species sensitive to noise 
disturbance. 

Low productivity. Small 
population size. 

Seasonal use of Oregon 
coastal waters. 

Observe federally MMPA 
& ESA protections, fill 
data gaps for use of 
Oregon waters. 

Steller sea lion        
(Eumetopias jubatus) 

Haul out sites on rocks, 
reefs or beaches. 

Low productivity. Age-specific survival 
rates; effects of 
predation on white 
sturgeon in Columbia and 
Willamette Rivers. 

Observe federally MMPA 
protections to minimize 
disturbance and protect 
pupping areas. Monitor 
population trends. Gather 
information to fill data 
gaps. 

Plants and Algae 
Species Special Needs Limiting Factors Data Gaps Conservation Actions 

Bull kelp         
(Nereocystis luetkeana) 

Only occurs in nearshore 
rocky subtidal habitat. 

Substratum availability 
and spore dispersal. 
Vulnerable to oil spills and 
other anthropogenic 
effects.  

Ecological role of bull 
kelp beds as ecological 
engineering species and 
as habitat for fish and 
invertebrate 
communities. 

Observe harvest 
restrictions. Monitor 
status of bull kelp beds at 
special sites / index sites. 

Native eelgrass   
(Zostera marina) 

Only occurs in intertidal 
and shallow subtidal soft 
sediment habitat with 
adequate light. In 
Oregon, primarily found 
in estuaries. 

Limited suitable habitat. Sea level rise impacts. Minimize impacts related 
to dredging, development 
and commercial shellfish 
mariculture operations. 
Observe harvest 
restrictions. Evaluate 
impacts of sea level rise.  
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Plants and Algae 
Species Special Needs Limiting Factors Data Gaps Conservation Actions 

Sea palm         
(Postelsia palmaeformis) 

Only occurs in rocky 
intertidal habitat along 
high exposure areas. 

Substratum availability 
and spore dispersal. 

Spatial distribution of 
Postelsia has not been 
documented, seasonal 
variability in biomass is 
not known, and 
ecological role of sea 
palms has not been fully 
investigated along the 
Oregon coast. 

Observe restrictions on 
harvest. Monitor status of 
sea palms at index sites.  

Surf grass          
(Phyllospadix spp.) 

Only occurs in rocky 
intertidal and very 
shallow rocky subtidal 
habitat. 

Substratum availability 
and seed dispersal. 

Spatial distribution of 
Phyllospadix has been 
mapped for the entire 
Oregon coast 
(Shorezone); data gap 
includes information 
about spatial and 
seasonal variability in 
biomass and ecological 
role of sea grass beds 

Observe restrictions on 
harvest. Monitor status of 
surf grass at index sites. 
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Watch List Species 

ODFW identified a handful of species from the comprehensive species list to be placed on a Watch List.  
Watch List Species (Table 5.2) were determined to be important nearshore species that do not require 
immediate management action, but may in the future.  Managers should be aware of conservation 
needs and potential factors that could affect these species and consider them for future Strategy 
Species status if sufficient data can be gathered to support the change.  Examples of future information 
that may warrant status change include a change in harvest status, or the occurrence of an 
anthropogenic or natural event (water pollution, climatic event, etc.). 

Table 5.2. Watch List Species 

WATCH LIST: BIRDS COMMENTS 

Brandt’s Cormorant 
Phalacrocorax penicillatus 

Utilizes rocky cliffs and islands for nesting. Forages in nearshore 
habitats. Sensitive to environmental change. Localized 
population fluctuations. 

Cassin's Auklet  
Ptychoramphus aleuticus 

Nests in burrows on offshore islands with no mammalian 
predators. Vulnerable to nesting area disturbance, predation, 
oil spills and environmental change. 

Pelagic Cormorant 
Phalacrocorax pelagicus 

Utilizes rocky cliffs and islands for nesting. Forages in nearshore 
habitats. Sensitive to environmental change 

Pigeon Guillemot 
Cepphus columba 

Population potentially declining, data inadequate. Vulnerable 
to ground predators, oil spills and environmental change. 
Breeding attempts may fail during climatic shifts (e.g., climate 
change).  

Sanderling 
Calidris alba 

Highly dependent on specific nearshore feeding areas during 
migration. Susceptible to coastal habitat disturbance, 
degradation and destruction. Current population size unknown. 
Populations highly variable among years. Potential for long 
term declines.  

Rhinocerous Auklet  
Cerohinca monocerata 

Nests in burrows on offshore islands. Forages in nearshore 
waters while nesting. Prefers nesting sites on cliffs and 
elevated areas to aid in take-off. Sensitive to nesting 
disturbance and oil spills.  

WATCH LIST: FISHES 

Black-and-yellow rockfish 
Sebastes chrysomelas 

Low to moderate productivity. Commercial harvest. Periodic 
recruitment dependent on favorable oceanic conditions. OR 
northern extent of range. 

Blue shark 
Prionace glauca 

Global concern regarding shark harvest and management.  Low 
productivity.  Lack of scientific knowledge. 

Bocaccio 
Sebastes paucispinis 

Low productivity. Northern stock population abundance 
unknown.  

Brown Irish lord 
Hemilepidotus spinosus 

Recreational harvest.  May be getting reported as Red Irish 
lord.  Little known about abundance. 
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Brown smoothhound 
Mustelus henli 

Global concern regarding shark harvest and management.  Low 
productivity.  Lack of scientific knowledge. 

Buffalo sculpin 
Enophrys bison Recreational harvest.  Little known about abundance. 

Butter sole 
Isopsetta isolepis 

Commercial and recreational harvest. Population status 
unknown. 

California halibut  
Paralichthys californicus 

Certain years found and caught on OR’s south coast. 
Population status unknown. 

California skate 
Raja inornata 

Late maturation, longevity, and low productivity. Inadequate 
population status information. 

Common thresher 
Alopias vulpinus 

Global concern regarding shark harvest and management.  Low 
productivity.  Lack of scientific knowledge. 

Curlfin turbot (sole) 
Pleuronichthys decurrens Commercial harvest. Population status unknown. 

English sole 
Pleuronectes vetulus 

Sport and commercial harvest.  Formal stock assessment has 
been conducted. 

Flathead sole 
Hippoglossoides elassodon Commercial harvest. Population status unknown. 

Giant wrymouth 
Cryptacanthodes giganteus 

Concerns that they’re being caught and reported/confused 
with Monkeyface pricklebacks. Inadequate population status 
information. 

Gopher rockfish 
Sebastes carnatus 

Low productivity with periodic recruitment dependent on 
favorable oceanic conditions. Inadequate population status 
information. 

Leopard shark 
Triakis semifasciata 

Global concern regarding shark harvest and management.  Low 
productivity.  Lack of scientific knowledge. Collected for public 
aquarium display. 

Monkeyface prickleback 
Cebidichthys violaceus 

Concerns regarding potential of increased harvest in OR 
(actively harvested in CA). 

Pacific angel shark 
Squatina californica 

Global concern regarding shark harvest and management.  Low 
productivity.  Lack of scientific knowledge. 

Pacific sanddab 
Citharichthys sordidus Commercial and recreational harvest. 

Pacific sandfish Forage fish. Population status unkown and life history 
information limited. Trichodon trichodon 

Pacific sardine 
Sardinops sagax 

Forage fish known to have large population fluctuations 
thought to be linked to environmental change, but mechanisms 
not understood. Target of commercial fisheries. 

Pacific staghorn sculpin 
Leptocottus armatus Recreational catch.  Little known about abundance. 

Red Irish Lord 
Hemilepidotus hemilepidotus 

Minor commercial and recreational harvest.  Collected for 
public aquarium display. Population status unknown. 
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Rock sole 
Lepidopsetta bilineata 

Commercial and recreational harvest. Population status 
unknown. 

Salmon shark Global concern regarding shark harvest and management.  Low 
productivity.  Lack of scientific knowledge. Lamna ditropis 

Sand sole  
Psettichthys melanostictus 

Commercial and recreational harvest. Population status 
unknown. 

Shortfin mako shark (Bonito shark) 
Isurus oxyrinchus 

Global concern regarding shark harvest and management.  Low 
productivity.  Lack of scientific knowledge. 

Soupfin shark Global concern regarding shark harvest and management.  Low 
productivity.  Lack of scientific knowledge. Galeorhinus galeus 

Spotted ratfish 
Low productivity. 

Hydrolagus colliei 

White shark 
Carcharodon carcharias 
 

Global concern regarding shark harvest and management.  Low 
productivity.  Lack of scientific knowledge regarding 
movements, spawning season, spawning grounds, and 
fecundity of females, population abundance. 

WATCH LIST: INVERTEBRATES COMMENTS 
Butter clam  
Saxidomus gigantea 

Important commercial and recreational species. Subtidal 
broodstock unknown. Limited information on essential habitat.  

California sea cucumber 
Parastichopus californicus 

May be important agents of bioturbation; during feeding and 
reworking of surface sediments, they can alter the structure of 
soft-bottom benthic communities. 

Cockle clam  
Clinocardium nuttallii 

Important commercial and recreational species. Subtidal 
broodstock unknown. Limited information on essential habitat.  

Coonstripe or Dock shrimp  
Pandalus danae 

Population status in Oregon unknown. Target of commercial 
fishery in CA. 

Fat gaper clam  
Tresus capax 

Important commercial and recreational species. Subtidal 
broodstock unknown. Limited information on essential habitat.  

Flat-tipped piddock  
Penitella penita 

Habitat engineer; important contributor to biological erosion of 
coastal shale along the Pacific coast of North America north of 
CA. Harvest techniques may be detrimental to habitat. 

Market squid  
Doryteuthis opalescens 

Important prey. Used in medical research. Commercial and 
recreational harvest. 

Oregon triton  
Fusitriton oregonensis 

 Potential for extended planktonic larval duration up to 4.5 
years.  Commercial harvest of all snails prohibited. Oregon 
state seashell. 

Pacific sand (mole) crab 
Emerita analoga 

Has served as indicator of DDT residues in CA coastal waters. 
Used in scientific/medical research. Information on population 
trends lacking.t 

Red rock crab 
Cancer productus 

Potential for harvest concerns.  Not actively managed (though 
has regulations in place). Population status and trend 
information lacking. 

WATCH LIST: MARINE MAMMALS  
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Sea otter 
Enhydra lutris 

Documented sporadic occurrences along the OR coast thought 
to be strays from WA rather than established OR population.  
Population status in OR unknown.  

Other Commonly Associated Species 
Some species which did not meet criteria to be included in the Strategy Species or Watch Lists were 
identified to be important to nearshore ecosystems. These species were included on the list of 
commonly associated species (Appendix B).  The conservation needs of these species will most likely be 
met through habitat management or management of communities of organisms.   
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6. NEARSHORE HABITATS

The coastal and marine habitats described here encompass the area from the 3 nautical mile outer limit 
of Oregon’s territorial sea, where water depths average 66 m and range from 17 m to 194 m, to the 
supratidal areas of the shoreline affected by wave spray and overwash at extreme high tides and the 
portions of estuaries where species depend on the saline waters which enter from the Pacific Ocean. 
These are the waters and habitats that define the Nearshore ecoregion and are the focus of the 
Nearshore Strategy. This chapter describes how to classify habitat types and the major habitat types 
found in Oregon’s nearshore, including: neritic, soft bottom subtidal, rocky subtidal, rocky shore, sandy 
shore and estuaries. Riverine portions of estuaries are currently covered in the Oregon Conservation 
Strategy. 

Oceanographic Context – the California Current System 
The distinct suite of oceanographic features and physical forcing agents that help define the Nearshore 
ecoregion include the northern portion of the California Current System and the annual seasonal 
upwelling/downwelling cycle that are responsible for its high productivity (Figures 6.2 and 6.3).  The 
eastern boundary current called the California Current System is a part of the North Pacific gyre that 
moves cold water from the North Pacific toward the equator. It has a southward flowing current over 
Oregon’s shelf and slope and a northward flowing undercurrent over the slope in spring and summer.  In 
winter, the current over the shelf consists primarily of the northward flowing Davidson current (Figure 
6.2).  

During spring and summer, winds blowing from a northerly direction drive an upwelling system that 
brings cold, nutrient-rich, and oxygen-poor waters from depth up onto the continental shelf (Figure 
6.3a).  The upwelling process is highly variable on many time scales and is generally stronger and more 
persistent on the south Oregon coast and more intermittent on the central and northern Oregon coast.  
In addition to nutrients derived from upwelling, river discharge from the Columbia River provides a 
major source of nutrients to the Oregon continental shelf, especially along the north coast.  The 
upwelling and river-plume nutrients fuel high phytoplankton productivity which drives an extremely 
productive marine ecosystem off of Oregon.  In the fall and winter months winds blowing from a 
southerly direction cause seasonal downwelling that bring well oxygenated water from the surface 
downward in the water column (Figure 6.3b).  

Superimposed on these large-scale processes are smaller scale eddies, gyres, fronts, and other 
oceanographic phenomena, which together serve to create a complex spatially and temporally dynamic 
ecosystem.  
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Figure 6.2. The California Current System typically varies seasonally. (Source P. T. Strub). 
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Figure 6.3. Annual seasonal cycle of spring-summer upwelling and fall-winter downwelling. 
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CMECS Framework 
In 2012 the Coastal and Marine Ecological Classification Standard (CMECS) was adopted in the United 
States as a means to provide a common framework for describing habitat, using a simple, standard 
format and common terminology (Figure 6.1). The goal of using CMECS is to both enhance scientific 
understanding and to advance ecosystem-based and place-based resource management through better 
communication.  As the name implies, CMECS is increasingly being incorporated into scientific 
descriptions and being used in management documents. For the 2015 Oregon Nearshore Strategy, 
components of the CMECS classification framework have been incorporated – in particular, the CMECS 
approach to evaluating and describing habitats.   

The CMECS framework is flexible. It allows classification and description of habitat using one or both of 
its two broad based settings and one or more of its components. Not all settings or components need be 
used for all purposes. It is designed so that the components selected can effectively describe the 
ecological units observed to the level of detail needed by a broad range of users across a wide variety of 
spatial and temporal scales. The components utilized may vary depending on the objective, but the 
common system of standards provides comparability. For example, both anthropogenic and naturally-
occurring physical structures in an environment are geoform components in CMECS. Geoform 
components describe the physical structure of the environment across spatial and temporal scales 
without affecting the larger classification of the system, subsystem, or zone. It helps to think of systems, 
subsystems, and zones as being like nouns, with geoform and other components being like adjectives 
used to describe that noun. Biotopes, the combination of abiotic habitat and associated species in the 
CMECS framework have yet to be fully described for most coastal and marine waters in the U. S. 
including Oregon.  
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Figure 6.4. Overview of the Coastal and Marine Ecological Classification Standard framework (Source 
FGDC 2012). 

The Biogeographic Settings have a hierarchical structure composed of Realm, Province, and Ecoregion. 
The hierarchical structure of Aquatic Settings are composed of System, Subsystem and Tidal Range.  
Tables 6.1 and 6.2 provide the reader with an overview of the Biogeographic and Aquatic Settings for 
the species and their habitats in Oregon’s coastal and marine waters encompassed in the Strategy.   

The descriptions of familiar Nearshore habitats (below) will include some of the relevant CMECS 
components for each habitat described.  Use of CMECS is just beginning. It will evolve over time as it is 
put to more use and information that has been collected is put into the framework. This is a work in 
progress that is anticipated to benefit scientific research and monitoring efforts, management decisions 
and conservation efforts and actions over the decades to come. 
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Table 6.1. Overview of the hierarchical structure of the Biogeographic Setting for Oregon’s Coastal and Marine Habitats 
Hierarchical Level Definition5 Oregon’s Coastal and Marine Habitats 

Realm 

Very large regions of coastal, benthic, or pelagic ocean across which 
biota are internally coherent at higher taxonomic levels, as a result of 
a shared and unique evolutionary history. Realms have high levels of 
endemism, including unique taxa at generic and family levels in some 
groups.  Driving factors behind the development of such unique biota 
include water temperature, historical and broad scale isolation, and 
the proximity of the benthos.  

Temperate Northern Pacific 

Province 

Large areas defined by the presence of distinct biota that have at least 
some cohesion over evolutionary time frames. Provinces will hold 
some level of endemism, principally at the level of species. Although 
historical isolation will play a role, many of these distinct biota have 
arisen as a result of distinctive abiotic features that circumscribe their 
boundaries. These may include geomorphological features (isolated 
island and shelf systems, semi-enclosed seas); hydrographic features 
(currents, upwellings, ice dynamics); or geochemical influences 
(broadest-scale elements of nutrient supply and salinity).  

Cold Temperate Northeast Pacific 

Ecoregion 

Areas of relatively homogeneous species composition, clearly distinct 
from adjacent systems. The species composition is likely to be 
determined by the predominance of a small number of ecosystems 
and/or a distinct suite of oceanographic or topographic features. The 
dominant biogeographic forcing agents defining the eco-regions vary 
from location to location but may include isolation, upwelling, nutrient 
inputs, freshwater influx, temperature regimes, ice regimes, exposure, 
sediments, currents, and bathymetric or coastal complexity.  

Oregon, Washington, Vancouver Coast and 
Shelf 

5 The definitions in CMECS were drawn from Spalding et al. 2007. 
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Table 6.2. Overview of the hierarchical structure of Aquatic Settings for Oregon’s Coastal and Marine habitats 

System Subsystem Tidal Range 
Oregon’s Coastal and 

Marine Habitats6 

Marine7 

Defined by salinity which is 
typically ~ 35 parts per thousand, 
but may vary considerably 
especially in areas near river 
mouths. Includes all non-estuarine 
waters from the coastline to the 
central oceans. The landward 
boundary of this system is either 
the linear boundary across the 
mouth of an estuary or the limit of 
the supratidal splash zone affected 
by breaking waves. 

Offshore 

Extends from the 30 meter depth 
contour to the continental shelf 
break, which generally occurs 
between 100 - 200 meters depth. 

Subtidal 

The substrate is continuously submerged in this zone 
and includes those areas below MLLW. 

Neritic 

Rocky Subtidal 

Soft Bottom 

Nearshore 

Extends from the landward limit of 
the Marine System to the 30 
meter depth contour. 

Subtidal 

The substrate is generally continuously submerged in 
this zone and includes those areas below Mean Lower 
Low Water (MLLW). 

Neritic 

Rocky subtidal 

Soft Bottom 

Intertidal 

The substrate is regularly and periodically exposed and 
flooded by tidal action. This zone extends from MLLW 
to Mean Higher High Water (MHHW). 

Rocky Shores 

Sandy Beaches 

Supratidal 

This zone includes areas above MHHW that are 
affected by wave splash and overwash but does not 
include areas affected only by wind-driven spray. This 
zone is subjected to periodic high wave energy, 
exposure to air, and often to variable salinity. 

Rocky Shores 

Sandy Beaches 

6 The habitats identified here are described and classified by additional Water Column, Geoform and/or Substrate Components. 
7 The Oregon Ocean Management Plan established that the marine interest of Oregon and its citizens extends to seaward to the continental margin which 
includes the Offshore and portions of the Oceanic CMECS subsytems, which fall outside the focus of the Nearshore Strategy which focuses on species and 
habitats within the Oregon Territorial Sea. 
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System Subsystem Tidal Range 
Oregon’s Coastal and 

Marine Habitats6 

Estuarine8 

The Estuarine System is defined by 
salinity and geomorphology. This 
System includes tidally influenced 
waters that (a) have an open-
surface connection to the sea, (b) 
are regularly diluted by freshwater 
runoff from land, and (c) exhibit 
some degree of land enclosure. 
The Estuarine System extends 
upstream to the head of tide and 
seaward to the mouth of the 
estuary. Head of tide is identified 
as the inland or upstream limit of 
water affected by a tide of at least 
0.2 foot (0.06 meter) amplitude. 
The mouth of the estuary is 
defined by an imaginary line 
connecting the seaward-most 
points of land that enclose the 
estuarine water mass at MLLW. 
Islands are included as headlands 
if they contribute significantly to 
the enclosure. 

Estuarine Open water 

The Estuarine Open Water 
Subsystem includes all waters of 
the Estuarine System with a total 
depth greater than 4 meters, 
exclusive of those waters 
designated Tidal Riverine Open 
Water.  

Estuarine Open Water Subtidal 

The substrate is generally continuously submerged in 
this zone and includes those areas below MLLW.  

Estuaries 

Estuarine Coastal 

The Estuarine Coastal Subsystem 
extends from the supratidal zone 
at the land margin down to the 4 
meter depth contour in waters 
that have salinity greater than 0.5 
(during the period of average 
annual low flow). 

Estuarine Coastal Subtidal 

The substrate is generally continuously submerged in 
this zone and includes those areas below MLLW. 

Estuaries 

Estuarine Coastal Intertidal 

The substrate in this zone is regularly and periodically 
exposed and flooded by tides. This zone extends from 
MLLW to MHHW. The Coastal Intertidal is exposed 
regularly to the air by tidal action.  

Estuaries 

Estuarine Coastal Supratidal 

This zone includes areas above MHHW; areas in this 
zone are affected by wave splash and overwash. It 
does not include areas affected only by wind-driven 
spray, which may extend further inland.  

Estuaries 

8 The Riverine Open Water and Riverine Coastal subsystems are parts of the Estuarine Strategy Habitat not addressed in this document. Although these 
sybsystems are critically important to the ecology of estuaries they are not the primary habitat for the species covered here.  Riverine portions of estuaries are 
addressed in Estuary Strategy Habitat section of the Oregon Conservation Strategy. 
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Nearshore Habitat Mapping 
Habitat survey data, collected using modern high-resolution sonar technologies, now cover 
approximately 53% of Oregon’s Territorial Sea. This is a major improvement from the approximately 6% 
of the Territorial Sea that had been mapped with these advanced technologies, when the original 
Nearshore Strategy was published in 2006. Habitat maps using these new data and the CMECS substrate 
classification have been created (Figures 6.4a and 6.4b) and are a significant improvement over previous 
maps. The areas that have now been mapped were chosen strategically and include almost all of 
Oregon’s rocky subtidal reefs. Similarly, recent mapping efforts have updated previous estuary maps 
completed in the 1970’s with more recent data and have started to map some of the CMECS 
components (see the estuaries section of this chapter).  
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Figure 6.4a. North Oregon coast bottom substrates in marine system. Note that several abrupt 
boundaries evident on the map are artifacts of surveys locations not abrupt substrate changes. 
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Figure 6.4b. South Oregon coast bottom substrates in marine system. Note that several abrupt 
boundaries evident on the map are artifacts of surveys locations not abrupt substrate changes. 
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Species-Habitat Associations 
Habitat associations for Strategy Species, Watch List Species, and commonly associated species are 
identified to provide insight into the biological communities affiliated with specific habitats. This 
combination of abiotic habitat information and their associated species will help define the CMECS 
biotopes (areas of uniform environmental conditions, habitat, and assemblages of animals and plants) 
for Oregon’s coastal and marine environment.  

Habitat association matrices for specific life history stages of Strategy Species provide information about 
the distribution of these species in the Nearshore (Table 6.3).  Strategy Species that have any part of 
their life history commonly occur in a specific habitat are included in the species-habitat association.  
Readers should assume that information provided on species-habitat associations is based on published 
literature for the west coast of the U. S. and may or may not specifically be known for Oregon. However, 
there is Oregon-specific information available for many species such as kelp greenling (Figure 6.5). 
General habitat association matrices for Watch List Species and commonly associated species can be 
found in Appendix E and F, respectively.  

Figure 6.5. Kelp greenling in subtidal rocky reef habitat. Photo © Janna Nichols. 
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Table 6.3. Strategy Species habitat usage, by life history phase: Adult (A), Spawning/Mating (S/M), Eggs/Parturition (E/P), Larvae (L), Juveniles (J) 

Strategy Species 

Ro
ck

y 
Sh

or
e 

Sa
nd

y 
Be

ac
h 

Ro
ck

y 
Su

bt
id

al
 

So
ft

 
Bo

tt
om

 
Su

bt
id

al
 

N
er

iti
c 

Es
tu

ar
in

e 

Ha
bi

ta
t 

U
nk

no
w

n 

Comments 

Birds 

Black brant  
Branta bernicla nigricans A 

Estuaries used by wintering and 
staging adults; feeds on marine 
and estuarine vegetation. 

Black oystercatcher 
Haematopus bachmani 

A, S/M,  
J 

A, S/M, 
J A, J 

Breeding pairs use same 
territory over many years; 
feeds on small mollusks and 
invertebrates. Nests primarily 
above the supratidal zone on 
both islands and rocky 
headlands. 

California brown pelican 
Pelecanus occidentalis 
californicus 

A 
Breeds and nests near coast but 
not in nearshore area. Feeds 
primarily on small marine fish.  

Caspian tern 
Hydroprogne caspia 

A, S/M, 
J A A, S/M, 

J 

Forages in bays and estuaries 
for fish. Nests on estuarine 
islands. 

Fork-tailed storm petrel 
Oceanodroma furcata A 

Breeds and nests in rocky cliffs 
or sandy burrows primarily on 
offshore islands. Forages at 
ocean surface. 
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Leach's storm petrel 
Oceanodroma leucorhoa A 

Breeds and nests on offshore 
islands. Forages by hovering or 
skimming over water; feeds 
primarily on small crustaceans 

Marbled murrelet 
Brachyramphus 
marmoratus 

A 
Nests inland in old growth 
forests. Forages by diving; feeds 
on small fishes 

Rock sandpiper  
Calidris ptilocnemis A, J A, J Forages in nearshore waters 

during winter 

Tufted puffin  
Fratercula cirrhata S/M, A 

Winters at sea, spends spring 
and summer months in the 
nearshore; nests on coastal 
headlands and offshore islands. 

Western snowy plover 
Charadrius alexandrinus 
nivosus 

A, S/M, 
E/P, J 

Resident or short-ranged 
migrant 

Fishes 

Big skate  
Raja binoculata 

A, S/M, 
E/P, J 

Soft seafloor spawning habitat. 
May be affected by wave 
energy development. 

Black rockfish 
Sebastes melanops J A, J J A, L, J A, J S/M, 

E/P 
Blue rockfish  
Sebastes mystinus J A, 

S/M, J J L, J J E/P 

Brown rockfish  
Sebastes auriculatus 

A, 
S/M, 
E/P, J 

A, S/M, 
E/P, L, 

J 
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Cabezon  
Scorpaenichthys 
marmoratus 

J 
A, 

S/M, 
E/P, J 

L, J 
A, S/M, 
E/P, L, 

J 
Canary rockfish  
Sebastes pinniger J A, 

E/P, J J L, J S/M Will inhabit artificial reefs 

China rockfish  
Sebastes nebulosus 

A, 
E/P, J L, J S/M Will inhabit artificial reefs 

Chinook salmon 
Oncorhynchus 
tshawytscha 

A A, J A, J A, J 

Anadromous; substantial data 
gaps regarding habitat usage in 
nearshore waters; sometimes 
caught near rocky reefs and in 
open neritic waters 

Chum salmon 
Oncorhynchus keta A, J A, J A, J 

Anadromous; substantial data 
gaps regarding habitat usage in 
nearshore  

Coastal cutthroat trout 
Oncorhynchus clarkii 
clarkii 

A, J A, J A, J 
Anadromous; substantial data 
gaps regarding habitat usage in 
nearshore waters 

Coho salmon 
Oncorhynchus kisutch A, J A, J A, J 

Anadromous; substantial data 
gaps regarding habitat usage in 
nearshore waters 

Copper rockfish 
Sebastes caurinus A, J J E/P, J 

A, S/M, 
E/P, L, 

J 

Will inhabit artificial reefs 

Deacon rockfish 
Sebastes diaconus J A, 

S/M, J J A, L, J A, J J Newly described cryptic species 
found in ORwaters 
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Eulachon  
Thaleichthys pacificus     A, L, J A, L  

Anadromous; spawn in fresh 
water. Also school offshore. 

Grass rockfish  
Sebastes rastrelliger J  

A, 
E/P, J J L   

Shallow rocky reefs; sometimes 
found in tidepools 

Green sturgeon  
Acipenser medirostris A  A A A 

A, S/M, 
E/P, L, 

J  

Northern DPS listed as species 
of concern. Uses all nearshore 
waters and estuaries. Most 
marine-oriented of sturgeon 
species. 

Kelp greenling 
Hexagrammos 
decagrammus   

A, 
S/M, 
E/P, J  L, J 

A, S/M, 
E/P, L, 

J  

Will inhabit pilings and jetties 

Lingcod  
Ophiodon elongatus   

A, 
S/M, 
E/P, J 

A, J L, J 
A, S/M, 
E/P, L, 

J  

Will inhabit pilings and jetties 

Northern anchovy 
Engraulis mordax     

A, S/M, 
E/P, L, 

J   

Pelagic forage fish; commonly 
found in nearshore kelp beds 
and bays 

Pacific herring  
Clupea pallasii     A, J 

A, S/M, 
E/P, L, 

J  

Pelagic forage fish. Utilizes 
estuary spawning habitat in OR 

Pacific lamprey 
Entosphenus tridentatus       A 

Anadromous. Requires fine 
gravel beds in freshwater for 
spawning. Gaps in knowledge 
of habitats used in marine life 
history phase 
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Pile perch  
Rhacochilus vacca A A A S/M, 

E/P, J 

Rocky shores; around kelp, 
pilings and underwater 
structures. Unknown habitat 
associations for some life 
history stages.  

Quillback rockfish 
Sebastes maliger 

A, 
E/P, J J L, J 

A, S/M, 
E/P, L, 

J 

Will inhabit artificial reefs 

Redtail surfperch 
Amphistichus rhodoterus A S/M, J E/P 

Juveniles and adults found in 
estuaries along CA and OR 
coasts. Unknown habitats for 
some life history stages. 
Estuaries and sandy surfzone 

Rock greenling 
Hexagrammos 
lagocephalus 

A, 
E/P, J A S/M, J E/P 

Found in subtidal algae beds 
and rocky reefs during  
spawning   

Shiner perch 
Cymatogaster aggregata A A A, J S/M, 

E/P 
Adults are common in estuaries 
as prey for salmonids 

Spiny dogfish  
Squalus acanthias A, J A, E/P, J A, S/M, 

J 
A, E/P, 

J 

Starry flounder 
Platichthys stellatus L, J A, S/M, 

J E/P, L 
A, S/M, 
E/P, L, 

J 

Will inhabit areas with pilings 

Striped perch  
Embiotoca lateralis A, J A A, J S/M, 

E/P 
 Unknown habitats for most life 
history stages. 
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Surf smelt 
Hypomesus pretiosus 

S/M, 
E/P S/M A, L, J A 

Extremely specialized habitat 
requirements for spawning 
beaches (temperature for 
substrate and air, light). 
Intertidal spawning habitat on 
beaches 

Tiger rockfish 
Sebastes nigrocinctus A 

S/M, 
E/P, L, 

J 

Rocky reefs. Note that this is 
designated shelf rockfish in 
federal FMP, but defined as 
nearshore fish in ORS and is a 
component of both commercial 
and sport fishery harvest in 
nearshore waters. Will inhabit 
artificial reefs. 

Topsmelt 
Atherinops affinis A A A, J 

A, S/M, 
E/P, L, 

J 

Specialized spawning habitat in 
shallow waters with vegetation 
for eggs to adhere to 

Vermilion rockfish 
Sebastes miniatus A, J J L, J S/M, 

E/P 
Rocky reefs; life stage history 
gaps. Will inhabit artificial reefs 

White sturgeon 
Acipenser 
transmontanus 

A A, L, J 
Anadromous. Movements in 
marine habitats poorly 
understood 

Wolf-eel  
Anarrhichthys ocellatus 

A, 
S/M, 
E/P, J 

J L 
Benthic, rocky subtidal 

Yelloweye rockfish 
Sebastes ruberrimus 

A, 
E/P, J S/M, L Will inhabit artificial reefs. 

Juvenile usage of nearshore? 
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Yellowtail rockfish 
Sebastes flavidus J  

A, 
S/M, 
E/P, J 

A, S/M, 
E/P, J L, J   

Juvenile usage of nearshore 

Invertebrates 
Blue mud shrimp 
Upogebia pugettensis      

A, S/M, 
J  

Marine water dependent 
estuarine species 

California mussel  
Mytilus californianus 

A, S/M, 
J  

A, 
S/M, J  E/P, L   

Rocky intertidal, pilings 
(artificial) 

Dungeness crab  
Cancer magister  

A, E/P, 
J  

A, S/M, 
E/P, J L A, S/M, 

J  

Oceanic conditions linked to 
larval survival. Will inhabit 
pilings. 

Flat abalone  
Haliotis walallensis   

A, 
E/P, J  

S/M, 
E/P, L   

Rocky subtidal, gaps in life 
history knowledge 

Native littleneck clam 
Leukoma staminea A, J A, J  A,J S/M, 

E/P, L A  

Marine water dependent 
estuarine species. Distinct from 
introduced Manila littleneck 
clam (Venerupis philippinarum) 

Ochre sea star  
Pisaster ochraceus A, J  A, J  

S/M, 
E/P, L A  

Rocky intertidal and subtidal. 
Keystone species. Recent 
population decline due to sea 
star wasting syndrome 

Pacific giant octopus 
Enteroctopus dofleini A  

A, 
S/M, 
E/P, J 

A, E/P J   

Rocky shore, found in low 
intertidal 

Purple sea urchin 
Strongylocentrotus 
purpuratus 

A, J  A, J  
S/M, 
E/P, L   

Associated with habitat with 
adequate algae for foraging 
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Razor clam 
Siliqua patula  A, J  A, J S/M, 

E/P, L   

Susceptible to disease and 
natural events such as El Niño. 
Increased occurrence of 
closures due to domoic acid 
concentrations in recent years.  

Red abalone  
Haliotis rufescens 

A, E/P, 
J  

A, 
E/P, J  

S/M, 
E/P, L   

Do not mate at northern end of 
range (Cape Argo, OR). 

Red sea urchin 
Mesocentrotus 
franciscanus 

A, J  A, J  
S/M, 
E/P, L   

Adjacent to kelp forest habitat 

Rock scallop  
Crassadoma giganteus 

A, S/M, 
J  

A, 
S/M, J  

S/M, L, 
J  E/P 

Will inhabit pilings and jetties 

Sunflower star 
Pycnopodia 
helianthoides 
 

  A A S/M, 
E/P, J   

 

Algae and Plants 

Bull kelp 
Nereocystis luetkeana   

A, 
S/M, 
E/P, J 

 S/M, 
E/P   

Shallow subtidal. Reproduce by 
spores, with alternating 
generations 

Native eelgrass 
Zostera marina    

A, S/M, 
E/P, J 

S/M, 
E/P 

A, S/M, 
E/P, J  

Angiosperm. Shallow estuarine 
and marine waters with muddy 
or sandy bottoms. Requires 
clear waters. 
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Sea palm 
Postelsia palmaeformis 

A, S/M, 
E/P, J 

S/M, 
E/P 

Mid to low intertidal. 
Reproduce by spores, with 
alternating generations 

Surf grass  
Phyllospadix spp. 

A, S/M, 
E/P, J 

S/M, 
E/P 

Low intertidal and shallow 
subtidal. Areas exposed to high 
wave action. Angiosperm. 

Marine Mammals 

Gray whale  
Eschrichtius robustus A, J A, J 

Mating and parturition occurs 
within lagoons in Baja 
California. Feed in soft bottom. 
Animals from Pacific coast 
feeding group summer in OR 
waters. 

Harbor porpoise 
Phocoena phocoena A A, S/M, 

E/P, J 
A, S/M, 
E/P, J 

Killer whale  
Orcinus orca 

A, S/M, 
E/P, J A, J A, S/M, 

E/P, J 
Southern resident DPS have 
been tracked in OR waters 

Northern elephant seal 
Mirounga angustirostris 

A, S/M, 
E/P, J A, J A, J A 

Mating and parturition is on 
sandy beaches. In OR pups have 
been born at Cape Arago 

Pacific harbor seal 
Phoca vitulina A, J A, S/M, 

E/P, J A, J A, S/M, 
J 

A, S/M, 
E/P, J 

Steller sea lion 
Eumetopias jubatus 

A, S/M, 
E/P, J A, J A, J A 

Mating and parturition on 
islands, rocky shores. Most 
reproductive activity in OR 
occurs on the south coast. 
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Neritic Habitat (Open Water) 

The neritic habitat includes the waters and biological communities living in the water column over the 
continental shelf. The neritic habitat is characterized by CMECS as including the nearshore and offshore 
marine subsystems, and includes the surface, upper water column, pycnocline, and lower water column 
layers. Neritic habitat also occurs beyond the planning area, westward to deeper oceanic habitats that 
start at the continental shelf break at approximately the 200 m depth contour. The waters of the neritic 
habitat are in constant motion. The California Current System, seasonal upwelling and downwelling, El 
Niño/La Niña events and changes in the Pacific Decadal Ocsillation are all examples of physical events 
that move the waters in this habitat over varying time scales. The water is replaced many times over 
during an average human lifetime. The setting for the CMECS biotic component of this habitat is 
planktonic biota and the plankton varies with the water mass. The ecology of the neritic habitat is 
affected by processes taking place at scales varying from global to local. The dynamics of the neritic 
habitat affect all of the other habitats described later in this section.   

Physical Environment 
Many physical and chemical environmental factors affect neritic ecology. These factors include but are 
not limited to solar light and radiation influence, salinity, temperature, layer position, physical mixing, 
hydrostatic pressure, biogeochemical composition, atmospheric exposure and influence, surface and 
under water currents, swells, waves, and water mass movements. Many of these factors can change by 
location and time of year. The neritic habitat encompasses many water column habitats that shift, 
expand, and contract over time and space in both predictable and stochastic patterns.  

Coastal upwelling is perhaps the most defining feature of Oregon’s neritic habitat with its alternating 
upwelling-relaxation events. Upwelling is a water column hydroform, described by CMECS as an 
upwardly-directed current caused by divergence of water masses.  In spring and summer months, strong 
northerly winds push surface and upper water layers westward towards the deep ocean. This movement 
causes deep, cold, oxygen-poor but nutrient-rich waters to rise to the surface near the coast replacing 
the water that was driven offshore. These nutrients, brought to the upper layers of the water column 
help propagate and sustain the rich biota of Oregon’s coastal waters. The relaxation events, when the 
northerly winds briefly cease or reverse, allow the upper water layer to move back towards shore 
bringing its rich biotic content with supplies of food, larvae, and juvenile organisms. In fall and winter 
months when winds blow predominantly from the south, the surface and upper water layers move 
shoreward and downward in a process called downwelling. Downwelling is an important part of the 
annual seasonal cycle that forces oxygen rich waters from the upper layers downward in the water 
column. Surface water temperatures provide a good indication of these seasonal wind forcing 
differences that bring the cold, nutrient-rich waters to the surface in the summer (Figure 6.6a) and the 
warmer waters from offshore to the coast in the winter Figure 6.6b).   

Large-scale changes in water masses, temperatures and currents result in changes in plankton species 
composition and abundance, which impact the survival and distribution of organisms within coastal and 
oceanic ecosystems. These large scale oceanic events, such as El Niño/La Niña and the Pacific Decadal 
Oscillation, occur at multi-year or decadal time scales. Recently, scientists have made strides in 
understanding how El Niño/La Niña events and the warm and cool regimes of the Pacific Decadal 
Oscillation influence Oregon’s coastal and marine water ecosystem.  
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Figure 6.6a. Average sea surface temperature for July (1997 - 2003). Note colder water nearshore. 
(Source: Juan-Jorda Masters Thesis/College of Oceanic and Atmospheric Sciences/ Oregon State 
University/2006.  
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Figure 6.6b. Average sea surface temperature for January (1997 - 2003). Note warmer water 
nearshore. Source: Juan-Jorda Masters Thesis/College of Oceanic and Atmospheric Sciences/ Oregon 
State University/2006. 
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Another water column component that affects Oregon’s neritic habitats is river plumes. CMECS does not 
characterize the marine waters affected by these plumes as estuarine because they are not meaningfully 
enclosed by landforms. Riverine waters entering the ocean often carry high concentrations of nutrients, 
create gradients in salinity, cause physical mixing, and create areas of high turbidity. Large river plumes, 
such as that from the Columbia River, may serve as a microhabitat within neritic habitats and can 
potentially act as biogeographic barriers between marine areas to the north and south. The Columbia 
River plume stretches hundreds of miles offshore and shifts predictably over the course of each year. In 
the summer the plume spreads south and offshore from the river’s mouth, while during the winter the 
plume is found to the north of the river mouth and is usually directly adjacent to the coast. This plume 
has important ecological effects, not only to neritic habitats, but to nearshore and offshore habitats as 
well. The oceanographic fronts created by the Columbia River plume in the marine systems generate 
productive conditions that attract many species of invertebrates, fish, seabirds, and marine mammals. 

Biological Characteristics 
Neritic habitats support two basic types of marine organisms: plankton and nekton. Planktonic 
organisms live in the water column and are incapable of swimming against currents, instead drifting 
with them. Plankton are often categorized as either phytoplankton or zooplankton. Phytoplankton are 
microscopic photosynthesizing organisms (e.g., diatoms), and are the primary producers that form the 
base of the marine food web. Huge surges in phytoplankton populations, known as “blooms,” are 
commonly associated with upwelling events. Zooplankton are heterotrophic organisms that range in size 
from microscopic single-celled organisms to enormous jellyfish a meter or more in diameter. Some 
plankton, called holoplankton, like many diatoms, copepods, krill and jellyfish spend their entire lives as 
drifters in the water column.  Many species like sea urchins, mussels, crabs, some snails and many fishes 
have planktonic stages as eggs or larva, called meroplankton, before either settling to the bottom or 
growing large enough to be nekton. The CMECS biotic component uses these planktonic classes and 
subclasses to describe the open water neritic zone.  They can be further refined by taxonomic groups 
and communities that are dominant in any given area of interest. Dramatic changes in plankton 
communities occur in Oregon waters with water masses changes. For example warm water species are 
brought in to nearshore water with El Niño events. 

In contrast, nektonic marine organisms are capable of swimming against currents and include animals 
such as adult crustaceans, mollusks, and vertebrates. Highly migratory and schooling species are typical 
of nekton in neritic habitats. Many species of invertebrates, fish, birds, and marine mammals travel and 
forage exclusively or occasionally within this habitat.   

Many Strategy, Watch List and commonly associated species utilize the open water neritic habitat 
during their life history (Table 6.3 Appendix E and F). Many forage fishes such as northern anchovy, 
Pacific herring, topsmelt, surfsmelt, Pacific sandlance and longfin smelt feed in this open water neritic 
habitat. Juvenile rockfish are found in the water column. Breeding birds such as tufted puffin and 
common murre are central place foragers that feed on the forage fish and other species while nesting. 
In all, 59 of the 73 nearshore Strategy Species depend on this habitat for some phase of life. This is also 
the habitat that supports primary production by phytoplankton and secondary production by 
zooplankton, which is at the base of the food web for the nearshore ecosystem. Ocean currents 
transport and disperse larvae and juveniles of many invertebrate and fish species throughout the region. 

Human Use 
Human uses of the neritic habitat include commercial and recreational fishing, nonconsumptive 
recreational pursuits such as boating or whale watching, scientific research, commercial maritime 

ONS 101



Oregon Nearshore Strategy - Draft Final for Commission - September 2015 (last updated 8/12/15) 

transportation, and military operations. Development of renewable energy sources from both wind and 
waves is an emerging use of the neritic habitat. 

Soft Bottom Subtidal 

Soft bottom subtidal habitat includes all of the unconsolidated substrate areas (e.g., mud, sand, granule 
pebbles and various mixes thereof) on the ocean bottom. Soft bottom subtidal habitats are 
characterized by CMECS as being within the subtidal zones of the nearshore and offshore marine 
subsystems. Subtidal soft bottom habitats are diverse based on distinct organism assemblages that are 
influenced by differences in substrate type (sand vs. mud), organic content and bottom depth. The 
distribution and relative abundance and mixes of these substrates are not yet well described for much of 
Oregon’s nearshore ocean waters. 

Physical Environment 
The primary substrate types in Oregon’s soft bottom subtidal areas range from sand to pebble. CMECS 
defines unconsolidated mineral substrates based on particle diameter. Here we consider soft bottom 
habitats to be composed of the various mixes defined by CMECS of particles <64 mm in diameter.   
Because the Oregon coast is primarily an exposed, high energy environment, most soft bottom subtidal 
areas are sandy. However, mud can be the more prevalent substrate type in areas receiving less energy 
from water movement, including isolated and sheltered areas, and deeper areas. The distribution of 
these unconsolidated sediment types in Oregon waters is influenced by currents in both the nearshore 
and offshore subsystems. Areas close to outfalls and discharge pipes would be expected to show 
localized differences based on the displacement of substrate and the increased availability of organic 
and small particulate material. The smaller the particle size, the smaller the pores (or spaces between 
the particles) are. Pore size dictates the amount of water and the water chemistry of the substrate, 
which can define what types of organisms can live in that sediment.    

Biological Characteristics 
Most soft bottom subtidal communities are dominated by infaunal (burrowing) invertebrates such as 
polychaete worms. However, other organisms such as crustaceans, echinoderms and mollusks may be 
locally abundant. Common epifauna (found on the sediment surface) can include species of shrimp, 
crabs, snails, bivalves, sea cucumbers, and sand dollars. Dungeness crab are an important component of 
soft bottom subtidal communities and are found both on the surface as well as buried in the substrate. 
Sea pens (Ptilosarcus sp.), colonial relations to sea anemones, are common on more muddy bottoms. 
Common fish in this area include several species of flatfish (e.g., sanddab, English sole, and sand sole), 
and important burrowing forage species such as Pacific sand lance and sandfish. 

Species associated with soft bottom subtidal habitats provide a spectrum of ecosystem services. Most 
widespread but least apparent of these services are the nutrient cyclers: deposit feeders and microbes 
living within the sediments. Emergent species such as sea pens in more quiet areas are only found in this 
habitat. There are a vast array of worms and other invertebrates that live in the soft subtidal bottom. 
Soft bottom habitats are important to many Strategy, Watch List and other commonly associated 
species at various life stages (Table 6.3, Appendix E and F). For example, big skate, starry flounder, sand 
sole, Pacific sand lance burrow or cover themselves to hide in these sediments. Gray whales feed by 
sifting buried amphipods from the sediments. Many invertebrates like razor and native littleneck clams 
live in the subtidal soft bottom habitat. Both juvenile and adult Dungeness crab forage here and 
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sometimes hide in these soft sediments. The young of commercially valuable fish species can often be 
found here and utilize these areas as nursery habitat. The young of many species use the nearshore area 
for foraging, and are themselves prey for larger fishes and birds. Sand lance is a particularly valuable 
forage species for birds, other fishes, and marine mammals. Diving birds such as the common murre 
forage for food for their young in soft bottom areas taking juvenile flat fish back to their chicks while 
they are nesting. 

Human Use 
Commercial and recreational harvest of Dungeness crab, surf perch, and species of nearshore flatfish are 
the principal human uses of the soft bottom subtidal habitat. Sand and mud from dredging projects are 
sometimes deposited over soft bottom habitats. Soft bottom subtidal habitats could also soon be 
utilized for siting renewable energy projects and their associated infrastructure. Finally, the soft bottom 
subtidal offers many opportunities for scientific research 

Rocky Subtidal 

Rocky subtidal habitat includes all hard substrate areas of the ocean bottom. The geologic origin 
substrate components include cobble and boulder in the CMECS unconsolidated mineral substrate class 
and bedrock and megaclasts in the rock substrate class. Anthropogenic origin hard substrates are also 
here. Anthropogenic reefs include any areas where hard, persistent material has been placed either 
purposely or accidentally by humans. Examples include rock jetties at the entrance to many bays, 
shipwrecks, anchoring systems for renewable energy projects, and unburied portions of underwater 
cables or pipelines. Rocky subtidal areas are often referred to as reefs, rocky reefs, rocky banks, 
pinnacles, or “hard bottom.” Rocky subtidal habitats, including both the natural and anthropogenic 
components, are characterized by CMECS as being within the subtidal zones of the nearshore and 
offshore marine subsystems. Although most areas are never exposed to air, the CMECS subtidal 
definition does include areas that are exposed intermittently each month when tide levels fall below the 
Mean Lower Low Water (MLLW) level. Rocky subtidal habitats are found in both the nearshore 
subsystem and offshore subsystem and some of the differences are discussed below.  

Some rocky subtidal areas are extensions of shoreline rocky features such as headlands, cliffs, or rocky 
intertidal habitat, while others exist as isolated regions of rock surrounded by habitat with soft bottom 
substrate. Rocky reefs have varied topography; some may barely come above the surrounding seafloor, 
while others may rise from the seafloor many meters, or extend above the surface to form islands in the 
Territorial Sea. There are more than 1,800 islands off the coast of Oregon, the bases of which form rocky 
subtidal habitat. 

Physical Environment 
The physical characteristics of rocky subtidal habitats reflect proximity to shore, depth of the water, 
local seafloor geology, erosional forces, and biological influences. The geology of many rocky subtidal 
areas mimics the geology of adjacent landforms, often consisting of erosion-resistant basalts or 
metamorphic rock common in Oregon’s rocky headlands. Over geologic time, the underwater rock 
features have been uplifted, bent, deformed, and alternately exposed to ocean and terrestrial erosional 
forces as successive ice ages and geologic forces caused massive sea level changes. These forces have 
shaped a variety of physical habitat features within reefs, including flat rocky benches, stacks, jagged 
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ridges, broken boulder fields, and a vast number of cracks and crevices that provide shelter and 
substrate to abundant life. 

Oceanographic processes and features strongly influence the rocky subtidal environment. Subtidal reefs 
are exposed to pounding wave action, underwater currents, and the physical and chemical properties of 
the water. These factors in turn influence the biological communities on the reefs. Generally, nearshore 
reefs are more exposed to wave action than offshore reefs, and the wave action is much stronger in 
winter than during summer. Wave action is a key factor in determining the types of organisms that can 
live on the very shallow reefs. Ocean currents vary widely by location, time of year, and over tidal cycles. 
Currents influence reefs in a variety of ways including direct erosion, sand scour or burial of reef areas, 
and movement of organisms to and from reefs, including plankton and larva. Large-scale or long-term 
variation in the ocean environment such as upwelling, seasonal current directional shifts, shifts in ocean 
circulation, water temperature variation, local and global weather patterns, ocean acidification, and 
biological processes combine to determine the ambient chemical and physical composition of the water 
in rocky subtidal habitats. The CMECS water column components can be used to describe important 
features of the waters surrounding and overlying rocky reefs that are important in shaping the biological 
communities which live there. 

The 30 m depth contour is defined by CMECS as the boundary for the nearshore subsystem and the 
offshore subsystem. Nearshore rocky reefs differ from offshore reefs in some key physical 
characteristics. Light penetration is adequate to support algal life on nearshore reefs, while offshore 
reefs support far less algal growth. For example kelp is only found in nearshore subsystem rocky areas. 
Wave action, currents, and storms produce a higher energy environment on nearshore reefs than their 
deeper counterparts. Organisms adapted to higher energy environments are more prevalent in the 
nearshore area. On some reefs, strong currents can scour and seasonally bury or expose the rocks with 
sand, considerably influencing the types of organisms that can utilize those rocky subtidal environments. 

The difference in detail in the new habitat maps, compared with those available for the 2006 version of 
the Nearshore Strategy is striking. Use of the CMECS substrate component system also provides far 
more detail. A good example is the area off Cape Arago (Figure 6.7) where at a larger scale the 
differences are very apparent. 

Biological Characteristics 
Subtidal rocky reefs are known for their abundant and diverse biological communities. The variety in 
topography, substrate characteristics, and depths within and among rocky reefs produces a plethora of 
microhabitats, often within relatively small geographic areas. This in turn provides for a diversity of 
species adapted to life in these different microhabitats. Habitat-forming organisms, such as kelp or 
attached invertebrates, provide additional microhabitats used by reef species.  

Most nearshore rocky reefs have rich algal, invertebrate, fish, bird, and marine mammal communities. 
Depending on water depth, light penetration, wave energy, and other physical and biological processes, 
algae and macroalgae can provide extensive or sporadic cover and food for other species in the 
nearshore subsystem. Algae and macroalgae include encrusting forms that grow close to the rock 
surface, turf forms that can create a dense layer up to a foot thick or more, subcanopy forms that 
provide added subsurface habitat structure, and canopy forms that create kelp “forests” which may 
break the surface of the water. Offshore rocky reefs in deeper water do not have kelp forests. Free-
swimming (nektonic), drifting (planktonic), and attached invertebrates are common in both the 
nearshore and offshore rocky subtidal habitats.  
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Figure 6.7. Detail map of the area off Cape Arago, Oregon included in original version of the Oregon 
Nearshore Strategy (a) and map of the same area that incorporates data from surveys with modern 
sonar technologies and the CMECS classification of substrate components (b). 
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Many Strategy, Watch List, and other commonly associate species inhabit rocky subtidal habitats (Table 
6.3., Appendix E and F). Fishes such as black, blue, china, deacon, copper and quillback rockfish, wolf eel, 
pile and stripped perch, lingcod, cabezon and greenlings, along with a large variety of smaller sculpins, 
gunnels, poachers, blennies and others are associated with rocky subtidal habitat. Diving seabirds and 
marine mammals forage extensively in rocky subtidal areas. A wide variety of filter or suspension 
feeding invertebrates attach to hard substrates such as sponges, anemones, barnacles, bryozoans, 
hydrozoans, tunicates, and coldwater corals. Mobile invertebrates abound here as well. Red and purple 
urchins, red and flat abalone eat algae attached to the rocks. Ochre, sunflower and other sea stars 
forage in subtidal rocky habitats as do crabs, shrimps, brittle stars, nudibranchs, chitons, and worms. 

The diversity of producers and consumers found in the rocky subtidal creates complex food webs and 
interdependencies among organisms. Reefs are linked to surrounding environments by ocean currents 
and organism movements. Reef topographic structure often slows currents, enhancing the local 
community’s ability to capture drifting organisms, an effect enhanced by the occasional presence of 
large kelp beds. Many organisms move on and off reefs, some in large-scale migrations and others in 
short feeding forays to other areas. While most nearshore reef fishes occupy both nearshore and 
offshore reefs, there are differences in depth preferences of some species and life history stages.  

Several fish species depend on nearshore rocky reefs during early life history stages before moving off to 
deeper reefs, the continental shelf, or other areas as they grow. Conversely, some fish depend on 
estuaries or rocky intertidal habitat for early life history stages before moving to rocky subtidal areas as 
adults. For example kelp greenling, cabezon, and grass rockfish tend to be more prevalent on the 
nearshore reefs. Canary and yelloweye rockfish move from nearshore to offshore reefs as they grow. 
Many fish species are entirely dependent on reefs for parts of their life cycle, while others are visitors. 
Common visitors include herring, smelt, sharks, ratfish, and salmon. 

Ecological linkages within and between rocky subtidal habitats help to shape their biological 
communities and the diversity of species found in this habitat type. Currents bring in planktonic 
organisms and transport drifting larvae to and from disparate rocky subtidal habitats. The location of 
reefs with respect to other “upstream” or “downstream” reefs has a dramatic effect on the types, 
abundance, and recruitment rates of the reef’s communities and organisms. This complexity of organism 
interrelationships makes the outcome of natural or human disturbance to reefs difficult to measure or 
predict. 

Additional Biological Component: Kelp Beds 
Kelp beds are a significant subset of Oregon’s rocky subtidal habitat. CMECS classifies kelp beds as a 
biotic component of Oregon’s rocky subtidal habitat, and more specifically as canopy-forming algal beds. 
Kelp beds, found on many of Oregon’s nearshore rocky reefs, consist of an aggregation of one or more 
species of brown macroalgae that generally grow from the seafloor to the ocean surface and form a 
floating canopy of kelp. While kelp beds can be found all along the Oregon coast, the strip of coast from 
Cape Arago south contains approximately 92 percent of the state’s kelp beds (Figures 6.8a and 6.8b). 
Most kelp beds in Oregon consist of bull kelp (Nereocystis luetkeana). While kelp beds appear common 
due to their visibility from shore, they are actually relatively scarce habitats in Oregon’s waters, covering 
less than one percent of the nearshore area.  

The presence and attributes of kelp beds depend on a number of physical and biological variables. The 
primary variables determining where kelp might exist include water depth and substrate availability. In 
Oregon’s waters, kelp beds only form on rocky substrate and are limited to the nearshore subsystem. 
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Beyond that depth, low light levels on the seafloor limit the growth of kelp. However, light and substrate 
are not the only limiting factors; many rocky reefs in the appropriate depth range rarely or never 
support kelp beds. Factors that may limit kelp on these reefs include seasonal sand burial of the reef, 
sand scour of the rocks, overexposure to wave and storm energy, locally high turbidity, lack of nutrients, 
distance of the reef to “seeding” sources of kelp, abundance of organisms that consume kelp (e.g., sea 
urchins), and competition with invertebrates and other algae for rock substrate available for 
attachment. 

Kelp beds in Oregon display pronounced seasonal and annual variation in extent and density. Bull kelp 
beds grow rapidly in spring and summer, followed by a winter period when storms dislodge much of the 
algae, leaving little or no surface canopy. The biomass of kelp beds can also vary ten-fold or more from 
year to year due to interannual variation in the combinations of physical and biological variables that 
affect their growth. 

Kelp beds are biologically rich habitats due to both the primary productivity of the kelp and the effect 
kelp beds have on the surrounding environment. Bull kelp is one of the fastest growing organisms in the 
world, annually providing a large biomass available for consumption directly or as detritus after the kelp 
dies. Kelp furnishes a vertical habitat structure that otherwise would not exist on the reef. Kelp beds 
also slow water currents and reduce waves and wind chop, helping to trap drifting larva and nutrients 
and providing shelter.  

Kelp beds and their canopies can also support a rich understory of algal and attached invertebrate cover. 
On Oregon reefs, dense understory algae coverage gives way to dominant invertebrate cover at about 5 
to 10 m water depth. Thick kelp cover reduces light penetration and can limit the density of understory 
algae. The kelp bed and underlying reef support a diverse array of fish and invertebrate species and 
provide cover and foraging areas for diving seabirds and marine mammals. In Oregon, the mix of fish 
species on kelp bed and non-kelp bed reefs is similar. In most parts of the world where kelp beds have 
been studied, reefs with kelp beds have much higher densities of fish than similar reefs without kelp. In 
Oregon, this does not appear to be the case. However, there have been no quantitative comparative 
studies to confirm this. 

Human Use 
Human uses of nearshore rocky reefs include fishing, scientific research, sightseeing, and a number of 
other recreational and industrial pursuits. Commercial and recreational fishing for many types of 
rockfish species, lingcod, cabezon, and kelp greenling are the primary human uses of this habitat to 
date. SCUBA diving and underwater photography are among the other less prevalent uses. Much of the 
commercial live fish fishery takes place on shallow nearshore reefs. Recreational anglers also favor 
shallow nearshore reef, if they are available. Commercial fishing effort targeting nearshore species tends 
to be higher on the south coast and recreational effort more prevalent on the north coast. A unique 
potential commercial use is the harvest of kelp. Commercial kelp harvest has been tried several times in 
Oregon on a small scale in the past. Currently there is no commercial harvest of kelp. Many reefs are 
used recreationally by SCUBA divers, sea kayakers, boaters, and surfers. Reefs with extensive kelp beds 
and islands provide sightseeing and bird watching opportunities for coastal residents and visitors. 
However, many reefs have no features extending to the ocean surface, and thus many people are 
unaware of the teeming life existing just below the water’s surface.  
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Figure 6.8a. Kelp beds along the north Oregon coast. Map shows maximum extent of kelp beds based 
on surveys. 
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Figure 6.8b. Kelp beds along the south Oregon coast. Map shows maximum extent of kelp based on 
surveys. 
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Rocky Shore 

Oregon’s rocky shores, often referred to as rocky intertidal or tidepool areas, form parts of the 
shoreward boundary of the nearshore planning area and can extend from the extreme low tide to the 
extreme high tide. They are characterized by CMECS as marine nearshore areas in the Intertidal and 
Supratidal zones, which include all hard substrate areas along the shoreline that are alternately exposed 
and covered by tides or are affected by wave splash and overwash, but not areas affected only by wind-
driven spray. Everything beyond the reach of ocean waves is considered terrestrial habitat. The 
substrates making up Oregon’s rocky shores include both volcanic and sedimentary bedrock as well as 
megaclasts, boulder, cobble and human-made (anthropogenic) structures. Some rocky shore areas are 
extensions of other shoreline rocky features such as headlands or cliffs, others exist as isolated regions 
of rock surrounded by sandy beach habitat, and some are anthropogenic in origin, having been 
deposited intentionally or unintentionally by humans. Oregon’s coastline has approximately 152 linear 
miles of rocky shore habitat, and some 20 miles of jetties.  

An example of a naturally-occurring geoform component found in Oregon’s rocky shores would be a 
tidepool. Some of the anthropogenic geoforms found in Oregon’s rocky shores include breakwaters, 
jetties, and rip rap deposits. All rocky shore habitats in Oregon are contained entirely within the 
Strategy’s planning area. 

Physical Environment 
The physical characteristics of rocky shores reflect local shoreline geology, exposure to ocean waves and 
currents, and biological influences. The Pacific Ocean exerts tremendous energy on Oregon’s rocky 
shoreline, eroding coves, widening crevices, and reducing bedrock to rubble. On the north and central 
coast volcanic basalt dominates the hard shoreline, but sedimentary sandstone and mudstone rock can 
found at several locations. Between Coos Bay and the Coquille River the geology is characterized by 
sedimentary rock. South of the Coquille River, headlands and rocks are primarily remnants of ancient 
metamorphic rocks over 200 million years old. Because of the variety of geologic origins and processes, 
Oregon's rocky shores consist of an assortment of cliff faces, wave-cut platforms, boulder fields, 
outcrops, and rubble. Each geoform presents a unique mixture of habitats that provide shelter and 
substrate to support a wide variety of life. 

Ocean forces and weather strongly influence rocky intertidal environments. Tides are the primary 
influence on organisms and communities. The physical environment of intertidal areas changes 
dramatically as the tide rises and falls, alternately covering everything with salt water or exposing it to 
air, fresh water from rain and runoff, and the sun. Wave exposure also has a primary influence on this 
environment. Intertidal areas protected from waves due to shoreline orientation or geology provide 
dramatically different habitat than areas directly exposed to wave action.  Local alongshore currents and 
ocean circulation processes introduce additional variables in the habitat, including sand scour of rocks, 
seasonal sand burial of rocky areas, and transport of nutrients, larvae, and adult organisms to and from 
intertidal sites.  

Biological Characteristics 
Rocky shore habitats are known for and crucial to their abundant and diverse biological communities. 
The variety in tidal elevations, wave exposure, and geologic structure within and among intertidal 
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habitats produces a variety of microhabitats, often within relatively small geographic areas. This, in turn, 
provides for a diversity of species adapted to life in these different microhabitats. Organisms contribute 
to the variety of habitats as well. For instance, mussels and algae attach themselves to the rocks, 
sometimes in huge numbers, providing additional structure and biogenic habitat used by intertidal 
species. Anthropogenic geoforms often take on similar biological characteristics of natural rocky shore 
geoforms, with similar biological communities using them.  

Biological communities associated with rocky intertidal habitat include algae, marine plants, attached 
and mobile invertebrates, fish, marine mammals and birds. Strategy, Watch List, and other commonly 
associated species that utilize rocky shore habitat can be found in Table 6.3 and Appendix B and C. Algae 
cover many intertidal areas with dense growth, often layered with several different species. Surfgrass, a 
marine vascular plant, often forms thick beds in lower intertidal areas, providing additional habitat 
structure for invertebrates and fish. Most rocky shore areas are extensively covered with attached 
invertebrates. Common types of attached organisms include sponges, anemones, barnacles, bryozoans, 
tunicates, and mussels. The rocks, algae, and attached invertebrates provide homes for a variety of 
mobile invertebrates such as crabs, snails, limpets, sea stars, urchins, brittle stars, nudibranchs, chitons, 
and worms. Free-swimming invertebrates, such as shrimps and drifting (planktonic) invertebrates also 
occur in tidepools or drift in with the tides. The algal and invertebrate communities in rocky intertidal 
areas often form distinct horizontal bands or zones of life according to the amount of time exposed to 
the air or covered by the tides.  

The upper reaches of the supratidal and intertidal zones experience the greatest variation in moisture, 
exposure, and salinity, and are often highly dependent on strong wave action to bring in nutrients and 
life. Compared to other rocky shore areas, fewer species are found in the high intertidal and supratidal. 
These zones are typically characterized by vegetated rocks and boulders, along with isolated crevices 
and tidepools that hold water even during low tides. Greater abundance and diversity of life is 
associated with the lower intertidal areas. The distribution of organisms living in the mid-intertidal is 
generally limited at upper elevations by environmental stressors (such as high temperatures and 
desiccation) and at lower elevations by biological interactions (such as predation and competition). 
Organisms in the lowest parts of the rocky shore area experience almost continual tidal inundation, and 
must be able to withstand the mechanical and biological stresses associated with this high-energy 
environment. 

The low intertidal serves as an important connection in the marine food web. Wave activity helps 
convert kelp and other organic debris into small fragments that are consumed by grazers and filter 
feeders and provide some nutrients to algal communities. Invertebrates and small fish provide a source 
of food for numerous bird species that forage along rocky shores.  

Fishes using the rocky shore include species adapted to live in tidepools and subtidal species that move 
in and out of the intertidal area with the tides. Tidepool fishes include a variety of sculpins, gunnels, and 
pricklebacks, among others. Rockfish species, greenlings, and surfperch often move into the intertidal 
area during high tide to feed and take refuge from subtidal predators. The rocky shore area is especially 
important to juvenile life stages of these fishes. The rocks and islands associated with Oregon’s rocky 
shores and the subtidal rocky reefs provide important seal and sea lion haulout and pupping areas, and 
support some of the largest seabird nesting colonies on the contiguous U.S. West Coast. Islands are 
another example of geoforms in the CMECS framework. Several seabird species that do not nest in 
colonies in Oregon do feed and take refuge here, including black oystercatchers, black turnstones, and 
surfbirds.  
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Rocky shores are linked to surrounding habitats by ocean currents and organism movements. Currents 
bring in planktonic organisms that help feed intertidal animals, and transport drifting larvae to and from 
intertidal environments. Currents also bring nutrients that feed the lush algal growth. Many organisms 
move in and out of intertidal habitats to feed or take refuge. Fish move in during high tides and 
terrestrial animals move in during low tides. Rocky intertidal areas are also linked to each other, 
primarily through transport of larvae by ocean currents. The proximity of intertidal habitat to other 
“upstream” or “downstream” habitats has dramatic effects on the types, abundance, and recruitment 
rates of communities and organisms.  

Ecological linkages within and between rocky shore areas help to shape biological communities and 
contribute toward the biological abundance of this habitat type. The diversity of producers and 
consumers in the intertidal create complex food webs and interdependencies among organisms. This 
complexity of organism interrelationships makes the outcome of natural or human disturbance to rocky 
shore habitats difficult to predict or measure. For instance, while human foot traffic can result in 
inadvertent trampling of organisms, anthropogenic structures such as jetties provide a unique and 
valuable rocky shore habitat at the transition between estuaries and the marine environment.  

Human Use 
Human uses of rocky intertidal areas include fishing, invertebrate and algae harvest and collection, 
education, scientific research, sightseeing, and other recreational, economic, and social pursuits. Due to 
their accessibility and the fascinating array of marine life, rocky intertidal areas receive more public use 
than many other marine habitats. Visitation by school groups and others curious about marine life 
comprises the majority of public use. For many visitors, their first and sometimes only interaction with 
the wonders of marine life comes from tidepool visits. Visitation of rocky shore areas has generally been 
increasing over the past five decades. 

Rocky shores are used extensively by researchers as a natural laboratory to increase understanding 
about general marine ecological principles. Currently, there are fifteen intertidal and subtidal sites along 
the Oregon coast that have special regulations limiting harvest or collection of organisms in order to 
enhance scientific research, as well as education and enjoyment benefits.  

Detailed descriptions of types and amount of human use at individual rocky shore sites along Oregon’s 
coast can be found in the Oregon Rocky Shores Natural Resources Inventory (ODFW 1994). 

Sandy Beaches 

Sandy beaches are a widespread feature of the entire Oregon coast and make up approximately two-
thirds of the coastline. Their distribution is interrupted by rocky shores, rocky headlands, river mouths, 
estuaries, and human constructions. Oregon’s sandy beaches are characterized by CMECS as marine 
nearshore areas in the intertidal and supratidal zones that are composed of very fine to very coarse sand 
substrate; they extend in a continuum from the Mean Lower-Low Waterline to the areas above the 
Mean Higher-High Waterline that are affected by wave splash and overwash at extreme high tides, but 
not areas affected only by wind-driven spray. Sandy beaches stretch inland until they are stopped by a 
continuous line of vegetation, debris, rocks, or other barrier. Everything beyond the reach of the waves 
and splash zone is considered terrestrial habitat. 
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Physical Environment 
Oregon’s sandy beaches are high-energy environments that experience significant wave and wind 
energy. Several million cubic meters of sand are transported to the nearshore area annually by river 
systems. Seasonal variation in wind and wave energy and currents move substantial amounts of sand 
onto or off beaches, which results in significant changes in beach character as underlying rock structures 
(bedrock and/or cobble) are exposed. In some areas, patches of ancient forest where the land dropped 
during past subduction zone earthquakes may become exposed. Currents and wave energy are other 
significant factors in moving sands onto or off of beaches at elevations that are frequently immersed; 
the lateral width of the beach will govern the area over which current and wave energy is dispersed, and 
hence determines the slope of the beach as sands are deposited or swept away. At higher elevations 
that are dry and experience infrequent immersion by tides, wind is the predominant factor in 
distributing sand, and can create windrows and mobile dunes from a few centimeters to several meters 
tall, while dunes further inland may be several stories high.  

The lateral (north-south) extent of sandy beaches is punctuated by rivers or rocky headlands where the 
transition from sand to volcanic rock can be quite abrupt.  Rivers can frequently become “bar-bound” 
during the summer and early fall months when river flows diminish due to reduced precipitation, and 
the energy of flowing water is insufficient to maintain an open, flowing channel to the sea. In such cases, 
the river or stream will flow through the sand in its final stages.  Bar-bound rivers are generally freed by 
fall rains on the Oregon coast that increase river flows and wash sand out of the river mouths to re-
establish a channel of flow.  Fall rains and the breaking of blocking bars are important in restoring access 
to fresh-water streams for anadromous fishes. 

The supratidal zone and upper range of the intertidal zone are subject to the greatest variation in 
temperature and moisture and the least physical energy from the ocean. The intertidal zone, particularly 
its lower reaches, receives much greater physical energy from waves and currents, and also experiences 
the least variation in temperature. 

Biological Characteristics 
The movement of sand by water and wind energy makes sandy beaches largely unsuitable for rooted 
and attached organisms. However, between the grains of sand in the intertidal zone is a vast multitude 
of life too small to see with the naked eye, including diatoms, harpacticoid copepods, amphipods, and 
algae, among others. Larger invertebrates can be found here as well, including crustaceans, mollusks, 
and diverse worm taxa. Many of the resident invertebrates burrow in the sand during periods of 
exposure for protection from desiccation and/or predation, and emerge to forage as tides permit.  

Biological communities of the upper intertidal and supratidal zones of sandy beaches are often based on 
the resources provided by the incoming tides and deposited at the high tide line. Once in the intertidal 
zone, the detritus is broken down by the mechanical force of waves pounding against the shore and the 
industry of the many organisms that live and forage there. Organisms of the mid and lower intertidal, 
particularly the small invertebrates, provide food resources for numerous larger invertebrate, fish, and 
bird species. Some marine mammals intentionally use this zone to rest, hauling themselves out of the 
ocean to lay on the sand.  

Strategy, Watch List, and commonly associated species that are associated with general sandy beach 
habitats, or specific to distinct sandy beach types, are listed in Table 6.3 and Appendix B and C, 
respectively. Surf smelt use particular beaches to lay their eggs in the intertidal zone. Native littleneck 
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and razor clams burrow below the sand and feed on plankton when the ocean water covers them. 
Western snowy plover nest either in the supratidal zone or above and feed in the intertidal sandy areas. 
Sanderlings gather in loose flocks in the winter months to feed on the rich array of invertebrates under 
the sand as the waves recede.  Harbor seals rest on sandy beaches and northern elephant seals come 
ashore to molt, usually in the supratidal zone.  

Human Use 
Sandy beaches attract substantial human use at all levels of the intertidal and supratidal. Their easy 
access and wide variety of organisms and ecological processes attract scientific interest. Thanks to their 
uniform, comfortable surface, sandy beaches are valued for a wide variety of recreational activities 
including sightseeing, picnicking, walking, running, agate-hunting, and kite flying.  Lower portions of 
beaches are also launch and recovery areas for surfers, windsurfers, kite boarders, sea kayakers, and 
some sailboats, power boats, and personal watercraft. Wildlife found at sandy beaches is highly valued 
by humans for everything from bait or dinner to instructional or aesthetic uses. Driving is permitted on 
some Oregon beaches, but not all. All beaches in Oregon are free for the public to access. 

Estuaries 

Estuaries are characterized by tidally-influenced waters that have a surface connection to the sea. The 
connection may be permanently open, restricted, or intermittently closed. Oregon’s estuaries are part 
of the Coast Range ecoregion and are a critical interface between the terrestrial environment of coastal 
watersheds and the nearshore marine environment.  Estuaries are designated as a Strategy Habitat in 
the Oregon Conservation Strategy and the riverine portions are discussed there. The Nearshore Strategy 
focuses on species and habitats where saline marine waters influence the ecological communities.   

The estuarine system extends from the mouth of the estuary, defined by an imaginary line connecting 
the two most seaward portions of land, upstream to the head of tide where the average difference in 
water level caused by tides is 0.2 feet (0.06 m). Estuarine tidal basins are generally narrow and 
elongated throughout their upper riverine regions, and may be broad and shallow in the middle and 
lower regions before making the connection to the sea. These basins are typically drained and filled by a 
primary tidal channel that is connected to numerous secondary and tertiary channels, inlets, sloughs, 
and tidal creeks.   

Physical Environment 
Within the CMECS framework, the Oregon estuarine aquatic system is defined by geomorphology of the 
tidal basins and by the salinity regime of the brackish waters.  The estuarine system is composed of 
several subsystems, including: (1) tidal riverine coastal; (2) tidal riverine coastal –diked (3) tidal riverine 
open water; (4) coastal; (5) coastal – diked; and (6) open water.  Although the riverine subsystems 
greatly influence the lower portions of the estuaries, the species and habitats in the nearshore 
ecoregion all occur in the coastal and open water subsystems where the average salinity during the 
summer dry season / low freshwater flow period is greater than 0.5 practical salinity units.  

Oregon’s estuaries exhibit a wide variety of CMECS geoform components such as bays, beaches, berms, 
boulder fields, channels, coves, deltas, islands, lagoons, levees, marsh platforms, mega-ripples, rubble 
fields, shoals, shoreline, sloughs, spits, stacks, tidal creeks, tidal flats, and tidepools.  The estuaries also 
contain a diverse variety of geoforms with biogenic origin such as burrows, bioturbation areas, and shell 
beds. Anthropogenic origin geoforms are widely represented in the Oregon estuaries and include 
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aquaculture structures, boat launches, breakwaters and jetties, bridges, bulkheads and seawalls, dikes 
and levees, docks and piers, dredged channels, dredge deposit and fill areas, harbors and marinas, 
intakes and outfalls, pilings, rip-rap, and wharves.   

Mapping efforts of Oregon’s estuaries utilizing CMECS components is underway and an online tool for 
viewing estuary maps is available at: http://www.coastalatlas.net/estuarymaps/. This is a work in 
progress and data for various CMECS components is not yet complete. It is designed to help with 
planning efforts and is administered by the Oregon Coastal Management Program. An example of a 
geoform components map of Yaquina Bay shows a number of its geoforms for which data are available 
(Figure 6.9). 

Biological Characteristics 
Oregon’s estuaries are dynamic and productive components of the nearshore coastal ecosystem. They 
harbor a rich diversity of species, habitats and ecological communities. This highly complex, productive 
habitat is critical for many fish and wildlife species, including salmon, crabs and other shellfish, juvenile 
marine fish, marine mammals and birds. Primary production in estuary habitats is among the highest of 
any on earth, meaning that both the visible and microscopic plants produce a tremendous amount of 
carbon material (from photosynthesis) that supports the base of the food web. Tidal marshes are 
particularly productive and produce plant material that, when it dies seasonally, is broken down by 
microscopic bacteria to serve as food for many organisms which in turn are eaten by larger ones as 
material is distributed throughout the estuary with the tides. Estuaries and eelgrass beds are habitat 
types that have been designated as a Habitat Area of Particular Concern under NOAA Fisheries’ Essential 
Fish Habitat regulations for salmon and groundfish species.  Efforts to maintain and restore estuaries will 
benefit many wildlife and commercially important species.  

Many Strategy, Watch List, and other commonly associated species utilize Oregon’s estuaries during 
parts of their life history (Table 6.3, Appendix B and C).  For some, such the blue mud shrimp and 
Olympia oyster, the adult and reproductive stage is entirely in estuaries.  Longfin smelt also spawn in 
estuaries. Native eelgrass is an important habitat forming species in estuaries. Native eelgrass and the 
habitat it provides is utilized by several Nearshore Strategy Species, for example: Black brant, Dungeness 
crab, black rockfish, copper rockfish and kelp greenling.  Eelgrass is also an important spawning 
substrate for Pacific herring, an important forage fish species.  Complex ecological communities occur in 
the different regions of Oregon bays and estuaries. Many invertebrates such as gaper clams, butter 
clams, native littleneck clams, softshell clams, and cockles live in the soft sediments along with 
polychaete worms, amphipods and burrowing shrimp. Other species, like barnacles, mussels, oysters, 
tunicates, and hydroids live attached to hard surfaces. More mobile species such as fishes, sea stars, 
birds and marine mammals utilize a wider variety of habitats. Starry flounder, English sole, sand sole, 
staghorn sculpins, and sturgeon are benthic feeders that utilize subtidal habitat to locate their prey. 
Salmonid species that utilize and move through estuaries include Chinook, Coho salmon, and chum 
salmon, steelhead and coastal cutthroat trout. Pelagic fishes like eulachon, topsmelt, Pacific herring, 
longfin smelt, surf smelt, northern anchovy, and Pacific sand lance also utilize Oregon estuaries.  
Estuaries provide important wintering habitat for waterfowl and migration feeding area stopovers for or 
a wide variety of shorebirds. The tidal channels, sand flats, and mudflats are also used regularly by 
raccoons and river otters. 

The CMECS biotic components are determined by the dominant biota, defined as those with the 
greatest percent coverage. Although planktonic maps and maps of fauna associated with bottom 
substrate are possible, most mapping work in Oregon estuaries has focused on vegetation cover. An 
example of a biotic component map for Yaquina Bay (Figure 6.10) shows available CMECS biotic 
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information along with more specific work that focused on eelgrasses. Gathering data to improve 
mapping the biotic components of Oregon’s estuaries is a work in progress that is anticipated to be 
valuable for planning, management, research and monitoring purposes. 
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Figure 6.9. Map of Yaquina Bay depicting CMECS Geoform Components  of geologic and anthropogenic oregin.
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Figure 6.10. Map of Yaquina Bay with CMECS Biotic Components. 

ONS 118



Oregon Nearshore Strategy - Draft Final for Commission - September 2015 (last updated 8/12/15) 

Human Uses 

Oregon has 22 major estuaries (Figure 6.11) and many other smaller estuaries along its coast. Many 
coastal cities developed around estuaries. People use estuaries for recreational and commercial harvest 
of fish and shellfish, navigation and shipping, ports for recreational and commercial vessels, shellfish 
aquaculture, hunting, sightseeing, bird watching, 
sailing, and other recreational and commercial 
activities. Portions of most of the larger estuaries 
have been altered through dredging, filling or 
diking. Many of the smaller estuaries remain in a 
more natural state. Twenty-two cities, seven 
counties, and thirteen port districts have planning 
or management responsibilities for Oregon's major 
estuaries and work with the Oregon Coastal 
Management Program and other state and federal 
agencies. Oregon utilizes a four level estuary 
classification system that defines the level of 
development permitted: natural; conservation; 
shallow draft development; and deep draft 
development. Natural estuaries are usually little 
developed for residential, commercial or industrial 
uses and include Sand Lake, Salmon River, Elk River 
and Pistol River. These estuaries do not have 
maintained jetties or channels. Conservation 
estuaries are within or adjacent to urban areas 
which have altered shorelines. These include the 
Necanicum River, Netarts Bay, Nestucca River, Siletz 
Bay, Alsea Bay and Winchuck River. Like natural 
estuaries maintained jetties and channels are 
absent. Shallow draft estuaries include Nehalem 
Bay, Tillamook Bay, Depoe Bay, Siuslaw River, 
Umpqua River, Coquille River, Rouge River, and 
Chetco River. These estuaries have maintained 
jetties and a main channel maintained by dredging 
to 22 feet (6.7 m) or less. Oregon’s three deep draft 
estuaries, the Columbia River, Yaquina Bay and 
Coos Bay, are maintained by dredging to depths of 
22 feet or deeper and have maintained jetties. This 
management classification system is designed to 
preserve the inherent diversity among Oregon's 
estuaries, and to guide the process of residential 
and industrial development in estuaries that have 
been altered and which can support further 
urbanization.  Figure 6.11. Oregon’s 22 major estuaries are 

classified into four levels for development and 
planning purposes. 
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7. FACTORS AFFECTING NEARSHORE STRATEGY SPECIES AND 
HABITATS 
As human populations and activities in and around Oregon nearshore waters increase, so too do the 
impacts on fish, wildlife and the habitats they utilize. The factors affecting species and their habitats are 
often intertwined, and anthropogenic impacts may be exacerbated by naturally occurring processes. 
This chapter identifies factors that could adversely affect key nearshore habitats and species, and 
possibly require management action. Cumulative impacts should be considered in addition to individual 
effects. The list of the factors affecting Strategy Species and their habitats was initially developed for the 
original Nearshore Strategy has been revised here in light of new information from scientific literature 
and input from researchers, subject matter experts, and the public.  
 
Over the last decade, new research has provided a better understanding of factors that may impact 
Oregon’s nearshore environment. For example, ongoing research on the impacts of global climate 
change and ocean acidification to organisms and habitats in Oregon’s nearshore waters is beginning to 
describe the far-reaching effects of these stressors (Figure 7.1). Impacts of the increase of atmospheric 
carbon dioxide and other greenhouse gasses on the marine environment include, but are not limited to, 
increasing ocean temperatures, sea level rise, changing circulation and weather patterns, and changes in 
ocean chemistry (Bindoff et al. 2007, Rhein et al. 2013). There are new analyses that provide insight into 
the vulnerability of many species to overfishing (Essington et al. 2015, PFMC 2014), and to its effects on 
ecosystems. There is more information available about sustainable levels of harvest and fishing practices 
(Dick and McCall 2010, Essington et al. 2015). Additionally, new resource issues have arisen in the last 
ten years that could potentially affect species, habitats and biological communities. For example, the 
widespread emergence of sea star wasting syndrome along the west coast and the work on offshore 
renewable energy development have raised conservation concerns in Oregon since 2006. Table 7.1 and 
text briefly summarize the natural and anthropogenic factors that impact Strategy Species and their 
habitats, along with the potential sources of those factors.  
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Figure 7.1. Diagram depicting the effects of increased atmospheric carbon dioxide on global oceans 
including Oregon’s coastal and nearshore enviroments and the species living there. 
 
 

Table 7.1. Factors Affecting Nearshore Strategy Species and Habitats  

Natural Factors Potential Sources 

Alteration of oceanographic 
regimes 

• El Niño 
• La Niña 
• Droughts (alters freshwater inflow) 
• Pacific Decadal Oscillation 

Disease and biotoxins • Harmful algal blooms  
• Sea star wasting syndrome 

Loss / alteration of habitat  • Earthquakes / tsunamis / volcanic eruptions  
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Table 7.1. Factors Affecting Nearshore Strategy Species and Habitats  

• Large storms 
• Droughts (alters freshwater inflow) 

Water quality degradation • Hypoxia events 
• Naturally occurring toxic compounds such as arsenic 

Anthropogenic Factors Potential Sources 

Invasive species (including disease 
introduction) 

• Aquaculture 
• Aquarium pet trade 
• Research facilities and public aquariums 
• Some fishing operations (e.g., herring roe which may entail importing 

kelp on which the roe can be deposited) 
• Transport of live animals and plants 
• Vessel operations / transportation / navigation 
• Ballast water 

Loss / alteration of habitat and 
oceanographic regimes 
 

• Agriculture and forestry practices 
• Altered freshwater inflow (created by dams upstream, etc.) 
• Artificial reefs 
• Aquaculture 
• Beach grooming  
• Climate change (global warming) 
 Increased air and water temperature 
 Changes in upwelling and ocean circulation patterns 
 Sea level rise 
 Altered river inputs 
 Larger storm events (coastal erosion) 
 Ocean acidification and hypoxia 
 Ocean stratification 
 Erosion 

• Beach nourishment 
• Coastal and estuary development 
• Dredging and dredged material disposal 
• Diking 
• Fishing methods and gear (including derelict gear) 
• Fish processing waste (increased turbidity and surface plumes) 
• Harvest of habitat-forming organisms (e.g., kelp, mussels) 
• In water structures (e.g., jetties, seawalls) 
• Marine mining 
• Oil / gas exploration / development / production 
• Offshore renewable energy development 
• Overwater structures (e.g., mooring buoys, floating docks) 
• Point source discharge 
• Removal, resulting in loss, of keystone species 
• Submarine cable and pipeline installation 
• Trampling (on rocky intertidal) 
• Vessel operations / transportation / navigation 
• Water intake structures / discharge plumes  
• Wetland and aquatic fill 
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Table 7.1. Factors Affecting Nearshore Strategy Species and Habitats  

Noise pollution / noise disturbance • Dredging 
• Oil / gas exploration / development / production 
• Offshore renewable energy development 
• Seismic studies 
• Submarine cable and pipeline installation 
• Vessel operations / transportation / navigation 
• Pile driving/sea wall construction 

Oil spills • Nonpoint source runoff from coastal areas (roads, parking lots, 
driveways, etc.) 

• Oil / gas exploration / development / production 
• Other spill sources (highways, trains) 
• Vessel operations / transportation / navigation 
• Offshore renewable energy development 

Overexploitation • Bycatch and incidental catch associated with commercial and 
recreational fishing, and scientific collection 

• Collection for scientific, educational, and public display 
• Commercial fishing / harvest 
• Poaching / illegal harvest 
• Recreational fishing / harvest 

Water quality degradation Nonpoint source pollution: 

• Agricultural / nursery runoff 
• Changes in river temperature (land use practices) 
• Climate Change (global warming)  
 Changes in temperature (global warming) 
 Hypoxia events 
 Ocean acidification 

• Fish processing waste 
• Land development 

 road building and maintenance 
 runoff from faulty septic tanks 
 storm water runoff 
 urban / suburban development 

• Pesticides / fertilizers 
• Silviculture / timber harvest 

 
Point source pollution: 

• Aquaculture 
• Dredged material disposal 
• Dredging 
• Fish processing waste 
• Marine mining 
• Ocean dumping 
• Offshore renewable energy development  
• Oil / gas exploration / development / production 
• Sewage discharge 
• Submarine cable and pipeline installation 
• Vessel operations / transportation / navigation 
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Table 7.1. Factors Affecting Nearshore Strategy Species and Habitats 

Wildlife disturbance • Aircraft
• Boating (recreational and commercial)
• Hiking / human presence / trampling
• Light pollution
• Noise pollution
• Oil / gas exploration / development / production
• Offshore renewable energy development Scientific research
• Vehicles (driven on the beach)
• Whale watching and other wildlife viewing

Climate Change and Ocean Acidification 
The Intergovernmental Panel on Climate Change found that the Earth’s climate is warming as a result of 
increase in atmospheric carbon dioxide concentrations (IPPC 2007). Broader changes in the earth’s 
climate will certainly influence the dynamics of the Oregon nearshore ocean. Additionally, the uptake of 
carbon dioxide changes the chemical equilibrium of seawater, resulting in ocean acidification (IPCC 
2007). Impacts of climate change on the marine environment include increased ocean temperatures, sea 
level rise, changing oceanic circulation and weather patterns, ocean acidification and other changes to 
ocean chemistry. From 2013 to 2015, the West Coast Ocean Acidification and Hypoxia Science Panel, a 
group of scientists from California, Oregon, Washington, and British Columbia, convened to identify 
strategic data gaps, and develop research and management recommendations for state and federal 
decision-makers.  During the last 10 years, ocean acidification has become a priority for decision-makers 
regionally and nationally, including commitments and policy attention by the Pacific Coast Collaborative, 
the West Coast Governor’s Alliance on Ocean Health, the National Oceanographic and Atmospheric 
Administration, among others.  

Due to the complexity of the ocean and the relative scarcity of studies at varying scales, the specific 
impacts of climate change and ocean acidification to Oregon’s nearshore environment are not entirely 
clear (Mote et al 2010). In order to provide insight into potential impacts of climate change and ocean 
acidification, as well as guide future management efforts, ODFW developed a policy analysis of climate 
change factors that are known to or are anticipated to impact nearshore resources, for the 2012 
Strategy update. This analysis is laid out in a technical supplement designed for use by resource 
managers and decision makers, as well as in a series of fact sheets highlighting impacts in Nearshore 
Strategy habitats. The technical supplement and fact sheets are included as appendices in this updated 
edition of the Nearshore Strategy (see appendices A through D).  

Water Quality Degradation 
Poor water quality can stem from both natural and anthropogenic sources, and has far-reaching and 
direct impacts on nearshore species and their habitats. Natural sources include harmful algal blooms 
that produce toxins and sediments from storm runoff that increase turbidity. Anthropogenic point 
source and non-point source pollution can substantially alter marine and estuarine water quality. Urban 
runoff and storm water discharge are the leading sources of pollution in coastal waters in the United 
States, according to the Environmental Protection Agency’s 2012 Coastal Condition Report. These 
discharges can include pesticides, heavy metals, sediments, trash, nutrients, bacteria, petroleum 
products, and sewage overflow. Beach closures, due to health risks from pollution discharges, are a 
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concern in Oregon with increasing coastal development and population growth. Atmospheric carbon 
dioxide absorbed by ocean waters has resulted in more acidic ocean waters in Oregon (Feely et al. 
2008). All of these factors may differentially impact nearshore species and their habitats, and may have 
more severe cumulative effects when they occur together.  
 
Alteration or Loss of Habitat 
All of the habitats found in nearshore environments are vulnerable to habitat alteration or loss, and 
resulting impacts on species that use these areas during spawning, rearing, breeding, feeding, shelter, 
and other life stages. Factors that can degrade habitats result from both natural and anthropogenic 
causes. Examples include coastal development and associated construction, shoreline armoring, and 
alteration of hydrologic regimes; dredging and dredged material disposal; aquaculture; and global 
climate change. Effects can be direct or indirect, of varying intensity and duration, and multiple factors 
may interact to produce significant cumulative impacts. 
 
Surf smelt and Pacific sand lance offer an example of species affected by alteration of sandy intertidal 
habitats. These forage fish species spawn on beaches in the intertidal zone. Anthropogenic beach 
modifications reduce the number of offspring produced by surf smelt and also may affect Pacific sand 
lance spawning and winter rearing habitat (Rice 2006, Krueger et al. 2010). Estuarine habitats have been 
altered or lost due to human development activities, such as dredging, filling, diking, hydrologic 
modifications, and urbanization. Salt marshes and other tidal wetland types have been diked, drained, 
and converted to pasture, resulting in substantial habitat alteration or loss. Industrial and residential 
development, new pilings, docks, or bridge structures, and aquaculture practices that reduce eelgrass 
beds and disturb winter waterfowl are also associated with habitat alteration or loss. Estuarine 
development closer to the ocean can impact habitats, as well. For example, building and maintaining 
jetties, piers, breakwaters, marinas and navigation channels including disposal of dredge materials can 
alter the habitat and impact Oregon Nearshore Strategy Species. 
 
Derelict fishing gear includes nets, lines, pots, or other commercial or recreational fishing debris that is 
abandoned or lost and left unattended in the marine environment. Derelict fishing gear may disturb 
rocky reef and soft-bottom subtidal habitats. In addition, derelict gear poses a hazard in the neritic zone 
as well, where it may continue to catch and wound or kill fish, shellfish, birds, and marine mammals that 
become entangled. An estimated 10,000 crab pots are lost and become derelict annually (ODFW 2014). 
Collaborative projects between ODFW and the fishing industry to remove derelict gear in 2009 and 2010 
recovered more than 3,100 crab pots and associated buoy lines off the Oregon coast with the majority 
of them still in usable condition. Marine organisms recovered in these pots were returned to the sea 
including over 6,000 legal sized Dungeness crab. These efforts have continued and there is now a permit 
program for vessels to voluntarily collect derelict crab pots each year once the crabbing season is over. 
In 2014, almost 650 pots were recovered. Loss of other gear types is less well documented. 
 
As the earth warms with global climate change that main reservoir for heat energy is the ocean. 
Oregon’s coastal surface waters (< ~650 feet or 200 meters) have warmed an average of 0.5º F (0.3º C) 
per decade over this time period and are predicted to increase by approximately an additional 2.2 º F 
(1.2º C) by the mid-21st century (Mote et al. 2010). Warming ocean temperatures appear to be causing a 
northward shift in the distribution of fish and other mobile animals, likely associated with species-
specific temperature requirements (McKinnell et al. 2010, Perry et al. 2005). Poleward movement of 
marine fishes may actually increase species richness at temperate latitudes. Species exhibiting these 
shifts or range expansions tend to be smaller, which will change the energy flow through the food web 
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and alter the dynamics of the ecosystem. Poleward population shifts may also be linked to temperature-
associated food source availability. Some fish species exhibit enhanced growth and survival when cool 
water zooplankton is available because this food base provides greater biomass and higher energy 
content. 

Alteration of Oceanographic Regimes 
Nearshore ecosystems depend on dynamic oceanographic processes such as currents, upwelling, 
freshwater input and sediment transport. Alteration of oceanographic regimes can stem from both 
anthropogenic stressors (e.g., climate change or altered flow regimes from dams), or from natural 
factors (e.g., El Niño and the Pacific Decadal Oscillation).  

Coastal upwelling, driven by spring and summer northerly winds, provides the nutrients that make 
Oregon’s ocean environment so productive. Part of the reason Oregon’s nearshore ecosystem is 
productive is the particular pattern of upwelling that starts in early spring and then occurs intermittently 
through the spring and summer (Menge and Menge 2013). There is growing evidence that, over time, 
upwelling will increase in intensity, be less intermittent, and start later in the year due primarily to 
changes in wind patterns resulting from global climate change (Bakun 1990, Barth et al. 2007, Iles, et al. 
2012, Sideman, et al. 2014). These shifts in the upwelling pattern will change the ecosystem off of 
Oregon, but the exact nature and severity of the changes is not yet known. Water temperature is a key 
factor in determining the strength of mixing in the nearshore, with higher temperatures inhibiting 
mixing because stratified layers of warm surface waters mix less easily with colder, deeper water. As the 
climate warms, the upper ocean will almost certainly be more stratified on average. The thermocline 
(the relatively distinct layer of steep temperature gradient) is 32 – 65 feet (10 – 20 meters) deeper off 
Oregon in the early 21st century, compared with the middle of the 20th century (Huyer et al. 2007). 
Stronger stratification will make ocean mixing due to wind patterns less effective at bringing nutrients to 
the surface, thereby reducing primary productivity (Hoegh-Guleberg et al. 2010).  

The Oregon coast has a complex shoreline consisting of beaches, estuaries, and rocky shores, along with 
manmade structures such as jetties. Jetties, breakwaters, and other structures built out into the water 
from shore can alter the depth and shape of nearby sand bottoms and can alter localized oceanographic 
characteristics such as patterns of currents and sediment transport. In Oregon, jetties exceed 19.5 miles 
in total length, with about nine miles of structure extending out into the ocean beyond the high tide line 
(ODFW 1994). Shoreline stabilization structures, such as riprap and seawalls, have been constructed in 
many developed areas along the Oregon coast to protect coastal property from erosion due to wave 
action. These structures can block or alter the natural littoral drift of sand along the coast and can 
deprive some beaches of sand, while in other areas increase the deposition of sand (Brown and 
McLachlan 1990). 

Alteration of the hydrologic regime in upper freshwater systems can have downstream effects on 
estuarine and nearshore environments. Dams located on rivers may serve as sources of hydropower, act 
as reservoirs for water storage, or be used for flood control. Dams can change the amount and timing of 
freshwater influx into estuaries and the nearshore ocean. This may result in an alteration of river plume 
fronts within the marine environment, including changes in the direction of flow of the river plume, 
availability of nutrients and sediment being brought into the marine system, and changes in water 
chemistry composition from suppressed mixing of fresh and saltwater. These alterations can in turn 
affect the species that are dependent on river plume microhabitats, and alter species composition 
within the area. 
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Hypoxic (low oxygen) events have occurred frequently off the central Oregon coast in the past decade. 
In 2002, a particularly strong hypoxic event resulted in kills of crab and fishes in the nearshore 
environment. Retrospective analyses suggest that these dense, cold, low-oxygen waters are transported 
from the Gulf of Alaska southward along the shelf break, where they can then be drawn up onto the 
continental shelf by the upwelling conditions that characterize the Oregon coast during the summer. 
During 2002, this hypoxic water transport coincided with a subsequent period of calmer winds that led 
to stratification of the coastal waters, limited water mixing and exacerbated the hypoxic event leading 
to the observed fish kills (Granthem et al., 2004). Hypoxic events in coastal waters were also been 
observed in 2004 and 2005. In 2006, anoxic conditions were first documented in Oregon’s nearshore 
waters and after examining five decades of available records, scientists concluded that these types of 
hypoxic and anoxic conditions on the inner continental shelf off Oregon were not evident before 2000 
(Chan et al., 2008) and may be a result of climate change and related changing ocean chemistry. 

Overexploitation  
State and federal management of Oregon’s fisheries adheres to strict mandates for sustainability, using 
the best available information and employing a precautionary approach when data are sparse or 
uncertainty is high. Because of this, Oregon is recognized as a leader in fishery monitoring and 
management. Despite many successes, unsustainable overexploitation via excessive harvest, bycatch or 
collection continues to be a concern for some nearshore species and habitats. This includes harvest of 
nearshore resources for human consumption or use, incidental bycatch in fisheries, and illegal poaching 
along with collection for scientific research, aquarium display or educational purposes. Overexploitation 
affects targeted or bycatch species populations directly, and it indirectly affects nearshore species 
through alteration of food webs and community dynamics.  

An example is the removal of large predators from neritic waters. Large predators are often key in 
determining the depth distribution and aggregation of prey. Their removal can result in changes in the 
foraging behaviors and success of a whole suite of other predators in the system (Dayton et al 2002). 
Furthermore, many nearshore rocky reef species are vulnerable to overexploitation due to the 
cumulative effects of low productivity and infrequent recruitment, compounded by incidental bycatch in 
non-targeted fisheries (e.g., yelloweye rockfish). 

Noise Pollution 
Noise caused by vessel operations, sonar, offshore energy development or production, dredging, 
construction, and seismic studies may disturb marine mammal and fish populations in nearshore and 
estuarine habitats. Acoustic disturbances may stress, displace, or even damage individuals in the 
affected area. Marine mammals rely heavily on sound to communicate and navigate the oceans. 
Numerous studies have demonstrated behavioral changes of marine mammals responding to exposure 
of anthropogenic activities (Nowacek et al. 2007). These responses have ranged from subtle short-term 
behavioral changes, to longer-term population level impacts (Richardson et al. 1995, Lusseau 2003, 
Consantine et al. 2004). Cetaceans are particularly vulnerable to noise disturbance, particularly harbor 
porpoise (Tougaard et al. 2012), along with gray whales (Malme et al. 1983).  

Most fish species have hearing capability, but specific studies on hearing have only been conducted on a 
very small fraction of species, and there are very few studies on the effects of anthropogenic noise on 
fish. Thomsen, et al. (2006), Hastings and Popper (2005), Popper and Hastings (2009), and Popper et al. 
(2014) reviewed peer-review and grey literature on the effects of noise on fish, and Popper, et al. (2014) 
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have proposed sound exposure guidelines for fish. Noise can affect fish behavior, communication and, in 
extreme cases, cause direct tissue damage resulting in immediate or delayed mortality (Thomsen, et al. 
2006; Hastings and Popper 2005; Popper and Hastings 2009; Popper et al. 2014). Behavioral avoidance 
of noise can alter fish migration and schooling which can impact foraging, predator avoidance, or 
reproductive success.  

Oil Spills 
Oil spills can have devastating effects on nearshore fish, wildlife and habitats. Sources of oil spills may 
include tanker accidents, unintended spillage from the cleaning of oil tanks at sea, and runoff from 
upland sources such as roads. The water-soluble components of various types of crude oils and refined 
petroleum products contain compounds that are toxic to many types of marine plants and animals. 
Feathers of marine birds exposed to oil lose their water repellant qualities and the birds may ingest oil 
which poisons them. Marine birds that feed intertidally in sandy beach habitat or in the surf-zone are 
especially vulnerable to oiling, which can lead to death (Brown and McLachlan 1990; Clark 2001). In 
addition, large amounts of stranded oil may smother and kill marine organisms.  

All of the habitats found in Oregon’s waters are vulnerable to oil spills. The type of oil spilled, how 
weathered the oil or petroleum product is when it reaches the shore, characteristics of the substrate, 
and level of exposure to wave energy are all factors that contribute to the degree of damage to 
shoreline habitats and associated organisms.  

Offshore, water-soluble fractions of crude oil and refined petroleum products can cause immediate toxic 
effects on all life stages of marine organisms near the water’s surface. Plankton occurring in the top 
layers of the water column are assumed to be particularly at risk since they would be exposed to the 
highest concentrations of the water soluble compounds leaching out of the spilled oil. Alterations in 
phytoplankton production caused by an oil spill can result in indirect effects on microfauna and 
macrofauna that are dependent on the quantity and quality of phytoplankton primary productivity. 
Alterations to phytoplankton productivity appear to only last for short periods of time and have greater 
effects on oceanic than coastal species (Brown and McLachlan 1990; Clark 2001, González et al. 2009).  

Kelp beds are vulnerable to exposure to crude oil and refined petroleum products, because the floating 
oil is more likely to have an impact on plants and animals on the water’s surface than those residing 
deeper in the water column. Studies in Washington State found that weathered diesel fuel was the most 
toxic to bull kelp (Nereocystis luetkeana). The study also found unweathered intermediate fuel oil, 
unweathered diesel fuel, weathered intermediate fuel oil, unweathered crude oil, and weathered crude 
oil have decreasing amounts of toxicity, respectively (O’Clair and Lindstrom 2000). 

Invasive Species 
Globalization has increased the rate at which non-native species are introduced to new habitats where 
they can be invasive. Non-native and invasive species are a concern for Oregon’s estuaries and 
nearshore waters. Non-native species arrive in a variety of ways including aquaria releases, aquaculture 
escapes, intentional introduction, hitch hiking on boats or recreational equipment, seafood packing and 
disposal, and perhaps most importantly, ballast water. Ship ballast water is known to carry viable 
organisms from one body of water to another and it is estimated that over two-thirds of recent species 
introductions in marine and coastal areas are likely due to this ship-borne vector. International shipping 
(including its ballast water component), followed by aquaculture, have been identified as the two 
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greatest sources of introductions of marine and estuarine invasive species worldwide (Molnar et al. 
2008).  
 
Non-native species can adversely affect native species by various means including competing for food 
and space, spreading diseases new to the area, producing toxins. Detecting the first arriving individuals 
of non-native species may be the "key" to managing invasions because they can be the most readily 
eradicated or contained. This highlights the importance of prevention and monitoring programs. 
Invasions are more complicated to respond to over time as populations expand. 
 
One well-documented invasion in Oregon is the Griffen’s isopod (Orthione griffenis), native to Asia and 
likely introduced via ship ballast water during the 1980’s. This parasitic isopod can draw enough blood 
from the blue mud shrimp (Upogebia pugettensis) to prevent it from reproducing. The introduction of 
this parasite has been linked to substantial population declines of blue mud shrimp in many Pacific 
Northwest estuaries (Griffen 2009, Dumbauld et al 2011, Chapman et al. 2012).  
 
Another well-documented invasion is the European green crab (Carcinus maenas), native to the 
northeast Atlantic and Baltic Sea coasts, which was first seen in San Francisco Bay in 1989. Pelagic 
Carcinus larvae can survive for up to 80 days in coastal waters and then return to adjacent bays and 
estuaries to settle. The expansion of Carcinus from San Francisco Bay likely occurred on coastal currents 
south to Monterey Bay and northward to Humboldt Bay, California. The spread to Coos Bay, and 
Yaquina Bay, Oregon, Willapa Bay and Grays Harbor, Washington, and the west coast of Vancouver 
Island occurred following the strong El Niño of 1997/1998. The expansion of Carcinus up the east coast 
of the U.S. to Maine occurred over an approximately 120 year period, culminating in the collapse of the 
soft-shell clam industry in Maine. Carcinus could possibly threaten Dungeness crab, oyster and clam 
fisheries and aquaculture operations in the Pacific Northwest.  
  
Larvae of the European green crab and the Asian Griffen's isopod have relatively long pelagic phases 
that survive only in the ocean. The recently introduced purple varnish clam Nuttallia obscurata has 
spread down the coast via planktonic dispersal. Coastal ocean conditions are thus critical determinants 
of biological invasions of estuaries, but the processes and possible management strategies for limiting 
ocean dispersal of invasive species are unknown. 
 
Estuaries are especially susceptible to adverse impacts from invasive plants and animals. Invasive plants 
can alter water circulation and sediment patterns. For example, common cordgrass , which has been 
documented in two Oregon estuaries and is well-established in Washington and California, reduces mud 
flat habitats, disrupts nutrient flows, displaces native plants and animals, and traps sediments, which 
changes the beach profile and water circulation. Three other cordgrass species have invaded the Pacific 
coast and could potentially pose a threat to estuaries.  
 
During the 2012 Nearshore Strategy updates, ODFW staff first worked with experts to identify non-
native species and potentially invasive species known to occur in the nearshore ocean and estuaries of 
Oregon, California, and Washington. This information is updated in the 2015 revision. More than 200 
non-native species have been identified in Oregon marine and estuarine waters, of which 14 were 
classified as invasive (see Appendix G). 
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Wildlife Disturbance 
Rocky shores, sandy beaches, estuarine areas and adjacent terrestrial habitats are important to marine 
birds, shorebirds, pinnipeds, and other wildlife species as foraging areas, nesting places, and haulout 
sites. Human presence can disturb wildlife using these important areas. Adverse effects stemming from 
wildlife disturbances may include short-term or permanent abandonment of eggs or young by adults, 
changes in foraging or other behaviors, and greater susceptibility to predators. Human presence 
resulting in wildlife disturbances may be from activities such as walking/hiking, wildlife viewing, boating 
(motorized and man-powered), aircraft flying in the vicinity, educational excursions, or scientific 
research. 
 
Harmful Algal Blooms 
Harmful algal blooms in marine waters can kill fish, marine mammals and birds, and threaten human 
health when resulting toxins are concentrated in shellfish and other species consumed as food. Harmful 
algal blooms have been increasing worldwide (Gilbert et al. 2005) and this increased frequency and 
intensity has been linked to climate change. Two primary forms of toxic effects are linked to harmful 
algal blooms in Oregon marine waters: paralytic shellfish poisoning and domoic acid poisoning (Lewitus 
et al. 2012). Both toxins can affect marine birds and mammals as well as humans. Paralytic shellfish 
poisoning has been linked to a suite of toxins produced by blooms of phytoplankton diatoms belonging 
to the genus Alexandrium. Several species of diatoms in the genus Pseudo-nitzschia produce domoic 
acid, which causes amnesiac shellfish poisoning in humans. These diatoms and the toxins they produce 
are concentrated by organisms that feed on them directly. Numerous species including razor clams, 
mussels, Pacific littleneck clams, geoduck and manila clams, Pacific oysters, Dungeness and rock crabs, 
Pacific sardines, Pacific anchovies, and market squid are reported to be bioaccumulators of toxins. In 
addition, thousands of marine birds were killed off Oregon and Washington in 2009 by a temporary 
bloom of a dinoflagellate which produces a surfactant-like foam that destroys the water resistant 
coating of their feathers.  
 
Disease  
In 2013, an outbreak of Sea-Star Wasting Syndrome was discovered along the west coast, which led to 
rapid degeneration, mortality and disappearance of many sea stars in Oregon’s nearshore waters. 
Similar outbreaks have occurred intermittently during the last four decades, although never before at 
the magnitude of the most recent outbreak. The ochre star (Pisaster ochraceus) and the sunflower star 
(Pycnopodia helianthoides), are two of the many species susceptible to Sea-Star Wasting Syndrome. 
Because both of these species are keystone predators, there are likely to be changes to the lower 
trophic levels, although the degree is still unknown. Currently, the cause of the disease is unclear, but 
there appears to be a link to a Densovirus (Hewson et al. 2014). Further research and monitoring is 
needed to better understand the causes and potential effects.  
 
More information on diseases that are of management concern to nearshore species, including those 
affecting marine mammals, birds, fish and invertebrates is presented in the Oregon Conservation 
Strategy along with diseases affecting terrestrial and freshwater species. 
 
Sensitivity to Adverse Effects from Natural and Anthropogenic Factors 
The extent and severity of adverse effects will depend on specific events, environmental conditions, 
species presence, co-occurring factors, etc. Some of the factors described in this section are small-scale, 
localized, and/or short-term, with potential adverse impacts limited in geographic and temporal scope. 
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Others may have much more widespread effects. Table 7.4 presents the most likely sensitivities of each 
Strategy Species to the major categories of anthropogenic and natural factors. 
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Table 7.4. Sensitivity matrix for Strategy Species and Factors 
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Big skate 
Raja binoculata x x x 
Black brandt 
Branta bernicla nigricans x x x 
Black oystercatcher 
Haematopus bachmani x x x x 
Black rockfish 
Sebastes melanops x 
Blue mud shrimp 
Upogebia pugettensis x x 
Blue rockfish 
Sebastes mystinus x 
Brown rockfish 
Sebastes auriculatus x 
Bull kelp 
Nereocystis luetkeana x x x x x 
Cabezon 
Scorpaenichthys marmoratus x 
California brown pelican 
Pelecanus occidentalis californicus x x x x x 
California mussel 
Mytilus californianus x x x x x x 
Canary rockfish 
Sebastes pinniger x 
Caspian tern 
Hydroprogne caspia x x 
China rockfish 
Sebastes nebulosus x 
Chinook salmon 
Oncorhynchus tshawytscha x x x x 
Chum salmon 
Oncorhynchus keta x x x x 
Coastal cutthroat trout 
Oncorhynchus clarki x x x x 
Coho salmon 
Oncorhynchus kisutch x x x x 
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Table 7.4. Sensitivity matrix for Strategy Species and Factors 
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Copper rockfish 
Sebastes caurinus x 
Deacon rockfish 
Sebastes diaconus x 
Dungeness crab 
Cancer magister x x x 
Eulachon 
Thaleichthys pacificus x x x 
Flat abalone 
Haliotis walallensis x x x x x x x 
Fork-tailed storm petrel 
Oceanodroma furcata x x x x 
Grass rockfish 
Sebastes rastrelliger x 
Gray whale 
Eschrichtius robustus x x x x 
Green sturgeon 
Acipenser medirostris x x x 
Harbour porpoise 
Phocoena phocoena x x x 
Kelp greenling 
Hexagrammos decagrammus x 
Lingcod 
Ophiodon elongatus x 
Leach’s storm petrel 
Oceanodroma leucorhoa x x x x 
Longfin smelt 
Spirinchus thaleicthys x x 
Marbled murrlet 
Brachyramphus marmoratus x x x 
Native eelgrass 
Zostera marina x x x 
Native littleneck clam 
Leukoma staminea x x x 
Northern anchovy 
Engraulis mordax x x x 
Northern elephant seal 
Mirounga angustirostris x x 
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Table 7.4. Sensitivity matrix for Strategy Species and Factors 
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Ochre sea star 
Pisaster ochraceus x x x x 
Olympia oyster 
Ostrea lurida x x x x 
Pacific giant octopus 
Enteroctopus dofleini x 
Pacific harbor seal 
Phoca vitulina x 
Pacific herring 
Clupea pallasii x x x 
Pacific lamprey 
Entosphenus tridentatus x x 
Pacific sand lance 
Ammodytes hexapterus x x 
Pile perch 
Rhacochilus vacca x 
Purple sea urchin 
Strongylocentrotus purpuratus x x x x x 
Quillback rockfish 
Sebastes maliger x 
Razor clam 
Siliqua patula x x x x x x 
Red abalone 
Haliotis rufescens x x x x x x x 
Red sea urchin 
Mesocentrotus franciscanus x x x x 
Redtail surfperch 
Amphistichus rhodoterus x x 
Rock greenling 
Hexagrammos lagocephalus x 
Rock sandpiper 
Calidris ptilocnemis x x 
Rock scallop 
Hinnites giganteus x 
Sea palm 
Postelsia palmaeformis x x 
Shiner perch 
Cymatogaster aggregata x 
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Southern Resident Killer Whale 
Orcinus orca    x   x    
Spiny dogfish 
Squalus acanthias   x    x    
Starry flounder 
Platichthys stellatus   x        
Steller sea lion 
Eumetopias jubatus   x    x    
Striped perch 
Embiota lateralis   x        
Sunflower star 
Pycnopodia helianthoides  x       x x 
Surf grass 
Phyllospadix spp.  x   x    x  
Surf smelt 
Hypomesus pretiosus  x       x  
Tiger rockfish 
Sebastes nigrocinctus   x        
Topsmelt 
Atherinops affinis  x    x   x  
Tufted puffin 
Fratercula cirrhata  x   x  x  x  
Vermilion rockfish 
Sebastes miniatus   x        
Western snowy plover 
Charadrius alexandrines nivosus  x     x  x  
White sturgeon 
Acipenser transmontanus  x x   x     
Wolf-eel 
Anarrhichthys ocellatus   x        
Yelloweye rockfish 
Sebastes ruberrimus   x        
Yellowtail rockfish 
Sebastes flavidus   x        
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8. NEARSHORE RESEARCH AND MONITORING

Despite tremendous advances over the last decade in understanding Oregon’s nearshore species and 
habitats, as well as advances in ODFW’s program capacity to conduct nearshore research and 
monitoring (ODFW 2012b), there is still a need to enhance and augment existing nearshore programs.  
Nearshore resources are still poorly understood, relative to the state’s other natural resources. Yet, the 
demands for information and data for conservation and management purposes continue to grow. 
Biological, physical, and socioeconomic data collected from research and monitoring efforts are central 
to effective wildlife conservation and management programs, and provide the information needed for 
effective outreach and education. The conservation values of a well-informed public help drive policy 
and management decisions that ensure a heathy ecosystem.   

ODFW’s current marine research and monitoring program capacity is diverse, and obtains data on a 
range of both ecological and fishery questions. The broad suite of research and monitoring projects 
currently conducted by ODFW help support management decisions and also provide a better 
understanding of the nearshore environment’s inhabitants and their habitats. This chapter includes 
information on existing ODFW research and monitoring efforts (to provide context) and some detail on 
additional research and monitoring needs.  This chapter provides a foundation for many of the 
recommendations found in Chapter 9.  

Existing ODFW Research and Monitoring Capacity 
The list below highlights existing ODFW research and monitoring efforts, along with specific project 
goals and outcomes.  

Shellfish and Estuary Habitat 
The shellfish program conducts research, monitoring and management of marine and estuarine shellfish 
species, along with the habitats these species utilize.  This includes surveys for multiple species of sport 
and commercially harvested shellfish including, bay clams, Dungeness crab, red rock crab, red sea 
urchins and razor clams. The shellfish program conducts shoreline creel surveys to monitor the levels of 
sport harvest. Data from these creel surveys are coupled with counts of the sport harvesters to develop 
estimates of the overall effort expended by the recreational shellfishers. The ODFW shellfish program 
also collects measurements of the biological characteristics of the clams and crab. Information 
generated by the monitoring work is used to gauge the level of seasonal harvest activity and periodically 
evaluate the need for any modifications of the shellfish harvest regulations. The Shellfish and Estuarine 
Assessment of Coastal Oregon (SEACOR) program conducts clam population assessments and estuarine 
habitat studies throughout estuaries along the Oregon coast. Data collected through this project is used 
to better manage the commercial and recreational clam fisheries, along with informing shellfish stock 
assessments and tracking estuarine habitat changes.  Since its inception in 2008, the SEACOR project has 
collected data from six major estuaries, with the goal of assessing every major estuary and bay along the 
Oregon coast. SEACOR has also digitized historical habitat survey information as a component of 
developing predictive capabilities for shellfish resources within Oregon estuaries.   
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Marine Habitat 
The marine habitat program conducts numerous ecological research projects focused on marine species-
habitat relationships. This work helps provide a scientific understanding of the nearshore ecosystem for 
both fishery and non-fishery species. This program conducted some of the first detailed mapping efforts 
for Oregon’s nearshore habitat using advanced sonar technologies. This effort has since been expanded 
by Oregon State University and others, which has resulted in mapping of approximately half of the 
Oregon Territorial Sea. This spatial data represents a dramatic improvement in the knowledge of 
seafloor habitats in the nearshore and will have significant applications to resource management. 
Additionally, the marine habitat program has been instrumental in documenting and monitoring the 
ecological consequences of nearshore hypoxic zones off of Oregon. This program has also led research 
efforts on aerial surveys of kelp forests, trawl impacts on soft bottom habitats and annual monitoring of 
rocky reef biological communities.  

Marine Mammals - Pinnipeds 
The ODFW provides regional leadership on research and monitoring of seals and sea lions. Ongoing 
ODFW population monitoring has documented the recovery of seals and sea lions in Oregon since the 
passage of the federal Marine Mammal Protection Act in the 1970s. The marine mammal program has 
conducted research on the population status and reproductive output of Oregon’s Steller sea lion 
population, contributing to the recent de-listing of this species from the federal Endangered Species Act  
The program has conducted important studies on the food habits and foraging behavior of seals and sea 
lions and how their predation impacts to fish species of conservation concern such as ESA-listed salmon 
and steelhead, white sturgeon and Pacific lamprey. 

Marine Reserves Ecological and Human Dimensions 
In 2012, Oregon completed designation of five marine reserve sites, which are areas in coastal waters 
dedicated to conservation and scientific research. The ODFW marine reserves program has begun an 
ongoing monitoring effort designed to understand the effects of marine reserves on the marine 
environment and on people. This information will be used to evaluate marine reserves as a management 
tool in the future. There are two research projects within the marine reserves program: ecological 
research and human dimensions scientific research. The ecological monitoring project is focused on 
habitat characterization, oceanography, species that exist at each marine reserve site, and determining 
whether or not prohibiting extractive activities changes the environment over time. Marine reserve 
human dimensions monitoring is focused on determining social, cultural and economic changes for 
ocean users and communities that result from marine reserves implementation. In addition to providing 
insight on the specific effects of marine reserves, the monitoring effort is proving to be a vital resource 
in augmenting the general understanding of Oregon’s nearshore environment, coastal economy and 
ocean users. 

Fishery Sustainability Research 
Fishery-related research supports fishery management and assessment of fish stock health. Over the 
past decade, this program’s research has led the way towards understanding and reducing bycatch. One 
notable example is with the pink shrimp fishery where and the reduction of eulachon bycatch (listed as a 
threatened species under the federal Endangered Species Act). This work was instrumental both in 
allowing the continuation of this important fishery while addressing conservation concerns for eulachon, 
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and in contributing toward certification of the Oregon pink shrimp fishery by the Marine Stewardship 
Council as a sustainable fishery. Additionally, this program conducted extensive research to understand 
the effects of barotrauma on rockfish and how to reduce barotrauma-related mortality in rockfish.  The 
research resulted in the development and acceptance of rockfish descender devices. Fishery managers 
use the survival rates to improve estimates of fishing impacts on sensitive species such as yelloweye 
rockfish. These improved estimates meant increased fishing opportunity for anglers, while still 
addressing the conservation concerns for the sensitive species. 

Fishery managers require information on the population status of harvested species in order to make 
well-informed management decisions. While the federal government conducts stock assessments on 
federally managed species, including many ocean fishery species included in the Strategy Species list, 
there remain a number of state-managed species for which there is incomplete knowledge of 
population status. ODFW’s fishery-related research program develops species life history information 
such as population age composition and age of female fish maturity for poorly-understood species, 
including both federally and state managed species. Federal stock assessment scientists use this 
information to improve their understanding of population status. The fishery-related research program 
is currently testing visual survey tools to directly assess the population of nearshore rocky reef fish 
species, which are not well represented in federally-sponsored species surveys. These studies will help 
ODFW develop more consistent, accurate and sustainable harvest recommendations. 

Fishery Monitoring 
Fishery monitoring and sampling are integral in generating data and information to meet the needs of 
resource managers and ensuring sustainable fisheries. Approximately 40 percent of the ODFW Marine 
Resource Program’s budget is devoted to a sophisticated sampling program that monitors both 
commercial and sport fisheries along the Oregon coast. These programs collect information on 
groundfish, halibut, salmon and albacore tuna fisheries, including catch composition and biological data. 
Fishery data processing and quality control are also a significant component of the fishery monitoring 
program. The information collected via this program is used to monitor progress toward quotas, to 
inform stock assessments, and to assist in the development of management recommendations for the 
best use of Oregon’s fishery resources.  

 

Research and Monitoring Needs  

The subsequent section highlights significant data gaps for the nearshore ecosystem and gives examples 
of research needed to fill these gaps. While not comprehensive, these examples – if addressed and the 
data gaps filled – would provide a much deeper understanding of nearshore ecosystem function and 
status. 

General information needs include: baseline data on the distribution and abundance of nearshore 
species and habitats, data on inter-species and species-habitat associations to understand the nuances 
of nearshore ecosystem function, and issue-specific data on the effects human activities on nearshore 
resources.  

In particular, the effects of climate change and ocean acidification on species and their habitats need to 
be understood and considered in conservation decisions. Universities, government agencies and private 
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entities have begun developing programs to observe and monitor the symptoms of climate change.  
Future needs include designing further studies that can identify and quantify the impacts of those 
symptoms on species, habitats, and ecosystem function; to explore what changes in nearshore resource 
distribution, abundance, and interactions we can expect with changing climate patterns anticipated in 
years to come.   

Species Data 
Information on the presence, abundance, and location of some nearshore species and biological 
communities is needed.  While we have an understanding of the types of species present in the 
nearshore area and have limited abundance information on some, we lack the following important 
information for many species: 
 
• invertebrate and fish community structure of nearshore reefs, and variation in communities among  

reefs 
• identification of indicator species that can be tracked to monitor the health of the system and 

impacts of climate change 
• absolute abundance measures or fishery-independent relative abundance measures for key 

managed species, and/or indicators of changes in abundance (important for fished species such as 
nearshore rockfish, cabezon, and greenling, etc.) 

• movements undertaken by nearshore species 

Specific types of research that can help fill these data gaps include: 

• surveys for marine fish, invertebrates, and algae, which are independent of fisheries and at 
coastwide or other appropriate scales 

• periodic and consistent long-term monitoring of organisms at selected indicator sites, such as the 
ecosystem monitoring currently conducted in marine reserves and nearby comparison areas by 
ODFW’s Marine Reserves Program, and the selection of specific sites and organisms most likely to 
demonstrate impacts of climate change 

• developing and testing abundance measures or population trend indicators for selected species and 
monitoring  those species over time  

Habitat Data 
Habitat data include structure and composition of the seafloor, estuary bottoms, and rocky and sandy 
shore substrates; oceanographic patterns and process (see Oceanographic Data below); and biological 
communities present (see Species Data above).  Our knowledge of nearshore subtidal habitat is 
improving.  We now have considerably more detailed seafloor maps for roughly half of Oregon’s 
Territorial Sea than we had a decade ago; however, almost half remains to be mapped in detail.  
Researchers have only begun to understand which characteristics of habitats are most important in 
addressing the needs of particular species or communities.  Types of research that can help fill these 
data gaps include: 

• examining the relationships between species/communities and habitats to determine the most 
important habitat features to survey  

• large-scale, coastwide survey of seafloor structure and composition employing modern ocean 
survey methodologies 

• detailed surveys of selected areas to support studies of species-habitat relationships (see 
recommendation 7, Chapter 9) 
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Oceanographic Data 
Marine organisms are intimately tied to the physical/chemical properties and movements of the ocean 
waters in which they live.  In order to understand the nearshore system we need more information on: 

• large and small scale processes determining local water properties 
• water movement and circulation patterns on large and small scales of time and space 
• natural variation in oceanographic conditions over short and long time scales 
• models with proven predictive ability on short and long time scales 
• how local Oregon ocean conditions are tied to global ocean and climate conditions, and how global 

processes such as climate change and ocean acidification are likely to affect local conditions in 
Oregon’s nearshore waters 

Researchers at universities and other research institutions continue to make significant progress toward 
understanding nearshore oceanographic patterns and ecological processes in the waters off Oregon.  
Continuation of this research is essential to gaining a better understanding of the nearshore ecosystem. 

Ecosystem Data  
This includes the data types described above, stitched together to provide an understanding of the 
interactions and dependencies among species and the relationships between species and their habitats, 
to provide insight into the functioning of the nearshore ecosystem.  This is a growing field and still data-
poor; information needed to improve this understanding includes: 

• habitat characteristics that determine community structure 
• relationships among species, habitats, and oceanographic variables 
• how ocean currents affect larval transport and consequently the genetic structure of populations 
• connectivity and relationship between estuary and ocean populations 
• factors affecting primary and secondary production 
• factors affecting reproduction, recruitment, and natural mortality 
• food web relationships and predator-prey dynamics 
• natural variability of these and other factors 
• climate change impacts on species and habitats related to: 

o sea level rise effects  
o warming ocean temperatures 
o altered weather patterns 
o changes in circulation patterns  
o changes in species range distribution related to temperature or food requirements 
o upwelling and nutrient availability for primary production 
o changes in food web dynamics 

• ocean acidification and hypoxia 
• effects of introduced non-native and invasive species  

Most of these represent large scientific questions that cannot be addressed with individual research 
projects.  Understanding these variables has, and will continue, to occur incrementally over time.  The 
best way to ensure progress is to continue building Oregon’s research infrastructure and increasing the 
emphasis on nearshore research. Recent ecosystem modeling efforts have provided insights but still 
need data both to make predictions and to validate the accuracy of those predictions.  
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Human Dimensions  
Human presence and activities are integral parts of Oregon’s nearshore ecosystem. Human dimensions 
– or socioeconomic – information can be used to understand how coastal communities, economies, and 
nearshore resources are interrelated and might be affected by various management actions.  Basic 
economic data concerning commercial fisheries are developed regularly; however, there is less 
information on recreational fisheries, natural resource contributions to the tourist industry, and the 
economic consequences of management actions.  These and other studies are needed to ensure 
managers address human dimensions factors in decision-making. 

Human Development & Impacts 
Several existing and emerging human uses of the nearshore environment will require special studies to 
understand their effects on nearshore resources and to develop appropriate management measures.  
Existing human development uses of the nearshore include maritime infrastructure, shoreline armoring, 
dredging and dredge material disposal, and other marine and/or estuarine construction projects.  
Examples of possible emerging uses include wave and wind energy development, methane hydrate 
mining, marine algae harvest, and aquaculture. There has been considerable interest in renewable 
energy projects off the Oregon coast over the last decade, with an interest in finding solutions to our 
nation’s energy needs. While the benefit of efficient alternative energy is clear, more research and 
monitoring (once projects are built) is needed to understand the potential and/or realized impacts of 
such development. Ballast water from shipping, aquaculture and recreational boating have contributed 
to the introduction of non-native and invasive species to Oregon’s nearshore. Once established in 
Oregon, these species are difficult to remove, so prevention of introductions is a preferable approach. 
An important data need is how best to effectively prevent or mitigate the effects of such species 
introductions.   

Conclusion 
As demonstrated above, there are considerably more data gaps than can be filled by any one group or 
organization.  Research and monitoring must be prioritized to address the most pressing needs first. It 
also is important to develop conservation, research and monitoring partnerships with the commercial 
and recreational fishing industries, other state and federal agencies, universities, and appropriate non-
governmental organizations to maximize the effectiveness and efficiency of the work. ODFW continues 
to work with partners to address conservation, research and monitoring needs for NearshoreStrategy 
Species (see Table 5.1).  
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9. RECOMMENDATIONS 
 

The core of the Nearshore Strategy is the following set of recommendations, intended to facilitate 
voluntary, collaborative actions to improve understanding and stewardship of Oregon’s nearshore 
resources. These recommendations reflect input received from ODFW staff, outside experts who served 
as technical advisors and reviewers, and members of the public. Twelve recommendations are outlined 
below, categorized into three main themes: Education and Outreach, Research and Monitoring, and 
Management and Policy. Each recommendation was chosen because it addresses priority nearshore 
issues that are in need of immediate or timely attention, is feasible, has received public support, and is 
beyond the capability of any single institution to achieve. The recommendations rely on partners to 
differing degrees, and are intended to help guide collaboration rather than act as an action plan for 
ODFW alone.  

The description of each recommendation includes:   

Recommendation: A brief statement of the recommended action. 

Rationale: Conservation and/or management need(s) addressed by this recommended action, 
and strategies to achieve results. Recommendations are based on the known and/or 
potential factors affecting nearshore resources and resource sensitivity, as 
identified by public input, scientific information, technical advisors, and ODFW staff.  

Potential Partners: Who should—or could—be involved? A general list (not necessarily comprehensive) 
of potential partners for collaboration on implementation. 

 

Category: Education and Outreach 
A well-informed public helps drive policy and management decisions that support a heathy ecosystem 
and the many benefits it offers. The following recommendations are designed to enhance public 
awareness of nearshore species and habitats, and foster public engagement in nearshore conservation 
issues.  

 

(1) General Public, Stakeholder and Advisory Group Engagement 

Recommendation: Develop and expand creative avenues to engage a diverse array of stakeholders, 
including the broader general public, on nearshore resource issues. Explore 
technologies that support alternative methods of communication and participation, 
in addition to continuing to support traditional paths such as issue-specific advisory 
groups. 

Rationale: Input from informed and engaged partners is essential to successfully developing 
and implementing research, management/policy, and outreach on all natural 
resource issues. The exchange of information between ODFW and stakeholders 
improves understanding and support on both sides, and aligns management with 
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public priorities. Advisory committees can provide focused, in-depth engagement in 
selected aspects of nearshore management and research. In addition, there is a 
growing need to augment traditional methods of public input to reach an 
increasingly dispersed and diverse population of stakeholders interested in 
nearshore issues. ODFW has begun using new options for engaging the public and 
exchanging information—for example, opportunities for online participation in 
public meetings, and online surveys—and these have shown promise as effective 
tools for enhancing traditional methods. 

Potential Partners: ODFW, existing advisory bodies, the general public, sport and commercial fishing 
interests, non-governmental organizations, tribes, Oregon Sea Grant, and various 
other communities of interested parties with a broad and diverse representation.  

 

(2) Nearshore Resources Outreach Information, Access and Awareness  

Recommendation: Broaden outreach materials and information available electronically, to deepen 
public appreciation of Oregon’s nearshore environment. Increase the quantity, 
quality, and timeliness of information available on ODFW’s website on nearshore 
fisheries, regulations, conservation and ecosystem management.  

Rationale: Oregon’s nearshore is one of the richest ecological systems in the world, home to 
thousands of species in a multitude of habitat types. While there is much to learn 
about this incredible ecoregion, there is a wealth of existing information that could 
be used more effectively to fuel public interest in natural resource issues, and 
stewardship of those resources. Populating educational exhibits, websites, social 
media, and other media outlets with information about Oregon’s nearshore will 
deepen Oregonian’s connection to the outdoors and to wildlife. Photographs, video, 
and stories, provided through a variety of sources and outlets will engage the public 
in the short-term, and build partnership and stewardship in the long-term. 

Potential Partners: State and federal natural resource agencies, universities, Oregon Sea Grant, public 
aquaria and museums, non-governmental organizations, tribes, and others. 

 

(3) Communications Partnerships 

Recommendation: Develop and expand existing partnerships for communication, education, and 
outreach on nearshore topics and issues. Work with partners to develop new 
mechanisms for information development and dissemination and through 
partnerships reach new audiences. 

Rationale: Conservation and management actions are better trusted and publically supported 
when they are developed with stakeholders who understand nearshore issues.  
Partnering with groups that have a rich history of developing science-based 
education and outreach programs, effectively and efficiently amplifies the quality 
and scope of nearshore resources communication, and builds relationships and 
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capacity outside of ODFW on nearshore resource issues. Through these 
partnerships, Oregon’s understanding of nearshore issues – and clarity on what 
members of the public can do to contribute to a healthy nearshore ecosystem – 
would facilitate a renewed spirit of engagement and commitment to nearshore 
resource stewardship. 

Potential Partners: State and federal natural resource agencies, universities, Oregon Sea Grant, public 
aquaria and museums, non-governmental organizations, tribes, and others. 

Category: Research and Monitoring 
Expanded research and monitoring activities are required to generate data and information to meet the 
needs of resource managers. This is especially true in the nearshore area where human activity is 
intense and information on many species and their habitats is sparse. The Nearshore Research and 
Monitoring section (Chapter 8) lists some key data elements and examples of projects that would help 
support resource management. The following recommendations address research and monitoring 
program priorities for collaborative, multi-institutional issues. The broad objectives in this category are 
far beyond the capability of any one institution to fully achieve and therefore require partnerships to 
realize meaningful results.  

(4) Ecosystem Response to Climate Change 

Recommendation: Develop and implement research and monitoring efforts to understand, track, and 
work toward predicting effects of climate change and increased carbon dioxide on 
Oregon’s nearshore species and ecosystems. Focus research toward species and 
ecosystems most at risk, and foster collaboration between scientists and managers 
to optimize research outcomes for use in management.  

Rationale: Oregon’s ocean is already experiencing effects of climate change and increased 
carbon dioxide, including ocean acidification, hypoxia, other changes in water 
chemistry, warming ocean temperature, and changes in upwelling and other 
characteristics of the nearshore ocean and estuaries. These changes will continue to 
grow and intensify in the future. Oregon’s upwelling ecosystem is experiencing 
many of these changes sooner and in greater magnitude than other parts of the 
nation, increasing the urgency for collecting the needed information and 
formulating the necessary management response. This is a global problem that 
requires rigorous scientific information to solve, and partnership between scientists 
inside and outside of agencies to both understand the phenomena and try to 
mitigate its effects. Desired outcomes are to increase ecosystem and community 
resilience and sustainability of Oregon’s nearshore resource.  

Potential Partners: State and federal natural resource agencies, universities, local governments, non-
governmental organizations, shellfish and fishing interests, tribes and others. 
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(5) Ecosystem Characterization – Species and Habitats 

Recommendation: Continue and expand research and monitoring efforts on nearshore species and 
habitats. Gather scientific information on the abundance and distribution of species 
and habitats, the interactions among species and between species and their physical 
environment, and changes in those resources and interactions over time. The 
Strategy Species (Chapter 5) and Nearshore Research and Monitoring needs 
(Chapter 8) provide guidance for setting research and monitoring priorities. 

Rationale:  Management of nearshore resources is most effective when based on a sound 
scientific understanding of the nearshore ecosystem. While there has been a great 
deal of research on Oregon’s nearshore ocean and natural resources, there remain 
significant data gaps that, once filled, will reduce uncertainty in resource 
management. ODFW gathers information on nearshore fish, invertebrates, marine 
mammals and habitats. In addition, ODFW monitors changes in marine reserves and 
nearby comparison areas, providing a unique opportunity to examine changes that 
occur to nearshore species in areas closed to fishing compared with similar areas 
where fishing occurs. These ODFW programs, along with numerous efforts 
undertaken by universities, resource agencies, and other partners need to be 
continued and expanding to produce information necessary to meet resource 
management challenges. 

Potential Partners: State and federal natural resource agencies, universities, non-governmental 
organizations, fishing interests, tribes, and the general public. 

 

(6) Fishery Independent Surveys 

Recommendation: Develop methods for surveying fishery species in the nearshore environment with 
the goal of collecting fish and shellfish abundance data useful in assessing the status 
of harvested fish and shellfish stocks. Once methods are developed, conduct 
periodic fishery-independent surveys in the nearshore environment to produce data 
useful in stock assessments and develop long-term datasets that can indicate trends 
in abundance over time.  

Rationale: The status of fishery stocks needs to be assessed periodically to ensure that fishery 
managers set appropriate catch limits and to provide sustainable harvest into the 
future. Stock assessments are often based on a combination of data collected from 
fishery landings and fishery-independent surveys of fish populations. Fishery-
independent data are crucial to fine-tune and groundtruth stock assessment 
models, helping to ensure assessment results most accurately reflect real-world fish 
abundance. These more accurate results allow managers and fishermen to have 
more certainty with management decisions, and reduce the risk of deviating from 
conservation targets.  
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There are currently no fishery-independent surveys for most fish species caught in 
the nearshore. Many of these species are caught on nearshore rocky reefs, an 
environment that presents challenges to conventional fish survey methodology 
(e.g., trawl surveys). Methods need to be developed for conducting fish surveys in 
nearshore rocky reef areas that will produce consistent and reliable results useful in 
assessing stocks. Surveys then need to be conducted on a periodic basis and 
continued over a long time period to be most useful in supporting stock 
assessments. The initial focus should be on nearshore rocky reef fish species, 
including black, blue, deacon, China, copper, quillback, and other rockfish species, as 
well as kelp greenling and cabezon. 

Potential Partners: Fishery managers, stock assessment scientists, commercial and sport fishing 
interests, non-governmental organizations and university scientists. 

 

(7) Nearshore Species Stock Assessments 

Recommendation: Improve stock assessments and/or stock status indicators for priority data-limited 
nearshore fish and shellfish species to improve confidence in population estimates 
and management strategies. Develop and improve data collection programs needed 
to support nearshore species stock assessments including developing fishery-
independent surveys (see Recommendation 6), and evaluating and improving 
existing fishery monitoring programs that record fishery catch/landings, estimate 
fishery effort, and collect biological data on landed catch.  

Rationale: There is limited information about nearshore fish and shellfish populations available 
for use in population assessments. Data and monitoring have not been adequate to 
confidently assess stock status on many nearshore species, and there is currently no 
mechanism for indicating a population decline for many species. Developing stock 
assessment and/or indicator strategies, along with collecting the data necessary to 
implement the strategies, is essential to maintain confidence in management 
decisions and ensure sustainable harvest.  

Potential Partners: ODFW, NOAA stock assessment scientists, other state and federal fishery resource 
agencies, university scientists, and the fishing industry.  

 

(8) Human Dimensions Research and Monitoring 

Recommendation: Conduct and support studies of social and economic patterns and trends as they 
relate to nearshore resources, human use of the resources, and effects of resource 
management actions on individuals, user groups, or communities. Potential topics 
include coastal community demographic trends, economic and social contributions 
of industries that depend on nearshore resources directly (e.g., fishing) or indirectly 
(e.g., tourism), and the impacts of regulatory and other management changes. In 
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some cases, new methods will need to be developed to study these topics and 
develop data useful for resource management.  

Rationale: Human dimensions information is central to understanding the context of natural 
resource issues and how people, coastal communities, economies, and nearshore 
resources are interrelated and might be affected by various management actions. 
The social and economic benefits and consequences of resource management 
actions need to be an integral part of the resource management process. For 
example, ODFW’s marine reserves program is developing human dimensions 
information about Oregon’s coastal communities to provide information needed to 
evaluate marine reserves as a management tool and to increase our general 
understanding Oregon’s coastal communities and user groups.  

Potential Partners: State and federal natural resource agencies, university scientists, non-governmental 
organizations, the fishing industry, tribes, and the general public. 

(9) Marine Mammals-Fisheries Interactions 

Recommendation: Continue and expand efforts to gather necessary information to manage resource 
conflicts between pinnipeds and fish resources in Oregon’s nearshore ocean, 
estuaries, and rivers. Information needed includes ongoing monitoring of pinniped 
population abundance, research on feeding habits and foraging behavior, research 
on predation impacts to fish populations, and evaluation of conflicts with fisheries. 

Rationale: Pinnipeds in the Pacific Northwest, under the protection of the federal Marine 
Mammal Protection Act of 1972, have enjoyed a marked recovery of their 
populations. The substantial increase in the number of pinnipeds along the coast 
and in the lower Columbia River has resulted in widespread negative impacts to fish 
species of conservation concern such as ESA-listed salmon and steelhead, white 
sturgeon and Pacific lamprey, as well as conflicts with sport and commercial 
fisheries. As an example, the U.S. stock of California sea lions has experienced a 
successful recovery over the past 30 years, increasing from perhaps 50,000 animals 
at the time of protection to approximately 300,000 today. While a conservation 
success story, their increase has resulted in increased resource conflicts throughout 
their range. Similarly, the eastern stock of Steller sea lions has also experienced a 
successful recovery over the past 30 years and was recently delisted under the 
Endangered Species Act. In order to address conflicts created by large and 
increasing pinniped populations, it is essential to monitor pinniped populations, 
examine food habits, foraging behavior, and predation effects on fish populations, 
and evaluate conflicts with fisheries. 

Potential Partners: ODFW, National Oceanic and Atmospheric Administration, the Washington 
Department of Fish and Wildlife, U.S. Army Corps of Engineers, sport and 
commercial fishing interests, tribes, port districts, and other local government 
entities. 
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Category: Management and Policy 
Good governance for natural resources is built from a transparent management framework, trust from 
stakeholders, and sound science. Resource sustainability and resilience to a changing environment is 
improved with good management, good policy, and good governance. The recommendations in this 
category address priority nearshore issues and species using a variety of non-regulatory tools.  

 

(10) Management Response to Climate Change 

Recommendation: Promote use of climate change information in management decision-making and 
policy development in statewide, regional and global arenas. Build climate resilience 
and climate change adaptation into decision-making to maximize the long-term 
benefits of today’s public investment in natural resource management.  

Rationale: Our understanding of climate change continues to broaden and deepen, as we 
discover the multitude of climate change symptoms and explore predictions of 
future impacts. Symptoms include those that have been in the public awareness for 
decades (e.g. warming temperatures) as well as newly identified phenomenon such 
as ocean acidification, which was first recognized in 2003. Many (or arguably most) 
natural resource management tools do not explicitly incorporate climate change 
information; at best, management tools include methods for addressing scientific 
uncertainty (e.g. harvest quota estimates), which may indirectly account for some 
degree of climate change uncertainty, but not all of it. Decisions made today on 
natural resource issues – made in a vacuum relative to climate change adaptation 
information – likely will not stand the test of time. Poor decisions today, assuming a 
static environment, will likely lead to destabilization of businesses, and economies 
that rely on resource availability for harvest, tourism or other purposes. 

Potential Partners: State and federal natural resource agencies, university scientists, non-governmental 
organizations, and the fishing industry.  

 

(11) Marine Fishery Management Plans 

Recommendation: Build the information/datasets and stakeholder support for state marine fishery 
management plans for appropriate Strategy Species and Watch List Species.  

Rationale: Transparent documentation of management strategies can lead to increased public 
engagement in management (particularly increased public input) and improved 
information for decision-making processes. Both lead to greater public confidence 
that Oregon’s natural resources are healthy and well-managed. To facilitate 
transparency and improve information in decision-making, ODFW has developed 
the Marine Fishery Management Plan Framework (2015) – an approach to 
developing Fishery Management Plans (FMPs) for nearshore and other marine 
species, developed under the umbrella of the Native Fish Conservation Policy. The 
goal of the Framework is to create a common understanding of what can and/or 

ONS 148



Oregon Nearshore Strategy - Draft Final for Commission - September 2015 (last updated 8/12/15) 

should be part of state FMPs, and lay out a publically transparent road map for how 
to develop marine FMPs. The real heart of the Framework is in the building of 
individual FMPs, each of which will be adopted by the Fish and Wildlife Commission. 
Building each individual FMP will be time and labor-intensive, both for agency staff 
and for the public, whose input will be necessary for the FMPs to be rigorous and 
effective. 

Potential Partners: State and federal natural resource agencies, sport and commercial fishing interests, 
non-governmental organizations, university scientists, tribes, and the general public. 

(12) Marine Planning 

Recommendation: Participate in marine planning processes to ensure Oregon’s interests in marine 
natural resource conservation and use are fully represented in marine policy. 
Develop marine natural resource spatial information and incorporate it into marine 
planning processes to ensure they use the best available science to formulate plans 
concerning Oregon’s marine resources and uses.  

Rationale: Growing demand for ocean resources and competing use of ocean space has 
increased the need to move beyond single-sector management and plan for ocean 
uses more holistically. Marine planning processes require comprehensive spatial 
information on location, abundance and distribution of marine resources and 
resource uses. Spatial data that meet these needs have not been developed for 
many marine resources, and require collaborative efforts and funding to ensure full 
development. Marine planning efforts engage multiple users, governments, and 
management agencies to ensure continued sustainability of ocean resources, while 
providing for a diverse array of uses and public priorities. Alongside many 
collaborators and partners, ODFW participated in the state’s development of part 5 
of the Territorial Sea Plan, which outlines state policy on renewable ocean energy 
siting in the nearshore and characterizes the more suitable areas for this 
development to occur. Several marine planning processes affecting Oregon are 
currently underway at the federal level. While these are in federal waters, they still 
affect Oregon’s nearshore marine resources and Oregon’s ocean users. ODFW will 
continue to play a key role in providing natural resource information to support 
these processes, as well as ensuring Oregon’s nearshore resources and ocean user 
groups are represented in policy decisions. ODFW will also play an ongoing role in 
plan implementation and keeping marine resource data sets current, and relevant, 
as new information becomes available.  

Potential Partners: State and federal natural resource agencies, sport and commercial fishing interests, 
local, state, regional, and federal governments, community groups, non-
governmental organizations, tribes, and the general public. 
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10. Conclusions  
 
 
Looking to the Future 
 
The ultimate goal of the Nearshore Strategy is to help guide actions that will conserve ecological 
functions and nearshore resources that provide long-term ecological, economic, and social benefits for 
current and future generation of Oregonians. Each of the recommendations in the Nearshore Strategy 
includes details on tasks, partners, timing, and funding for implementation of the suggested action(s).  
Although the range of potential actions has been substantially narrowed to the 14 recommendations 
presented in the Nearshore Strategy, there are still too many to undertake simultaneously.  Priorities 
will be established based on urgency, importance, and links to other ongoing or scheduled activities. 
Furthermore, ODFW does not have the capacity to address all of the recommendations, and initiatives 
by, or partnerships with, other entities will be essential.   
 
Some actions, such as marine planning, ongoing engagement of public stakeholders, and a variety of 
research and monitoring efforts are already underway.  Additional implementation of the 
recommendations will begin immediately following final approval of this initial Strategy.  Input from 
both internal and external sources is critical in prioritizing and guiding implementation of the 
recommendations and monitoring programs to track their success. 
 
State Wildlife Grant (SWG) funding is anticipated to be available for future Nearshore Strategy actions, 
but may be limited in duration. Some recommendations or parts thereof will be implemented regardless 
of SWG funding, based on priorities and current levels of other funding sources.  Increased funding is 
essential for successful implementation of all Nearshore Strategy recommendations.  Obtaining 
additional funding to augment implementation of the Nearshore Strategy will be a priority for all 
interested parties. 
 
 
Review of the Nearshore Strategy 
 
ODFW staff will report annually to the Oregon Fish & Wildlife Commission on Strategy status, relevance 
to current nearshore resource issues and priorities, and implementation of its recommendations. This 
report will be coordinated with ODFW staff working in the terrestrial and freshwater aquatic areas 
throughout the state as they report on the Oregon Conservation Strategy. It will provide a means of 
assessing implementation progress and effectiveness on an ongoing basis, and adapting to changing 
conditions. Public input on current resource issues will be continually taken under consideration to 
adjust priorities.  
 
One of the eight required elements of the SWG program is to include procedures to review and update 
the State Wildlife Action Plan at least every ten years.  ODFW will lead a full and comprehensive review 
of the Oregon Conservation Strategy and Oregon Nearshore Strategy and engage stakeholders and 
representatives of other state and federal agencies and tribes within that time period.  The documents 
will be updated for consistency with current resource issues, state policies, scientific information, and 
public interest. On completion of the formal review, an updated version of the Nearshore Strategy that 
meets all eight required elements and includes an explanation of all modifications made will be 
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presented to the Oregon Fish and Wildlife Commission and the U.S. Fish and Wildlife Service no later 
than October 1, 2025. 
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The Oregon Conservation Strategy:  
Potential Impacts of Global Climate 
Change in Oregon’s Nearshore Ocean

Introduction

Global atmospheric concentrations of carbon dioxide, 

the dominant greenhouse gas, have increased 

markedly since 1750 and now far exceed pre-industrial 

values1. The Intergovernmental Panel on Climate 

Change, an international working group of several 

thousand scientists, found that the Earth’s climate is 

warming as a result of this increase in carbon dioxide 

concentrations1. The rapid increases in global 

average air and ocean temperatures, widespread 

melting of snow and ice, and rising global sea levels 

observed over the last century are evidence of these 

climatic changes1. A large portion of the carbon 

dioxide in the Earth’s atmosphere is absorbed by the 

world’s oceans2,3. Oceanic absorption of carbon 

dioxide temporarily slows atmospheric accumula-

tion and its effect on climate4. This uptake of carbon 

dioxide changes the chemical equilibrium of seawater, 

making the oceans more acidic1. Evidence from all 

continents and almost all oceans show that many 

natural ecosystems are being affected by these 

impacts of increased carbon dioxide concentrations1.

Impacts on the marine environment include, but 

are not limited to, increasing ocean temperatures, sea 

level rise, changing circulation and weather patterns, 

and changes in ocean chemistry5. Due to the 

complexity of the ocean and the relative scarcity of 

long-term or large-scale studies, the specific processes 

through which a changing climate will impact 

Oregon’s nearshore are not entirely clear6. Scaling 

global climate change impacts to a local level can be 

problematic. Directly attributing changes observed 

TECHNICAL SUPPLEMENT
locally to increased global carbon dioxide concentra-

tions may be difficult2. Nevertheless, the significance of 

these potential impacts, especially along the 

dynamic Oregon coast6, provides focus for scientific 

research efforts to document their effects.

Managing for a Changing Marine Environment

Sustainable resource management in a rapidly 

changing climate requires proactive planning for 

mitigation and adaptation at multiple scales. 

Physical and chemical changes are occurring in all 

habitats1 and will affect local fish and wildlife 

resources7 managed by the State of Oregon. Given 

that climate change is a complex and controversial 

issue, federally approved state wildlife action plans are 

useful platforms to guide statewide and regional plan-

ning efforts8. The Oregon Conservation Strategy9 and 

its marine component the Oregon Nearshore Strategy10 

form the blueprint for the conservation of Oregon’s 

fish, wildlife, and their habitats.

The Oregon Nearshore Strategy focuses on species and 

habitats in Oregon’s nearshore marine environment10. 

Preparing for these impacts of a changing climate on 

Oregon’s ecosystems is imperative11. Scientific 

information is available to guide initial planning efforts. 

This document, as a technical supplement to the 

Oregon Nearshore Strategy, synthesizes relevant 

information on Oregon’s changing ocean. This 

information is intended to:

n Provide insight into potential impacts of a 

        changing marine environment on Oregon’s 

        nearshore marine habitats and species; 

n Guide future investigations and monitoring efforts 

in Oregon’s nearshore environment; and 

n Provide information and guidance for future re-

finement of the Oregon Nearshore Strategy.

1Oregon Department of Fish and Wildlife
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Oregon’s Nearshore Marine Environment

Oregon’s nearshore marine environment encompasses 

the area between the coastal high tide line offshore to 

the 30 fathom (180 feet or 55 meter) depth contour10 

(Figure 1). This area includes a variety of habitats and 

a vast array of fish, invertebrates, marine mammals, 

birds, algae, plants and micro-organisms10. The sandy 

beaches and rocky areas located between extreme high 

and low tides are the intertidal zone that links subtidal 

habitats and offshore marine waters to the terrestrial 

environment10. Oregon’s nearshore subtidal habitats 

include all rocky and soft bottom areas below the 

low tide line to the 30-fathom depth contour10. 

Nearshore pelagic or open water habitats out to 30 

fathoms are part of the ocean’s neritic zone that 

extends beyond the nearshore out to approximately 

650 feet (200 meters).

Many factors, including light, temperature, storms, 

circulation, currents, freshwater input, and offshore 

conditions affect Oregon’s nearshore habitats and the 

species living there10. More than 40 estuaries and tidal 

creeks6, including the influential Columbia River 

estuary, link the terrestrial environment to Oregon’s 

Oregon’s nearshore is defined as 
the area from the coastal high tide 
line out to 30 fathom (180 feet or 55 
meter; red line) depth contour. The 
state’s jurisdictional territorial sea 
boundary extends to three nautical 
miles (grey line).

Figure 1:  Oregon’s Nearshore Ocean
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marine waters. Nearshore habitats are connected to 

the offshore continental shelf and are affected by both 

local environmental forces and changes occurring 

elsewhere in the Pacific, primarily through linkages 

with the dynamic offshore waters of the California 

Current. Species in Oregon’s nearshore respond to 

changes in their habitats in various ways. All of these 

habitats and species are integral parts of Oregon’s 

complex nearshore ecosystem, and are interconnected 

through a multitude of biological, physical, and 

chemical factors that will be impacted by global 

climate changes.

Cyclic Patterns and Climatic Variability in 
Oregon’s Nearshore
Oceans exhibit patterns and variability over a range 

of spatial and temporal scales. Ocean and climatic 

conditions are tightly linked, which influences the 

organisms that inhabit the marine environment5. 

Annual and interannual climatic patterns tend to 

be most variable in the nearshore and are highly 

responsive to a wide variety of physical drivers6. 

Patterns influencing Oregon’s nearshore ocean 

include processes such as upwelling and downwelling 

processes, the El Niño Southern Oscillation, and the 

Pacific Decadal Oscillation.

Upwelling/Downwelling: A large portion of the 

variability of Oregon’s nearshore is closely related to 

local annual wind patterns6, which exert drag on the 

surface of the ocean. The combination of the Earth’s 

rotation and the dynamics of transferring the wind’s 

energy downward into the water column results in 

net movement of the ocean’s surface layer in a 

direction perpendicular to the wind. In the northern 

hemisphere, surface water moves 90 degrees to the 

right. Off the Oregon coast, when spring/summer 

northerly winds move surface waters away from shore, 

they are replaced by waters from depth in a process 

called upwelling (Figure 2a). Typically, this upwelled 

water is nutrient rich and supports strong productivity 

in the spring and summer. 

Conversely, when fall/winter southerly winds move 

water towards shore, surface waters are pushed down-

ward in a process called downwelling (Figure 2b). 

The transition from the fall/winter downwelling regime 

to the spring/summer upwelling period is called the 

spring transition, as it usually occurs in early spring. 

The winds that drive upwelling go through phases of 

acceleration and relaxation, and during relaxation 

periods, offshore waters bring planktonic food and 

(a.) Summer

Upwell
in

g

PHYTOPLANKTON

ZOOPLANKTON

(b.) Winter

Downwelli
ng

PHYTOPLANKTON

ZOOPLANKTON

Figure 2. Upwelling and Downwelling

Spring and summer winds from the north move surface 
waters offshore. Surface waters move perpendicular to 
wind direction due the combined effects of earth’s rotation 
and energy transfer downward through the water column. 
Surface waters are replaced by cold, nutrient rich, low 
oxygen waters from the deep offshore ocean in a process 
called upwelling. Production of nearshore plants and 
animals is highest during spring/summer upwelling.

Fall and winter winds from the south drive surface 
waters shoreward where they submerge in a process 
called downwelling. Downwelling transports nearshore 
surface waters to resupply deep offshore waters with 
oxygen. Storm activity is highest, and runoff from 
precipitation over land contributes to mixing nearshore 
waters and loading the environment with oxygen and 
freshwater inputs.

(a.) Spring and Summer

(b.) Fall and Winter



4 Oregon Department of Fish and Wildlife

larvae into the nearshore. During upwelling surges, 

plankton is carried offshore and distributed along the 

coast. Both upwelling and downwelling events are 

important to maintaining the base of the marine food 

web, and this dynamic may become out of balance as 

ocean conditions become less predictable.

El Niño Southern Oscillation:  Physical changes to 

Oregon’s marine habitats on interannual scales include 

the ocean surface temperature changes associated 

with El Niño Southern Oscillation (ENSO) events, an 

irregular tropical cycle with connections to the Oregon 

coast. The tropical Pacific typically displays a large 

gradient in sea surface temperature, with a warm 

pool in the west and cooler temperatures along the 

equator in the east. Periodically, this warm pool 

surges eastward towards the American continents.  
These ENSO events, which include coupled El Niño 

and La Niña conditions, typically occur over a 

period of three to seven years with anomalous 

conditions persisting for six to 12 months at a time12. 

El Niño conditions along Oregon’s coastline are 

characterized by the influx of warm tropical waters 

at the surface12. Severe El Niño events may move the 

colder and nutrient rich water deeper by as much as 

165 feet (50 meters), affecting the quality of upwelled 

water in the nearshore and limiting nutrients brought 

to the surface12. La Niña conditions include cooler 

ocean surface temperatures off the Oregon coast, 

and generally exhibit smaller changes in the water 

properties12,13. This variability affects primary 

productivity, species distribution and abundances, 

and can drastically alter marine food web dynamics 

in Oregon’s nearshore12.

Pacific Decadal Oscillation:  The Pacific Decadal 

Oscillation (PDO)14 is considered the dominant driver 

of interdecadal (~20 – 30 years) variability in the North 

Pacific15. PDO is responsible for long-term changes 

that manifest in the California Current as changes in 

temperature and large-scale horizontal movement of 

water16,17. In general, the PDO alternates between 

two distinct phases14. During a positive phase of PDO, 

downwelling conditions off the west coast are 

prominent, leading to a transport of warm surface 

water northward from offshore California and toward 

the Pacific Northwest coast,whereas during the negative 

phase, upwelling conditions prevail and colder water is 

pulled southward14,16,17. This large-scale oceanic 

variability results in changes in species abundances, 

compositions, and distributions, and translates to 

impacts on the survival and distribution of salmonids14 

and multiple other marine fishes18.

Many of these processes are controlled in part by 

physical climatic conditions and are altered as the Earth’s 

climate changes due to increases in atmospheric carbon 

dioxide concentrations6. These sources of variability 

also interact with each other to produce additive or 

modulating effects over multiple time scales. Climatic 

variability introduces added complexity and makes it 

difficult to predict the consequences of a changing 

climate. However, the observed effects of climatic 

variability offer insight into how Oregon’s dynamic 

nearshore ecosystem might respond to a 

changing climate. 

Impacts from a Changing Marine 
Environment on Strategy Habitats 
and Species
Understanding how atmospheric carbon dioxide 

concentrations may impact the marine environment 

has lagged behind that of terrestrial ecosystems3. 

No long-term (> 50 years) oceanic datasets off the 

Oregon coast exist and there are still many unanswered 

questions regarding how these effects will play out at 

the regional and local levels11. Despite the uncertainty, 

it is clear that Oregon’s nearshore habitats and species 

are already experiencing changes consistent with the 

predicted effects of increased concentrations of 

atmospheric carbon dioxide6 (Figure 3).

Changing Ocean Temperatures

The world’s oceans are the main reservoir for heat 

energy retained in the Earth’s atmosphere2,19. As 

atmospheric temperatures increase, over 90 percent 

of the added heat energy is absorbed by the ocean2. 

Most heat is stored in the upper water column20. 

During the latter half of the 20th century, average 

ocean temperatures have risen 0.2º F (0.1º C) in the 
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upper layers of the global ocean2. Oregon’s coastal 

surface waters (< ~650 feet or 200 meters) have 

warmed an average of 0.5º F (0.3º C) per decade over 

this time period and are predicted to increase by 

approximately an additional 2.2 º F (1.2º C) by the 

mid-21st century6. This estimate may be conservative, 

as observations over recent decades show that 

summertime water temperature increases have 

exceeded predictions6.

Figure 3: Oceanic Impacts of Increased Atmospheric Carbon Dioxide

The world’s oceans are essential to regulating global climate, which is changing rapidly as carbon dioxide concentrations 
build in the atmosphere. As seen in this diagram, these impacts can interact and influence each other. Understanding 
the complexities of these impacts will inform managers attempting to address the impacts of a changing marine 
environment.

Changes in storms 
and waves

Sea level 
rise

Changes in species 
and footweb effects

Stratification

Changes in 
ocean currents

Acidification

Reduced uptake 
of CO2

INCREASED AIR
TEMPERATURE

INCREASED 
ABSORBTION OF

CO2 

INCREASED
ATMOSPHERIC 

CO2

INCREASED SEA
TEMPERATURE

Coastal erosion 
and accretion

Changes in 
freshwater input

Altered wind 
patterns

Nutrient 
availability

Water temperature is a key factor in determining 

the strength of mixing in the nearshore, with higher 

temperatures inhibiting mixing because stratified 

layers of warm surface waters mix less easily with colder, 

deeper water. As the climate warms, the upper ocean 

will almost certainly be more stratified on average21. 

The thermocline (the relatively distinct layer of steep 

temperature gradient) is 32 – 65 feet (10 – 20 meters) 

deeper off Oregon in the early 21st century, compared 

with the middle of the 20th century22. 
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Stronger stratification will make ocean mixing 

due to wind patterns less effective at bringing 

nutrients to the surface, thereby reducing primary 

productivity3,21. Increased stratification of nearshore 

waters may be partially mitigated21 by predicted 

increases in the northerly winds that cause coastal 

upwelling off the Oregon coast23.

Warming temperatures have a direct impact on the 

degree of environmental stress that organisms are 

subject to24. Some organisms respond by relocating 

to microhabitats with preferred conditions.  For many 

immobile intertidal organisms, increased exposure and 

thermal stress may limit the range of suitable habitat or 

may reduce local populations12,24. Some species, such 

as the California mussel (Mytilus califorinus), grow 

larger or faster due to an accelerated metabolic 

response to warmer water temperatures24. In turn, 

this can alter competition and predation dynamics, 

changing the flow of energy through the food web 

and the structure of the ecosystem24.

Warming ocean temperatures appear to be causing 

a northward shift in the distribution of fish and other 

mobile animals, likely associated with species-specific 

temperature requirements25,26. Poleward movement of 

marine fishes may actually increase species richness at 

temperate latitudes (e.g. the North Sea26,27). 

Species exhibiting these shifts or range expansions 

tend to be smaller26,27, which will change the energy 

flow through the food web and alter the dynamics of 

the ecosystem27. Poleward population shifts may also 

be linked to temperature-associated food source 

availability25. Some fish species exhibit enhanced 

growth and survival when cool water zooplankton is 

available because this food base provides greater 

biomass and higher energy content25. Warming 

trends may be facilitating the ongoing range expansion 

of the Humboldt squid (Dosidicus gigas), an 

opportunistic predator with high consumption 

rates whose diet includes many commercially 

fished species28.

Sea Level Rise

Global sea level is rising at an approximate rate of 

0.07± 0.02 inches (1.8 ± 0.5 millimeters) per year, 

though this rate varies by region2. In the Pacific 

Northwest, the regional rate of sea level rise has been 

estimated to be slightly higher than the global average, 

at 0.1 inches (2.3 millimeters) per year during the 20th 

century29. Sea surface elevation rises when seawater 

expands as a result of increasing ocean temperatures 

and when land ice melts, increasing the amount of 

water in the ocean2,20. The thermal expansion of 

seawater currently contributes more to sea level rise 

than glacier and ice caps melting20.

As sea level rises, the high-tide line migrates inland, 

increasing the potential for inundation, erosion, or 

other impacts to intertidal habitats. In Oregon, 

shoreline characteristics and elevation vary between 

steep hard substrate areas with low erosion potential 

to flat sandy dunes that could wash out easily as sea 

levels rise. Due to the variable rate of uplift on the 

Oregon coast, some areas may experience severe 

impacts sooner than others29. However, the projected 

acceleration in the rate of sea level rise will exceed all 

rates of uplift along the Oregon coast by the mid-21st 

century29, affecting the entire Oregon coast. Natural 

climate variability can also affect sea levels during El 

Niño events30 and during seasonal extreme high water 

levels occurring in the winter31. These combined effects 

on sea levels are projected to increase future coastal 

flooding and erosion of shoreline habitats31,32.

Rising sea levels in rocky intertidal habitats may 

dramatically alter species interactions such as 

competition, predation, and reproduction24. For 

example, the upper range of the California mussel, 

a habitat engineer, continues to expand upwards in 

rocky shore elevation, competing with other attached 

invertebrates24. The vertical range of a keystone 

predator, the ochre sea star (Pisaster ochreceus), is 

also expanding with sea level rise, likely increasing 

predation rates on sessile intertidal invertebrates24.

The spatial extent of intertidal sandy beaches will be 

reduced as sea levels rise, due to restricted 
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inland migration imposed by coastal development 

and anthropogenic alteration of sediment dynamics33. 

Altered shorelines are subject to drastic increases in 

sand loss during large storm events, thus compound-

ing the effects of sea level rise in sandy habitats34. 

Shoreline armoring and coastal development has 

been shown to reduce the ability of sandy beaches 

to respond to sea level rise through typical sediment 

dynamics35. The combined effects of sea level rise 

and coastal development on intertidal habitats will 

include impacts such as a reduction in the amount 

of spawning habitat available to species like surf 

smelt (Hypomesus pretiosus) and Pacific sandlance 

(Ammodytes hexapterus)36.

Changes in Cycles
Oregon’s nearshore ocean conditions vary on multiple 

time scales and to differing degrees. While some of 

these cycles are relatively well understood, for example, 

the annual cycle of upwelling and downwelling events, 

some, like the Pacific Decadal Oscillation14, have only 

been described within the last 20 years. Understanding 

the underlying mechanisms responsible for these cycles 

is a necessary first step in understanding how they may 

be altered due to climate change12. Natural climate 

variability can change the biological and ecological 

characteristics of the nearshore, and these changes 

may offer clues to how habitats and species will react 

to a changing climate.

Annual Cycles: Increasing atmospheric carbon dioxide 

concentrations raise air temperatures over land more 

than over the ocean, leading to a greater pressure 

differential23. As a result, alongshore winds parallel 

to the coast could increase, which would intensify 

upwelling23. Within the California Current region, 

observations show that wind-driven upwelling has 

intensified over the last 30 years37. Multiple datasets 

off the Oregon coast indicate that summer upwelling 

is intensifying, particularly on the southern Oregon 

coast6. Upwelling intensification may lead to increased 

primary productivity though a greater delivery of 

nutrients to the nearshore37. However, this intensifica-

tion could be offset by increased ocean stratification, 

potentially limiting the delivery of nutrients to the 

surface through wind-driven mixing3,21. The nearshore-

offshore gradients in water temperature could become 

more pronounced as offshore waters warm and near-

shore upwelling strength increases, creating stronger 

upwelling fronts that may impact distribution and 

abundances of marine organisms21.

As a consequence of climate change, the timing of 

the spring transition could be delayed and followed by 

stronger upwelling effects later in the season37,38. 

The variability in wind stress has increased off the 

Oregon coast6, leading to greater inconsistencies in 

upwelling patterns throughout the season. The 

intermittent wind relaxation periods may become less 

frequent, resulting in reduced transport of organisms 

and food into the nearshore37. Intensified coastal 

upwelling may enrich nearshore primary production 

of marine algae and phytoplankton21,37 and could 

impact the marine food web through changes in 

species abundance and composition21. When the 

spring transition is delayed, primary production is 

also postponed38. Low levels of primary productivity 

early in the season, or delayed delivery of planktonic 

food sources, may lead to low recruitment of many 

organisms for which food availability is time-

sensitive21,38. Planktonic fish and invertebrate larvae 

that are transported within the upwelling cycle 

may not reach inshore habitats in time for successful 

recruitment and replenishment of coastal 

populations38. Any changes in the primary 

productivity, the base of the ocean food web, will 

have profound implications for marine food webs3. 

Future predictions suggest greater seasonal variability 

in large-scale climatic cycles influencing the California 

Current region, possibly leading to increased interan-

nual variation in the timing of spring transition21.

A recent extreme event off the Oregon coast may 

provide insight on how the system could respond to 

changes in the spring transition. In 2005, there was a 

delay in the onset of coastal upwelling by two to three 

months39,40. This delay resulted in substantial changes 

in the physical environment during that season, includ-

ing abnormally warm and fresh surface waters, trap-

ping nutrient rich waters below40. Primary production 
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was substantially lower prior to the delayed 

transition41. Pelagic fish and cephalopods were 

displaced poleward and towards shore and suffered 

reduced recruitment during early life stages42. Finally, 

marine mammals exhibited anomalous feeding 

patterns43. This example illustrates the importance 

of the annual cycle to Oregon’s nearshore. 

Interannual Cycles:  ENSO is known to be sensitive 

to changes in background ocean surface 

temperatures and current temperature changes in 

the Pacific provide a mechanism to link changes 

in the frequency or magnitude of ENSO to climate 

change44-46. Over the last century, the observed behav-

ior of ENSO has changed47 and reconstructions to the 

early 1500’s confirm that ENSO’s 20th century behavior 

was unusual48. El Niño events have become more fre-

quent in the last several decades49-52. The 1976-1977 

climate shift, observed in the PDO index14, is associated 

with dramatic changes in El Niño formation, including 

higher ocean surface temperatures and a tendency 

for more prolonged and stronger El Niño events47. 

Reconstructions of ENSO events back to 1525 indi-

cate nearly half of all extreme ENSO events (including 

both El Niño and La Niña conditions) have occurred in 

the 20th century, with 30 percent in the latter half48. 

Nearly one third of all protracted ENSO events have 

occurred in the last century48, though this has been 

suggested to be an artifact of increased frequency 

of events53. Based on observations of past events, 

changes in both the frequency and magnitude of ENSO 

events will impact Oregon nearshore waters13,30.

Predicting how ENSO may change in a warmer 

climate is difficult.  ENSO events are inadequately 

represented in global climate models used for 

projections15,46. Projections for future changes in 

the frequency and magnitude of ENSO events are 

inconsistent21,46, possibly due to different responses 

to increased carbon dioxide concentrations among 

models46. Projections have also been complicated 

by the discovery of a novel and distinct variation of 

El Niño conditions that differs in the location of the 

maximum temperature anomalies and connections 

to the mid-latitude waters45,54. A recent study 

suggests that the frequency of the two variations of 

El Niño may change with climate change54, however, 

further investigation of the connection between ENSO 

events and climate change is required44,47,48.

If El Niño events continue to be stronger and more 

frequent, Oregon’s nearshore habitats and species will 

be increasingly affected by those events. Extreme 

El Niño conditions in 1983 resulted in low overall 

primary productivity in Oregon and lead to longer and 

less productive food chains55. The 1997 strong El Niño 

dramatically affected zooplankton species compositions 

off the coast of Oregon, and replaced northern species 

with sub-tropical species of lower energy content56. 

This event also allowed multiple warm-water migratory 

fish species into Oregon waters, including the novel 

discovery of the Humboldt squid, though fewer warm 

water species were reported during this event than 

during the 1983 El Niño57. These two El Niño events 

(1983 and 1997) during a warm phase of the PDO 

produced the largest oceanographic anomalies off 

the Oregon coast in the latter half of the 20th 

century13,30 and dramatic biological responses 

as a result55-57.

Interdecadal Cycles: As one of the key components 

of North Pacific decadal variability, the PDO has 

dramatic impacts on the physical marine environment 

influencing Oregon’s nearshore. There are climatic 

similarities in how the PDO and climate change impact 

the marine environment47. The lack of a long term 

observational record hinders scientists’ ability to predict 

how a decadal source of variability, such as the PDO, 

may be impacted by future climate change. Only three 

shifts of the PDO occurred during the 20th century14. 

Currently, the PDO is not predicted to significantly 

change spatially or temporally during the 21st 

century58. However, models do not adequately capture 

the temperature dynamics associated with PDO and 

these results are still uncertain58. Warming trends over 

the North Pacific project an increase in winter ocean 

surface temperature as large as the amplitude of a 

PDO phase shift by mid-21st century, after which the 

temperature trend will dominate as the leading mode 

of variability in the North Pacific15,21.
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Species that are adapted to historic or recent 

PDO patterns may experience novel conditions with 

the combined effects of climate change and natural 

variation as soon as the first half of the 21st century15. 

Amplified by the global warming trend in tempera-

tures, the California Current region will likely 

experience a greater frequency of years with lower 

primary productivity, such as those experienced during 

a positive PDO cycle21. Ongoing observations have 

shown that a positive PDO results in the dominance of 

warm-water zooplankton, which generally have lower 

energy content; this may have implications for the 

upper food chain21, similar to conditions in strong 

El Niño years such as those shown in 198355. 

Additional clarification is required to reduce these 

uncertainties and improve the accuracy of predictions 

in the context of future climate change15,46,58.

Hypoxic/Anoxic Condition Changes
Seawater contains dissolved oxygen that is required 

for marine organisms to live. Oxygen is used when 

organisms respire and is replaced by contact with the 

sea surface, where oxygen can be exchanged with air 

(Figure 4). Since the middle of the 20th century, the 

concentration of dissolved oxygen has significantly 

decreased off Oregon’s coast6. Severe inner shelf 

(< 230 feet or 70 meters) hypoxia (low oxygen) has 

been documented within the last decade59,60 and the 

occurrence of hypoxia has expanded to regularly 

encompass approximately 80 percent of Oregon’s 

nearshore water column between June and October 

during this time period59. In addition, 2006 marked 

the first documentation of anoxia (zero oxygen) in 

Oregon’s nearshore59. Anoxic events are sporadic but 

potentially lethal for marine organisms25,59.

Hypoxic conditions occur naturally in deeper water 

where organism respiration removes oxygen from 

seawater that cannot be easily replaced by contact 

with air60. Changes in coastal upwelling could boost 

the delivery of deep, low oxygen waters into nearshore 

waters23,61, where respiration can further deplete the 

available oxygen and subject nearshore coastal ecosys-

tems to hypoxic or anoxic events59,60. Upwelling inten-

sity is projected to increase with climate change6,23,37, 

which may have negative repercussions on the avail-

ability of oxygen in the nearshore.

 

Increased water column stratification as a result 

of warmer temperatures could reduce oxygen 

exchange with deeper waters and contribute to 

hypoxic conditions62. Consistent with predicted 

impacts of climate change, declines in dissolved 

oxygen have been documented offshore in the 

California Current region62. Wind-induced mixing 

can potentially improve hypoxic conditions in the 

shallow nearshore through the addition of oxygen 

at the surface60. However, strong upwelling favorable 

winds in the Oregon nearshore appeared to be 

insufficient to reduce stratification and the cold, 

oxygen-depleted waters transported shoreward 

decreased net oxygen concentrations further during 

a severe hypoxic event in 200260. Severe storm events 

and wave heights increasing with climate change 

on the Oregon coast32,63 may moderate hypoxic 

conditions by inducing strong mixing and oxygen 

exchange between the sea surface and the air. 

Changes in circulation can affect oxygen concentra-

tions in the nearshore, such as the anomalous influx 

of water from the sub-Arctic off Oregon in 200264. This 

change in source water substantially increased available 

nutrients and resulted in higher than normal respira-

tion and hypoxic conditions in the nearshore64. ENSO 

events have also been shown to affect water tempera-

tures and nutrients in upwelling areas65. Changes in 

the intensity and frequency of ENSO events as a result 

of climate change49-52 may also impact oxygen 

concentrations in the nearshore.

When oxygen levels decrease, marine organisms 

may suffer stunted growth, slowed metabolic rates, 

or death66 (Figure 4). Responses of individual 

organisms to hypoxic and anoxic conditions depend 

on the duration and intensity of the oxygen 

depletion61. Responses vary by species and depend 

in part on how well organisms recognize and avoid 

undesirable conditions61. Crustaceans61,67 and 

echinoderms have been shown to be more sensitive 

to lower oxygen thresholds than annelids, molluscs, 

and cnidarians61. Hypoxic areas generally have higher 
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Figure 4:  Impacts of Hypoxic/Anoxic conditions in Oregon’s Nearshore

Screen captures of ROV-based video transect surveys of nearshore rocky reefs off Cape Perpetua on the 
central Oregon coast. A) pre-anoxia rockfishes (Sebastes spp.); B) benthic invertebrates; C and D) mortality of 
fish and invertebrates during the 2006 anoxia event; E and F) formation of bacterial mats following 
2006 anoxia event.

mortality of sessile organisms and greater 

displacement of mobile species25,60,61,66. Both the 

physical conditions and the catch of multiple marine 

fish species and Dungeness crab deteriorate as oxygen 

levels decrease68. Some fish exhibit sub-lethal effects 

of hypoxia that include increased energy spent 

supporting respiration67, potentially reducing 

feeding or other essential activities.

Some hypoxic or anoxic events can have community 

level impacts. In severe conditions, most sessile 

invertebrates will die and be replaced by bacterial 

mats, and reefs known to support diverse fisheries will 

be completely devoid of fish59,60. Low oxygen areas are 

characterized by low species richness61,68. Community 

dynamics change as trophic structure and energy 

pathways shift in response to hypoxia61. Predation 

rates are reduced within hypoxic areas69 and 

displacement of mobile species will put additional 

pressure on adjacent oxygenated habitats, where 

increased predation could alter a broad range of 

marine populations61,66. The extent of the marine 

ecosystems affected by current and future hypoxic 

events may also be underestimated, as the 

conventional definition of hypoxia (< 2 parts per mil-

lion or 2 milligrams O2/liter) is lower than sublethal and 

lethal thresholds for many benthic marine species67.

Extreme Wave Height and Storm Pattern Changes

Wave heights measured along the west coast are 

highest along the Oregon coastline32. Oregon wave 

heights have increased during the past 50 years32,63. 

Wave heights peak during El Niño events, but also 

result from background changes in warming water 

temperatures related to climate change32,63. Both the 

relatively low summer waves and the higher wave 

heights generated by winter storm events 

have been increasing off the Oregon coast since 

the mid-1970s70. The most extreme waves generated 

during winter storm events are also increasing at a 

higher rate than the winter average wave height70.

As seawater warms, this thermal energy can result 

in storms with greater intensity, longer duration, earlier 

annual onset, and larger total area affected71. Storm 

intensity has also been increasing offshore of Oregon 

during the past 50 years and has been linked to 

warming water temperatures related to climate 
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change32,63. In the North Pacific, winter storm 

intensity has increased but with a corresponding 

decrease in frequency, possibly resulting from a 

poleward shift in the storm track during the late 20th 

century29. The capacity for storm tracks to carry heat, 

precipitation, and surface wind stress toward the poles 

is intensified by climate change72. Changes in storm 

patterns resulting from climate change could also 

affect stratification persistence, wind- and wave-

induced mixing, and oxygen availability in Oregon’s 

nearshore. Though loosely associated with ENSO and 

PDO climatic variability, the storm intensities and track 

characteristics appear to be related to increasing 

upper atmospheric winds over the North Pole, which 

are strongly influenced by changes in sea surface 

temperature in the North Pacific63.

Changes in storm patterns and larger wave heights 

correspond to greater erosion of shoreline habitats 

caused by increased breaker heights, wave action, and 

swash run-up levels32. The combination of sea level 

rise, increased storm intensity, larger wave heights and 

anthropogenic shoreline development reduces available 

sandy intertidal habitat 29,73. 

This “coastal squeeze” 

also leads to decreases in 

biodiversity of 

invertebrates, recruitment, 

and prey availability for

shoreline predators73,74. 

An increase in storminess 

may affect attachment 

strength of rocky inter-

tidal organisms, though 

these have been shown in 

certain mussel species to 

vary seasonally75. Changes 

in wave action have also 

been shown to affect the 

size of intertidal algae and 

plants along the Oregon 

coast with those exposed to 

increased wave action being 

smaller with negative impacts on their reproductive 

capacity76.

Changes in Sediment Movement

Sediment delivery and replenishment play key 

roles in shaping Oregon’s nearshore sandy and soft 

bottom habitats. Sediment is stored, transported, and 

exchanged between the shoreline and ocean floor 

through upwelling77, wave action, and the tides78. 

As storm intensity, wave heights, and sea levels 

increase due to climate change, sandy beaches are 

reduced between rising sea levels and adjacent upland 

areas33,77,79. Increased breaker heights and wave 

run-up levels can increase sediment suspension and 

change deposition rates32. Shoreline armoring 

and coastal development further restrict beach 

migration by limiting the available space for normal 

sediment dynamics to compensate for climate 

change impacts33,34,79.

Sand tends to move rapidly away from shore during 

large storm events and gradually return during calm 

periods, thus protecting beaches from permanent 

erosion33. However, as storm patterns change as a 

Shoreline impacts of climate change: Climate change impacts to shoreline 
habitats include rising sea levels, changes in wave heights and storm patterns, 
and changes to sediment movement and freshwater inputs. Low gradient sandy 
beaches, such as Beverly Beach on the central Oregon coast, may be at the 
greatest risk. ODFW Photo.



12 Oregon Department of Fish and Wildlife

result of climate change, this delicate balance may be 

disrupted33. Shoreline armoring drastically increases 

sand loss during large storm events33,34, thus adding 

to the impacts of greater storm intensity on the 

Oregon coast. With summer wave heights 

increasing as well70, Oregon beaches have been 

unable to rebuild during that season29.

Changes in sediment transport may also result 

from changes in wave direction, or from anomalous 

wave angles associated with major El Niño or storm 

events80. El Niño events create natural pulses in 

sea level and alter wave directionality along the 

Oregon coast, both of which can affect sediment 

dynamics29,80. During El Niño years, winter storm tracks 

are further to the south, which changes the general 

direction of waves reaching the shore9. This produces 

a redistribution of sand on beaches, creating hot spots 

of beach erosion that have already been observed 

along the Oregon coast, indicating a current sediment 

deficit29. These impacts may be intensified if El Niños 

become more frequent off the coast of Oregon49-52. 

As North Pacific storm tracks shift as a result of climate 

change72, this may impact the sediment budgets along 

the Oregon coast as well.
 

Physical properties of sandy beaches, such as slope, 

particle size, and tidal variation, have significant 

impacts on community structure and species 

distribution, including polychaete worms, clams, 

and amphipods81. These and other physical beach 

characteristics are correlated with species richness, 

abundance, and biomass78. Low gradient sandy 

beaches typically house the greatest biodiversity33. 

These types of beaches are at higher risk from climate 

change impacts due to their erosive nature and the 

greater wave run-up on their gentle gradients, which 

could lead to the total disappearance of the habitat in 

extreme cases33. The compounded impacts of climate 

change have the potential to dramatically alter beach 

communities in Oregon’s nearshore habitats.

Changes in Freshwater Inputs

Surface salinity and nutrient levels in Oregon’s near-

shore marine waters are strongly affected by freshwa-

ter discharge cycles. Freshwater arrives in the near-

shore from rain-dominant smaller coastal rivers and 

streams82, which have more localized impact83, and 

from the snow-fed Columbia River22. Coastal water-

sheds along Oregon’s coast are predicted to experience 

extreme flood events more often as a result of climate 

change84. Flooding of freshwater systems can increase 

erosion of riparian and estuarine sediments and have 

direct impacts on the substrate structure and avail-

ability of light in nearshore habitats12. Climate models 

predict increased annual precipitation in the Pacific 

Northwest6,21, which will raise discharge levels of 

freshwater from coastal rain-fed watersheds 

Changes in freshwater inputs to Oregon’s nearshore: 
The Columbia River influences the water properties 
of Oregon’s nearshore. Changes in freshwater inputs 
resulting from climate change may affect the 
structure and stability of the Columbia River plume, 
seen here in the lighter blue. Dr. Richard Brodeur, 
NOAA Photo.

Smaller watersheds, such as the Nestucca River, 
strongly affect local water properties in Oregon’s 
nearshore. These coastal rivers and streams may 
experience extreme flooding events more often as 
precipitation patterns change as a result of climate 
change. ODFW and Oregon Department of Land 
Conservation and Development Photo.
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into the nearshore during the winter and spring. 

Freshwater delivers nutrients to the nearshore, such as 

carbon and nitrogen inputs on sandy beaches85 and 

nitrogen and silicate inputs to nearshore waters83. 

Oregon’s nearshore may be affected by changes in 

the quality, quantity, and the variability in freshwater 

inputs resulting from climate change83,85.

The Columbia River plume stretches hundreds of miles, 

moving seasonally86. It spreads primarily south and 

offshore from the mouth in the summer, and to 

the north and adjacent to the shore in winter, 

depending on climate conditions in the nearshore 

and freshwater inputs86. The average annual discharge 

on the Columbia River shows no significant long-term 

trend during the 20th century, however, the average 

summer discharge has decreased by approximately 

30 percent during the same period6. This trend results 

from a combination of dam construction, water 

management regimes, and climate change6. The 

fraction of precipitation coming from snow has been 

decreasing in the western United States, resulting in 

snowpack water storage reductions that 

affect snow-fed rivers87, such as the Columbia. In 

addition, the timing of 

spring stream flows in 

snow-fed watersheds will 

occur earlier in the year, 

shifting by 30 to 40 days 

by the end of the 21st 

century87.

Altered freshwater inputs 

will modify the stratification 

and mixing of coastal waters 

and will affect riverine 

plume formation and stabili-

zation6. With a decrease 

in the summer discharge, 

the seasonally productive 

Columbia River plume 

will be less intense and its 

inshore boundary next to 

the coastal upwelling front 

more diffuse6. The fronts 

that form the boundary of the Columbia River 

plume concentrate organisms from particular 

planktonic communities that provide a unique and 

valuable resource for upper trophic level consumers, 

such as salmonids and other planktivorous fishes88. 

Altered freshwater discharge levels may affect the 

timing of anadromous and catadromous populations 

to and from the nearshore21. For example, timing 

of spawning and outmigration of green sturgeon 

(Acipenser medirostris) in Oregon appears to be strongly 

related to both water temperatures and flow89,90. 

Changes in freshwater inputs may also affect 

recruitment success of juvenile fishes91 and possibly 

change feeding ecology of organisms resident in 

Oregon’s nearshore92.

Ocean Acidification

The ocean acts as a sink, absorbing significant amounts 

of atmospheric carbon dioxide3,93,94, and becomes 

increasingly acidic as a result25,95. While this absorption 

has slowed the growth of carbon dioxide levels in 

the atmosphere4,96, the ability of the ocean to continue 

absorbing carbon dioxide will decrease over time93. 

Oceanic uptake of carbon dioxide will induce 

CO2

CO2 H2O H2CO3

HCO3-1

H+

CO3-2

Carbonate
Ions

Hydrogen
Ions

Bicarbonate
Ions

Deformed
shells

Less
acidic

More
acidic

OCEAN ACIDIFICATION

Atmospheric
carbon dioxide

Dissolved
carbon
dioxide Water

Carbonic
acid

Figure 7: Ocean acidification
The absorption of carbon dioxide from the atmosphere reduces the availability 
of carbonate ions through a chemical reaction with seawater. These ions are 
necessary for the formation of skeletons and shells in many marine organisms.  
As more carbon dioxide is absorbed from the atmosphere, oceans will become 
more acidic.
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fundamental changes in water chemistry that could 

have extreme impacts on biological ecosystems96.

Seawater contains carbonate ions that are necessary 

for skeleton and shell formation of shellfish, corals, 

and planktonic food sources that support fisheries 

and upper trophic levels71,95 (Figure 7). Ocean acidity 

affects the solubility and availability of the carbonate 

ions needed to form calcite and aragonite shells and 

skeletons2, jeopardizing successful development and 

existence of many marine organisms2,95. These 

organisms are potentially vulnerable wherever the 

seawater saturation of aragonite or calcite is less than 

100 percent6. Most of the global surface ocean is 

presently supersaturated for both calcite and aragonite, 

while deep ocean waters are typically undersaturated2. 

The boundary between these two states is called the 

saturation horizon, though the horizon depth varies 

by latitude and location2. The horizon depth is 

especially shallow (< 985 feet or 300 meters) in the 

northeast Pacific95. In the North Pacific, the calcite 

saturation horizon has moved ~ 130 – 330 feet 

(40 - 100 meters) towards the surface since 

pre-industrial times2. Recent surveys of the continental 

shelf off the Pacific Northwest show the saturation 

horizon at less than 330 feet (100 meters) below the 

surface, and during strong upwelling events, it can be 

at the ocean surface in the nearshore95,97. Seasonal 

variation in capacity of seawater to absorb carbon 

dioxide has been observed off the Oregon coast98, 

which could lead to adverse conditions during the 

summer sooner in combination with upwelling events 
95. Spatial or temporal changes in the saturation 

state of these minerals are important for understand-

ing how ocean acidification might impact biological 

systems96.

The capacity for the ocean to continue absorbing 

carbon dioxide will decrease during the 21st century2 

and is projected to be more than 60 percent lower 

by 210094. Acidity of ocean waters will continue to 

increase worldwide, though with some regional 

variation in the rate of change in the saturation 

horizon depth94. All saturation horizons are predicted 

to become more shallow with time2,94 and at high 

latitudes, the aragonite saturation horizon may 

become extremely shallow within a few decades94. 

Predicted intensification of upwelling, which brings 

deep, naturally-acidic waters to the surface in Oregon’s 

nearshore, may exacerbate the impacts of future ocean 

acidification95. Changes in primary productivity, water 

temperatures, and circulation can also affect carbonate 

ion availability94. Predicting the exact magnitude of 

acidification is problematic, primarily due to uncertainties 

with future atmospheric carbon dioxide concentrations94.

Marine organisms may show differing responses 

to ocean acidification, particularly at local scales in 

nearshore waters, where the water characteristics are 

most variable and could buffer the effects of ocean 

acidification99. While some calcifying organisms require 

saturated conditions in order to form shells, others may 

be able to generate or maintain calcified structures in 

undersaturated conditions but at a bioenergeic cost96. 

California mussels (Mytilus californius) and gooseneck 

barnacles (Pollicipes polymerus) suffer reduced individual 

size and population abundance as waters become more 

acidic25. After only two days exposure to predicted levels 

of undersaturated seawater, live pteropods (pelagic 

gastropods) showed marked dissolution of their arago-

nite shells94. Ocean acidification may be associated with 

behavioral changes, such as difficulty with shell selection 

and slowed decision making in hermit crabs (Pagurus 

bernhardus)100. Exposure to acidic conditions during early 

life stages has been shown to disrupt recognition of 

predators in tropical marine fish species101, though this 

has yet to be investigated for temperate fish species. The 

associated effects of water temperature interact with 

acidity to elicit complex responses with both abundance 

and diversity102. Molluscs showed the greatest reduction 

in abundance and diversity in response to higher acidity 

and warmer water temperatures, whereas nematodes in-

creased in response to the same conditions, probably due 

to a reduction in predation and competition102. These 

complex responses to acidification may alter competition 

and predation dynamics, change species composition25, 

reduce biodiversity, change community structure102, or 

delay reproductive cycles99.
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Implications for Resource Management in 
Oregon’s Nearshore 

The chemical, physical, and biological changes 

occurring in the marine environment present major 

challenges for resource managers and policy makers3. 

As outlined above, many species and habitats will be 

affected by these changes, both positively and 

negatively, which may necessitate changes to current 

management actions11. New biological communities 

that form as species move and adapt may require a 

suite of new management techniques11. There are still 

many uncertainties regarding how climate change may 

affect Oregon’s nearshore marine environment into 

the future6.

Data gaps and Research Recommendations

Oregon’s nearshore is a highly variable marine 

ecosystem that can benefit from research focused 

on the impacts of atmospheric carbon dioxide 

concentrations. Continuing to improve understanding 

of underlying mechanisms in variability is critical to 

refining predictions of the impacts on this ecosystem71. 

Research is needed to improve understanding of 

complex species responses and changes to habitats 

resulting from chemical and physical forcing71. 

Observational and monitoring networks need to be 

expanded in Oregon’s nearshore ocean in order to 

continue to evaluate climate change impacts6. 

Continued investment in developing sampling 

capabilities should be a high priority, as well as 

maintaining facilities that support long term 

data collection6.

A series of general research needs particularly relevant 

to Oregon’s nearshore natural resources are listed 

below. These research recommendations are consistent 

among multiple adaptation guides available as 

resources for ODFW11,103, and with the most recent 

assessment of climate changes related to carbon 

dioxide concentrations in Oregon7. These include:

n Climate change vulnerability assessments; 

n Monitoring and evaluation of management 

        actions;

n Long-term research on climate trends and 

        ecosystem responses; and

n Regional downscaling of climate models. 

General Recommendations for Future Management 
in a Changing Nearshore Climate

To address the changes occurring in Oregon’s 

nearshore environment, resource management must 

remain flexible and adapt to sudden and unpredict-

able changes that are likely to characterize future 

marine ecosystems3,104. Adaptive management enables 

decision-makers to move forward with necessary 

actions without postponing decisions due to 

incomplete information11. Adaptation strategies will 

differ by the location and public preference for various 

alternatives. Therefore, it is important to develop 

site-based and goal oriented strategies for actions 

related to climate changes11. Assessments that 

incorporate risk exposure and vulnerability are needed 

to enable managers to prioritize species and habitats in 

need of the highest attention3,97. Management policies 

that restore and maintain critical ecological processes 

will play an increasingly important role3,97 in 

maintaining resilience in marine environments.

Informing the Oregon Nearshore Strategy 

Public participation is of the utmost importance when 

planning for climate change. The public process is a 

required element of federally-approved state wildlife 

action plans11 and the controversy associated with 

climate change assessments could be high11. This 

supplemental document provides information for 

both the interested general public and for resource 

managers to better plan for the impacts of a changing 

marine climate.

Continuing to implement the Oregon Nearshore 

Strategy and its 16 recommendations is also consid-

ered a priority action, requiring additional resources105. 

These 16 recommendations identify some key 

management concerns regarding marine species and 

habitats10. While continuing to implement the rec-

ommendations from the Oregon Nearshore Strategy 

remains important, new actions or additional man-

agement measures may be necessary to address the 

unprecedented impacts of global climate change11 and 

its impacts in Oregon’s nearshore marine environment. 



16 Oregon Department of Fish and Wildlife

1        IPCC. An Assessment of the Intergovernmental 

Panel on Climate Change - Climate Change 2007: 

Synthesis Report. (2007).

2        Bindoff, N. L., Willebrand, J., Artale, V., 

          Cazenave, A., Gregory, J. M., Gulev, S., Hanawa, 

K., LeQuéré, C., Levitus, S., Nojiri, Y., Shum, C. 

K., Talley, L. D. & Unnikrishnan, A. Observations: 

oceanic climate change and sea level.  In Climate 

Change 2007: The Physical Science Basis. 

               Contribution of Working Group I to the Fourth 

                Assessment Report of the Intergovernmental Panel 

on Climate Change (eds. Solomon, S., Qin, D., 

Manning, M., Chen Z., Marquis, M., Averyt, K. 

B., Tignor, M., & Miller H. L.) 385-432, 

          Cambridge University Press, Cambridge, UK, 

(2007).

3        Hoegh-Guldberg, O. & Bruno, J. F. The impact of 

climate change on the world’s marine 

          ecosystems. Science 328, 1523 (2010).

4        Fabry, V. J., Seibel, B. A., Feely, R. A. & Orr, J. C. 

Impacts of ocean acidification on marine fauna 

and ecosystem processes. ICES Journal of Marine 

Science: Journal du Conseil 65, 414-432 (2008).

5        Brierley, A. S. & Kingsford, M. J. Impacts of 

          climate change on marine organisms and eco-

systems. Current Biology 19, R602-R614 (2009).

6        Mote, P. W., Gavin, D. & Huyer, A. Climate 

change in Oregon’s land and marine environ-

ments. In Oregon Climate Assessment Report (eds. 

Dello, K. D. & Mote P. W.) Ch.1, 1-45 (2010).

7        Institute, O. C. C. R. Oregon Climate Assessment 

Report. College of Oceanic and Atmospheric 

Sciences, Oregon State University, Corvallis, OR, 

(2010).

8        Glick, P. & Moore, L. Setting the stage: ideas for 

safeguarding Washington’s fish and wildlife in an 

era of climate change. (ed. National Wildlife Fed-

eration) Seattle, WA (2009).

9        ODFW. The Oregon Conservation Strategy. (ed. 

Oregon Department of Fish and Wildlife) Salem, 

OR (2006).

10      ODFW. The Oregon Nearshore Strategy. (ed. 

          Marine Resources Program Oregon Department 

of Fish and Wildlife) Newport, OR, (2006).

11 Climate Change Wildlife Action Plan Work 

Group. Voluntary Guidance for States to Incorpo-

rate Climate Change into State Wildlife Action Plans 

and Other Management Plans. (2009).

12 McGowan, J. A., Cayan, D. R. & Dorman, L. 

M. Climate-ocean variability and ecosystem 

response in the Northeast Pacific. Science 281, 

210-217 (1998).

13 Smith, R. L., Huyer, A. & Fleischbein, J. The 

coastal ocean off Oregon from 1961 to 2000: 

is there evidence of climate change or only of 

Los Niños? Progress in Oceanography 49, 63-93 

(2001).

14 Mantua, N. J., Hare, S. R., Zhang, Y., Wallace, 

J. M. & Francis, R. C. A Pacific Interdecadal 

Climate Oscillation with impacts on salmon pro-

duction. Bulletin of the American Meteorological 

Society 78, 1070-1079 (1997).

15 Wang, M., Overland, J. E. & Bond, N. A. Climate 

projections for selected large marine ecosys-

tems. Journal of Marine Systems 79, 258-266 

(2010).

16 Newman, M., Compo, G. P. & Alexander, M. A. 

ENSO-forced variability of the Pacific Decadal 

REFERENCES



17Oregon Department of Fish and Wildlife

Oscillation. Journal of Climate 16, 3853-3857 

(2003).

17 Chhak, K. C., Di Lorenzo, E., Schneider, N. & 

Cummins, P. F. Forcing of low-frequency ocean 

variability in the Northeast Pacific. Journal of 

Climate 22, 1255-1276 (2009).

18 Noakes, D. J. & Beamish, R. J. Synchrony of 

marine fish catches and climate and ocean 

regime shifts in the North Pacific Ocean. Marine 

and Coastal Fisheries: Dynamics, Management, and 

Ecosystem Science 1, 155-168 (2009).

19 Hansen, J., Nazarenko, L., Ruedy, R., Sato, M., 

Willis, J., Del Genio, A., Koch, D., Lacis, A., Lo, 

K., & Menon, S. Earth’s energy imbalance: con-

firmation and implications. Science 308, 1431 

(2005).

20 Domingues, C. M., Church, J. A., White, N. J., 

Glecker, P. J., Wijffels, S. E., Barker, P. M., Dunn, 

J. R. Improved estimates of upper-ocean warm-

ing and multi-decadal sea-level rise. Nature 453, 

1090-1093 (2008).

21 Osgood, K. E. Climate Impacts on US Living 

                Marine Resources: National Marine Fisheries 

                Services Concerns, Activities and Needs. US Dept. 

of Commerce, National Oceanic and 

          Atmospheric Administration, National Marine 

Fisheries Service, (2008).

22 Huyer, A., Wheeler, P. A. Strub, P. T., Smith, R. L., 

Leteller, R., & Korso, P. M. The Newport line off 

Oregon - studies in the north east Pacific. 

          Progress in Oceanography 75, 126-160 (2007).

23 Bakun, A. Global climate change and intensifi-

cation of coastal ocean upwelling. Science 247, 

198-201 (1990).

24 Menge, B. A., Chan, F., & Lubchenco, J. Re-

sponse of a rocky intertidal ecosystem engineer 

and community dominant to climate change. 

Ecology Letters, 151-162 (2008).

25 McKinnell, S. M. &. Dagg, M.J. (eds.) Marine 

Ecosystems of the North Pacific Ocean, 2003-2008. 

PICES Special Publication 4 (2010).

26 Perry, A. L., Low, P. J., Ellis, J. R. & Reynolds, J. D. 

Climate change and distribution shifts in marine 

fishes. Science 308 (2005).

27 Hiddink, J. G. & ter Hofstede, R. Climate induced 

increases in species richness of marine fishes. 

Global Change Biology 14, 453-460 (2008).

28 Field, J. C., Baltz, K., Walker, W. A. & Phillips, A. 

J. Range expansion and trophic interactions of 

the jumbo squid, Dosidicus gigas, in the 

          California Current. CalCOFI Report 48, 131-146 

(2007).

29 Ruggiero, P., Brown, C. A., Komar, P. D., Allan, J. 

C., Reusser, D. A., & Lee, H. Impacts of climate 

change on Oregon’s coasts and estuaries. In 

          Oregon Climate Assessment Report (eds. Dello, 

K.D. and Mote, P.W.) Ch. 6, 211-268 (2010).

30 Huyer, A., Smith, R. & Fleischbein, J. The coastal 

ocean off Oregon and northern California 

          during the 1997-8 El Niño. Progress in 

               Oceanography 54, 311-341 (2002).

31 Komar, P. D., Allan, J. C. & Ruggiero, P. Sea level 

variations along the U.S. Pacific Northwest coast: 

tectonic and climate controls. Journal of Coastal 

Research 27, 808-823 (2011).

32 Allan, J. C. & Komar, P. D. Climate controls on 

US West Coast erosion processes. Journal of 

Coastal Research 22, 511 - 529 (2006).

33 Defeo, O., A. McLachlan, D. S. Schoeman, T. A. 

Schlacher, J. Dugan, A. Jones, M. Lastra, and F. 

Scapini. Threats to sandy beach ecosystems: A 

review. Estuarine, Coastal and Shelf Science 81, 

1-12 (2009).

34 Lucrezi, S., Schlacher, T. A. & Robinson, W. 

          Can storms and shore armouring exert additive 

          effectson sandy-beach habitats and biota? 

          Marine and Freshwater Research 61, 951-962 

(2010).

35 Kittinger, J. N. & Ayers, A. L. Shoreline armoring, 

risk management, and coastal resilience under 

rising seas. Coastal Management 38, 634-653 

(2010).



18 Oregon Department of Fish and Wildlife

36 Krueger, K. L., Pierce, K. B., Quinn, T. & 

          Penttila, D. E. Anticipated effects of sea level rise 

in Puget Sound on two beach-spawning fishes. 

In Sound Shorelines and the Impacts of Armoring 

- Proceedings of a State of the Science Workshop  

171-178 (2010).

37 Snyder, M. A., Sloan, L. C., Diffenbaugh, N. S. & 

Bell, J. L. Future climate change and upwelling in 

the California Current. Geophysical Research 

               Letters 30, 1823 (2003).

38 Barth, J. A. Menge, B. A., Lubchenco, J., Chan, 

F., Bane, J. M., Kirincich, A. R., McManus, M. A., 

Nielsen, K. J., Pierce, S. D., & Washburn, L. 

          Delayed upwelling alters nearshore coastal 

ocean ecosystems in the northern California 

Current. Proceedings of the National Academy of 

Sciences 104, 3719-3724 (2007).

39 Schwing, F. B., Bond, N. A., Bograd, S. J., 

          Mitchell, T., Alexander, M. A., & Mantua, N. 

          Delayed coastal upwelling along the US West 

Coast in 2005: A historical perspective. 

          Geophysical Research Letters 33, L22S01 (2006).

40 Kosro, P. M., Peterson, W. T., Hickey, B. M., 

Shearman, R. K. & Pierce, S. D. Physical versus 

biological spring transition: 2005. (2006).

41 Thomas, A. C. & Brickley, P. Satellite measure-

ments of chlorophyll distribution during spring 

2005 in the California Current. Geophysical 

Research Letters 33, L22S05 (2006).

42 Brodeur, R. D., Ralson, S., Emmet, R. L., 

          Trudel, M., Auth, T. D., & Philips, A. J. 

          Anomalous pelagic nekton abundance, 

          distribution, and apparent recruitment in the 

northern California Current in 2004 and 2005. 

(2006).

43 Weise, M. J., Costa, D. P. & Kudela, R. M. Move-

ment and diving behavior of male California sea 

lion (Zalophus californianus) during anomalous 

oceanographic conditions of 2005 compared to 

those of 2004. Geophysical Research Letters 33, 

L22S10 (2006).

44 Lee, T. & McPhaden, M. J. Increasing intensity 

          of El Niño in the central-equatorial Pacific. 

          Geophysical Research Letters 37, (2010).

45 Latif, M., Kleeman, R. & Eckert, C. Greenhouse 

warming, decadal variability, or El Niño? An 

attempt to understand the anomalous 1990s. 

Journal of Climate 10, 2221-2239 (1997).

46 Deng, L., Yang, X. Q. & Xie, Q. ENSO frequency 

change in coupled climate models as response 

to the increasing CO2 concentration. Chinese 

Science Bulletin 55, 744-751 (2010).

47 Trenberth, K. E. , Jones, P. D., Ambenje, P., 

Bojariu, R., Easterling, D., Tank, A.K., Parker, D., 

Rahimzadeh, F., Renwick, J. A., Rusticucci, M., 

Soden, B., & Zhai, P. Observations: surface and 

atmospheric climate change. In Climate Change 

2007: The Physical Science Basis. Contribution of 

Working Group I to the Fourth Assessment Report 

of the Intergovernmental Panel on Climate Change 

(eds. Solomon, S., Qin, D., Manning, M., Chen 

Z., Marquis, M., Averyt, K.B., Tignor, M., & 

Miller H.L.) 235-336 Cambridge University Press, 

Cambridge, UK, (2007). 

48 Gergis, J. L. & Fowler, A. M. A history of ENSO 

events since AD 1525: implications for future 

climate change. Climatic Change 92, 343-387 

(2009).

49 Trenberth, K. E. & Hoar, T. J. The 1990–1995 

El Niño Southern Oscillation event: longest on 

record. Geophysical Research Letters 23, 57-60 

(1996).

50 Trenberth, K. E. & Hoar, T. J. El Niño and climate 

change. Geophysical Research Letters 24, 3057-

3060 (1997).

51 An, S. I. & Wang, B. Interdecadal change of 

the structure of the ENSO mode and its impact 

on the ENSO frequency. Journal of Climate 13, 

2044-2055 (2000).

52 Mokhov, I., Khvorostyanov, D. & Eliseev, A. 

Decadal and longer term changes in El Niño – 



19Oregon Department of Fish and Wildlife

Southern Oscillation characteristics. International 

Journal of Climatology 24, 401-414 (2004).

53 Allan, R. J. ENSO and climatic variability in the 

past 150 years. In ENSO: Multiscale Variability 

and Global and Regional Impacts (eds. Diaz H. & 

Markgraf V.) 3-55, Cambridge University Press, 

(2000).

54 Yeh, S. W. ., Kug, J. S., Dewitte, B., Kwon, M. 

H., Kirtman, B. P., & Jin, F. F. El Niño in a 

          changing climate. Nature 461, 511-514 (2009).

55 Brodeur, R. & Pearcy, W. Effects of environmen-

tal variability on trophic interactions and food 

web structure in a pelagic upwelling ecosystem. 

Marine Ecology Progress Series MESEDT 84 (1992).

56 Peterson, W., Keister, J. & Feinberg, L. The 

          effects of the 1997-99 El Niño/La Niña events 

on hydrography and zooplankton off the central 

Oregon coast. Progress in Oceanography 54, 381-

398 (2002).

57 Pearcy, W. Marine nekton off Oregon and the 

1997-98 El Niño. Progress in Oceanography 54, 

399-403 (2002).

58 Furtado, J. C., Di Lorenzo, E., Schneider, N. & 

Bond, N. A. North Pacific decadal variability and 

climate change in the IPCC AR4 models. Bulletin 

of the American Meteorological Society, 3049-3067 

(2011).

59 Chan, F., Barth, J. A., Lubchenco, J., Kirincich, 

A. R., Weeks, H., Peterson, W. T. & Menge B. A.  

Emergence of anoxia in the California 

          Current Large Marine Ecosystem. Science 319, 

920 (2008).

60 Grantham, B. A., Chan, F., Nielsen, K. J., Fox, 

D. S., Barth, J. A.,  Huyer, A., Lubchenco, J. 

& Menge, B. A. Upwelling-driven nearshore 

hypoxia signals ecosystem and oceanographic 

changes in the Northeast Pacific. Nature 429, 

749-754 (2004).

61 Levin, L. A., Ekau, W., Gooday, A. J., Jorissen, F., 

Middelburg, J. J., Naqvi, W., Neira, C., Rabalais, 

& N. N. Zhang, J. Effects of natural and human-

induced hypoxia on coastal benthos. 

          Biogeosciences Discussions 6, 3563-3654 (2009).

62 Bograd, S. J., Carmen, G., Di Lorenzo, E., 

          Palacios, D. M., Bailey, H., Gilly, W., Chavez, F. P. 

Oxygen declines and the shoaling of the hypoxic 

boundary in the California Current. Geophysical 

Research Letters 35, L12607 (2008).

63 Graham, N. E. & Diaz, H. F. Evidence for 

          intensification of North Pacific winter cyclones 

since 1948. Bulletin of the American 

               Meteorological Society 82, 1869-1893 (2001).

64 Wheeler, P. A., Huyer, A. & Fleischbein, J. Cold 

halocline, increased nutrients and higher 

          chlorophyll off Oregon in 2002. Geophysical 

Research Letters 30, 8021 (2003).

65 Sanchez, G., Calienes, R. & Zuta, S. The 1997-98 

El Niño and its effects on the coastal marine 

          ecosystem off Peru. Reports of California 

               Cooperative Oceanic Fisheries Investigations 41, 

62-86 (2000).

66 Whitney, F. A., Freeland, H. J. & Robert, M. 

Persistently declining oxygen levels in the interior 

waters of the eastern subarctic Pacific. Progress 

in Oceanography 75, 179-199 (2007).

67 Vaquer-Sunyer, R. & Duarte, C. M. Thresholds of 

hypoxia for marine biodiversity. Proceedings of the 

National Academy of Sciences 105, 15452 (2008).

68 Keller, A. A., Simon, V., Chan, F., Wakefield, W. 

W., Clarke, M. E., Barth, J. A., Kamikawa, D. A. 

N., & Fruh, E. L. Demersal fish and invertebrate 

biomass in relation to an offshore hypoxic zone 

along the US West Coast. Fisheries Oceanography 

19, 76-87 (2010).

69 Altieri, A. H. Dead zones enhance key fisheries 

species by providing predation refuge. Ecology 

89, 2808-2818 (2008).

70 Ruggiero, P., Komar, P. D. & Allan, J. C. 

          Increasing wave heights and extreme value 

projections: The wave climate of the U.S. Pacific 

Northwest. Coastal Engineering 57, 539-552 

(2010).



20 Oregon Department of Fish and Wildlife

71 Valdes, L., Peterson, W., Church, K. & Marcos, 

M. Our changing oceans: conclusions of the first 

International Symposium on the Effects of climate 

change on the world’s oceans. ICES Journal of 

               Marine Science 66, 1435 - 1438 (2009).

72 Yin, J. H. A consistent poleward shift of the 

storm tracks in simulations of 21st century 

          climate. Geophysical Research Letters 32 (2005).

73 Dugan, J. E. & Hubbard, D. M. Ecological 

          responses to coastal armoring on exposed sandy 

beaches. Shore & Beach 74, 10-16 (2006).

74 Peterson, C. H., Bishop, M. J., Johnson, G. A., 

D’Anna, L. M. & Manning, L. M. Exploiting 

beach filling as an unaffordable experiment: 

benthic intertidal impacts propagating upwards 

to shorebirds. Journal of Experimental Marine 

               Biology and Ecology 338, 205-221 (2006).

75 Carrington, E. Seasonal variation in the 

          attachment strength of blue mussels: causes 

and consequences. Limnology and Oceanography, 

1723-1733 (2002).

76 Blanchette, C. A. Size and survival of intertidal 

plants in response to wave action: a case study 

with Fucus gardneri. Ecology 78, 1563-1578 

(1997).

77 Schlacher, T. A., Schoeman, D. S., Dugan, J., 

Lastra, M., Jones, A., Scapini, F., & McLachlan, 

A. Sandy beach ecosystems: key features, 

          sampling issues, managment challenges and 

climate change impacts. Marine Ecology  29, 70-

90 (2008).

78 McLachlan, A. & Dorvlo, A. Global patterns in 

sandy beach macrobenthic communities. Journal 

of Coastal Research 21, 674-687 (2005).

79 Schlacher, T. A., Dugan, J., Schoeman, D. S., 

          Lastra, M., Jones, A., Scapini, F., McLachan, A., 

& Defeo, O.  Sandy beaches at the brink. 

          Diversity and Distributions 13, 556-560 (2007).

80 Ruggiero, P., Buijsman, M., Kaminsky, G. M. & 

Gelfenbaum, G. Modeling the effects of wave 

climate and sediment supply variability on 

          large-scale shoreline change. Marine Geology 

273, 127-140 (2010).

81 McLachlan, A. Dissipative beaches and macro-

fauna communities on exposed intertidal sands. 

Journal of Coastal Research, 57-71 (1990).

82 Austin, J. A. & Barth, J. A. Drifter behavior on 

the Oregon-Washington shelf during down-

welling-favorable winds. Journal of Physical 

Oceanography 32, 3132-3144 (2002).

83 Wetz, M. S., Hales, B., Chase, Z., Wheeler, P. A. 

& Whitney, M. M. Riverine input of macronu-

trients, iron, and organic matter to the coastal 

ocean off Oregon, USA, during the winter. 

          Limnology and Oceanography, 2221-2231 (2006).

84 Hamlet, A. F. & Lettenmaier, D. P. Effects of 20th 

century warming and climate variability on flood 

risk in the western U.S. Water Resources Research 

43 (2007).

85 Schlacher, T. A. & Connolly, R. M. Land–ocean 

coupling of carbon and nitrogen fluxes on sandy 

beaches. Ecosystems 12, 311-321 (2009).

86 Hickey, B., Geier, S., Kachel, N. & MacFadyen, 

A. A bi-directional river plume: the Columbia in 

summer. Continental Shelf Research 25, 1631-

1656 (2005).

87 Stewart, I. T. Changes in snowpack and snow-

melt runoff for key mountain regions. Hydrologi-

cal Processes 23, 78-94 (2009).

88 Morgan, C. A., De Robertis, A. & Zabel, R. W. 

Columbia River plume fronts. I. Hydrography, 

zooplankton distribution, and community 

          composition. Marine Ecology Progress Series 299, 

19-31 (2005).

89 Erickson, D., North, J., Hightower, J., Weber, J. 

& Lauck, L. Movement and habitat use of green 

sturgeon Acipenser medirostris in the Rogue River, 

Oregon, USA. Journal of Applied Ichthyology 18, 

565-569 (2002).

90 Erickson, D. L. & Webb, M. A. H. Spawning 

          periodicity, spawning migration, and size at 



21Oregon Department of Fish and Wildlife

maturity of green sturgeon, Acipenser 

               medirostris, in the Rogue River, Oregon. 

          Environmental Biology of Fishes 79, 255-268 

(2007).

91 Grimes, C. B. & Kingsford, M. J. How do riverine 

plumes of different sizes influence fish larvae: do 

they enhance recruitment? Marine and 

                Freshwater Research 47, 191-208 (1996).

92 Brodeur, R. D., Fischer, J. P., Emmett, R. L., 

          Morgan, C. A. & Castillas, E. Species composi-

tion and community structure of pelagic nekton 

off Oregon and Washington under variable 

oceanographic conditions. Marine Ecology 

                Progress Series 298, 41-57 (2005).

93 Sarmiento, J. L., Le Quéré, C. & Pacala, S. W. 

Limiting future atmospheric carbon dioxide. 

Global Biogeochemical Cycles 9, 121-137 (1995).

94 Orr, J. C., Fabry, V. J., Aumont, O., Bopp, L., 

Doney, S. C., Feely, R. A., Gnanadesikan, A., 

Gruber, N., Ishida, A., Fortunat, J., Key, R. M., 

Linday, K. Maier-Reimer, E., Matear, R., Mon-

fray, P., Mouchet, A., Najjar, R. G., Plattner, G., 

Rodgers, K. B., Sabine, C. L., Sarmiento, J. L., 

Schlitzer, R., Slater, R. D., Totterdell, I. J., Weirig, 

M., Yamanaka, Y., & Yool, A. Anthropogenic 

ocean acidification over the twenty-first century 

and its impact on calcifying organisms. 

          Nature 437 (2005).

95 Feely, R. A., Sabine, C. L., Hernandez-Ayon, J. 

M., Ianson, D. & Hales, B. Evidence for upwelling 

of corrosive “acidified” water onto the 

          continental shelf. Science 320, 1490-1492 

(2008).

96 Feely, R. A., Doney, S. C. & Cooley, S. R. Ocean 

acidification: Present conditions and future 

changes in a high-CO2 world. Oceanograpy 22,

36-47 (2009).

97 Juranek, L. W., Feely, R. A., Peterson, W. T., Alin, 

S. R., Hales, B. Lee, K. Sabine, C. L., Peterson, J. 

A novel method for determination of aragonite 

saturation state on the continental shelf of 

          central Oregon using multi-parameter rela-

tionships with hydrographic data. Geophysical 

Research Letters 36, L24601.(2009).

98 Evans, W., Hales, B. & Strutton, P. G. Seasonal 

cycle of surface ocean pCO2 on the Oregon 

shelf. Journal of Geophysical Research 116, 

C05012 (2011).

99 Range, P., Chicharo, M. A., Ben-Hamadou, R., 

Piló D., Marias, D., Joaquim S., Oliveira, A. P., 

Chicharo, L. Calcification, growth and mortality 

of juvenile clams Ruditapes decussatus 

          under increased pCO2 and reduced pH: variable 

responses to ocean acidification at local scales? 

Journal of Experimental Marine Biology and 

               Ecology 396, 177-184 (2011).

100 de la Haye, K. L., Spicer, J. I., Widdicombe, S. 

& Briffa, M. Reduced sea water pH disrupts 

resource assessment and decision making in 

          the hermit crab Pagurus bernhardus. Animal 

Behaviour 82, 495-501 (2011).

101 Dixson, D. L., Munday, P. L. & Jones, G. P. Ocean 

acidification disrupts the innate ability of fish to 

detect predator olfactory cues. Ecology Letters 

13, 68-75 (2010).

102 Hale, R., Calosi, P., McNeill, L., Mieszkowska, 

N. & Widdicombe, S. Predicted levels of future 

ocean acidification and temperature rise could 

alter commnity structure and biodiversity in 

          marine benthic communities. Nordic Society Oikos 

120, 661-674 (2011).

103 Oregon Global Warming Commission, Subcom-

mittee of Fish, Wildlife, and Habitat Adaptation. 

Preparing Oregon’s Fish, Wildlife, and Habitats 

for Future Climate Change: A Guide for State 

Adaptation Efforts.  (2008).

104 Hixon, M., Gregory, S. V. & Robinson, W. D. 

Oregon’s fish and wildlife in a changing climate. 

In Oregon Climate Assessment Report  (eds. Dello, 

K. D. & Mote, P. W.) Ch.7, 266-358 (2010).

105 Oregon Department of Land Conservation and 

Development. The Oregon Climate Change 

               Adaptation Framework. (2010).



22 Oregon Department of Fish and Wildlife

Published in 2006, Oregon’s statewide comprehensive 

conservation strategy is comprised of two documents: the 

Oregon Conservation Strategy and the Oregon Nearshore 

Strategy. In 2012 ODFW undertook efforts to further unify 

the two documents. Documenting the potential effects 

of climate change on species and habitats was among the 

tasks undertaken to better integrate the Oregon Conserva-

tion Strategy and the Oregon Nearshore Strategy. This work 

could not have been accomplished without the interactive 

efforts of the many individuals, agencies, and organizations 

that developed the Oregon Nearshore Strategy http://www.

dfw.state.or.us/mrp/nearshore/index.asp 
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Oregon’s nearshore open water, or pelagic habitats, include the waters that overlay subtidal areas 

between the extreme low tide and the 30 fathom (180 feet or 55 meter) depth contour1. These 

waters are part of what is called the neritic zone, which extends out to a depth of approximately 650 feet 

(200 m). Open water habitats are affected by light, water temperature, stratification of water, physical 

mixing, and surface and underwater currents1. Seawater properties in nearshore habitats are affected by 

freshwater inputs, local environmental forcing, and large-scale conditions across the Pacific Ocean, 

including the offshore California Current System.  

Open water habitats support many species of fish, mammals, seabirds, invertebrates, and algae; all of 

which are interconnected through physical, chemical, biological, geological, and human use factors. Open 

water habitats are very important to the ecology of the nearshore ocean. This is where plankton, free-

floating organisms that provide food for many marine organisms, live1. Phytoplankton, microscopic 

plant-like organisms, are the primary producers that transform sunlight, carbon dioxide, and nutrients into 

oxygen and the food that form the base of the marine food web. Zooplankton, the next link in the marine 

food web, are planktonic animals that range in size from microscopic to several meters in diameter1. 

Zooplankton include species that live their entire lives drifting with the currents, but also many fish and 

invertebrates that start their lives as larvae before growing to adults. Nekton, or strong swimmers, typical 

in open water habitats include schooling and highly migratory species such as squid, fish, sharks, and 

marine mammals1. Open water habitats and their associated biological communities provide many 

benefits, including: 

      • primary production of biomass supporting the marine food web;

      • daily, seasonal, annual, and decadal cycling of nutrients and gases;

      • abundant food sources that satisfy recreational, commercial, and cultural values; and

      • economic opportunities for coastal communities through fishing, tourism, energy development 

         and shipping.

Human uses of nearshore open water habitats primarily include fishing, recreational boating, and 

shipping. Changes in freshwater input patterns from hydropower regulation in larger rivers also affect 

open water habitats. Fishing pressure, oil spills, noise pollution, introduction of non-native species, and 

changes to freshwater inputs are among the factors identified to be of greatest concern to managers1. 

The rise of atmospheric carbon dioxide will bring new threats and may exacerbate existing impacts to 

Oregon’s nearshore open water species and habitats. 

Rising atmospheric carbon dioxide is causing a variety of 
impacts on the marine environment, including altered 
ocean circulation, warming sea temperatures, changing 
weather patterns, and changes to freshwater runoff and 
ocean chemistry2. As open water habitats change, 
individual fish and wildlife species will respond in 
different ways to these environmental changes. As a 
result, open water species may experience diminished 

Consequences of Increased Carbon 
Dioxide for Oregon’s Open Water Areas

Changes in Oceanic Cycles

Oregon’s nearshore ocean is constantly changing, 
making it challenging to sort out signals of climate 
change impacts from other environmental cycles. 
The relationship between each of these cycles and 
rising carbon dioxide levels is not well understood. 
Understanding how oceanic cycles function is a 

food supply, decreased reproductive success, changes in 

distribution, habitat alteration, or other effects.

Cover Photos: Northern anchovy school. Photo by Geoff Shester, Oceana, Photo. Sea nettle. ODFW Photo. Gray whales. NOAA photo. 
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necessary first step to understanding how climate 
change may alter the nearshore environment.

Climate change may alter the patterns of seasonal 
upwelling and downwelling that make up the annual 
cycle (Figure 1). Upwelling is the wind-driven circulation 
of cold, nutrient-rich water from deep in the ocean up 
to nearshore waters in the spring and summer. 
Downwelling is the movement of warmer, oxygen-rich 
surface water from the nearshore to deeper waters 
during fall and winter. As the climate warms, the 
alongshore winds that drive this cycle may grow 
stronger, therefore intensifying upwelling3. As a 
consequence of climate change, predictions suggest 
that the spring transition from downwelling to 
upwelling conditions will be delayed and followed by 
stronger upwelling effects later in the season4,5.   

Both upwelling and downwelling are important to 
maintaining the base of the marine food web, and 
this dynamic may become out of balance as ocean 
conditions become less predictable. The timing and 
strength of winds affecting upwelling play a major 
role in determining annual productivity and species 

diversity6,7. During upwelling conditions, zooplankton 
populations are higher but species diversity tends to 
be lower than during winter downwelling conditions8. 
Along with upwelled water, plankton is carried from 
the highly productive continental shelf and broadly 
distributed by the California Current System9.  

When the delivery of nutrient-rich bottom water is 
delayed, primary production of marine algae and 
phytoplankton are also postponed5. Transport of 
planktonic fish and invertebrate larvae in circulating 
waters may not occur in time for successful 
replenishment of coastal populations5. Many 
migratory species, such as whiting, sardine, and 
humpback whales, time movement to maximize 
exposure to productive waters to benefit feeding, 
spawning or breeding requirements10. Marine species 
will likely need to make adjustments to regular 
timing of life activities and may respond by moving 
north or towards shore10,11. Many nearshore marine 
fish, including rockfishes, salmon, and sardine, require 
strong upwelling for high offspring survival10,11.  

Figure 1. Upwelling and Downwelling 
1A. During spring and summer, winds from 
the north blow parallel to the shore, exerting 
drag on the ocean’s surface. The combination 
of energy transfer downward in the water 
column and the earth’s rotation move surface 
waters off shore, 90 degrees to the right of 
the wind direction. This water is replaced by 
cold, nutrient rich, low oxygen waters from 
the deep offshore ocean. This process is called 
upwelling. During spring/summer upwelling 
production of nearshore plants and animals is 
at its highest. 

1B. During fall and winter, winds from 
the south blow parallel to the shore driving 
surface waters shoreward where they 
submerge in a process called downwelling. 
Downwelling transports nearshore surface 
waters to resupply deep offshore waters with 
oxygen. Storm activity is highest, and runoff 
from precipitation over land contributes to 
mixing nearshore waters and loading the 
environment with oxygen and freshwater 
inputs

(a.) Summer

Upwell
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(b.) Winter
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In addition to annual cycles, interannual (multi-year) 
cycles such as atypical conditions from the El Niño 
Southern Oscillation (ENSO) also cause physical changes 
in open water habitats13. During the ENSO cycle, water 
temperatures alternate between warmer El Niño and 
cooler La Niña conditions. The cycle typically occurs 
over a period of three to seven years with warm or 
cold conditions persisting for six to twelve months at 
a time12,13. El Niño events have intensified in recent 
decades and may become more intense and more 
frequent in coming years14-17.  

El Niño events can affect upwelling, water circulation, 
and temperatures13. In turn, this affects primary 
productivity, species distribution and abundance, and 
marine food web dynamics in Oregon’s nearshore13. 
Severe El Niño events reduce planktonic food-sources, 
redistribute algae to greater depth, and decimate 
localized populations of kelp, fish, or invertebrates13,15. 
Strong El Niño conditions from 1983 resulted in low 
overall plankton productivity and an influx of southern 
species in Oregon, which dramatically affected food 
web dynamics18.

Warming Ocean Temperatures  

The world’s oceans are warming. For most of the past 
century, significant changes in sea surface temperature 
have been recorded in the northeast Pacific13 as most 
of the heat added to the atmosphere is absorbed by the 
ocean19. Oregon’s coastal surface waters have warmed 
an average of 0.5º F (0.3º C) per decade since the 
mid-20th century and are predicted to increase an 
average of 2.2º F (1.2º C) by the mid-21st century14. 
Warming conditions can affect open water community 
in many ways including decreased plankton 
productivity, changes in species abundance, and 
shifts in species distribution northward6,10.

As ocean temperatures warm, distributions of fish 
and other mobile animals are moving northward, likely 
associated with species-specific temperature 
requirements6,20. Northward population shifts may 
also be linked to temperature-associated food source 
availability6. Around the globe, distributions of many 
tuna, shark, and marine mammal species may 
shift significantly as a result of warming sea 
temperatures10,21. Fish and marine mammal 
biodiversity may actually increase off the Oregon coast, 
with an influx of warm-water species from the south5. 
New interactions among species that do not currently 

overlap in distribution may alter nearshore community 
dynamics. Some fish species exhibit enhanced growth 
and survival when cool water zooplankton are available 
because this food base provides greater biomass and 
higher energy content6. The abundance, distribution, 
and spawning success of Pacific sardine are strongly 
influenced by sea surface temperature22.  Jellyfish 
abundance can change dramatically from year to year 
based on fluctuations in sea surface temperature23. 
Jellyfish can quickly replace fish as dominant species 
if populations are subjected to major environmental 
change24.

Sea nettle, a common jellyfish in Oregon’s nearshore. 
ODFW Photo.

Warming ocean temperatures can have consequences 
for successful reproduction.  Some marine species will 
establish reproductive populations in new regions with 
suitable conditions10. For example, hake and Pacific 
sardine have recently spawned in waters off Oregon 
and Washington22,25. Other species habitually return to 
established sites even if conditions are less conducive to 
the survival of young. Many shark species can adapt to 
variations in water temperature as necessary to follow 
changing prey distributions, but their young may be 
more vulnerable to warmer temperatures at established 
pupping sites10. Overall, open water communities are 
predicted to respond to warming conditions with altered 
community structure and shifts in species distribution 
and diversity.
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Changes in Freshwater Input  
Climate change will alter frequency, magnitude and 
duration of freshwater inputs into the nearshore ocean. 
As Oregon’s climate warms, winter and spring flooding 
may increase while summer and fall precipitation may 
diminish. This would lead to higher seasonal extremes in 
the amount of freshwater versus saltwater in nearshore 
ocean waters, affecting nearshore habitats and species. 
The amount of freshwater input changes the salinity 
and density of seawater. Changes in freshwater input 
may alter river runoff, circulation and nutrient levels in 
nearshore waters.

Climate change will affect Oregon’s small coastal 
watersheds with shifts in runoff strength, timing, and 
duration, altering nutrient inputs and water properties 
of coastal marine waters10,14,26. Many migratory 
species, such as hake, sardine, mackerels, sharks, and 
salmon are drawn to specific environmental conditions 
that occur during high or low runoff seasons27. 
Consequently, changes in timing, strength, or quality 
of freshwater runoff could alter the species composition 
of nearshore open water communities.

When the large Columbia River empties into the ocean, 
it creates a plume that stretches hundreds of miles1,28, 
and the area where the plume meets the ocean 
generates productive conditions that attract many 
species of fish, seabirds, and marine mammals1,27. 
Planktonic communities concentrate along this boundary 
and provide a unique and valuable resource for upper 
trophic level consumers, like salmon and other fishes29.
  
Throughout the 20th century, the average summer 
discharge from the Columbia River, also known as 
summer base flow, has decreased by approximately 
30 percent due to the combined effects of hydroelectric 
regulation, water management regimes, and climate 
change14. With decreased summer base flows, 
formation and stability of the productive Columbia River 
plume will be less intense and its inshore boundary next 
to the coastal upwelling front will be more diffuse10,14. 
These impacts may affect the timing of fish migration to 
and from the nearshore, survival of juvenile fishes, and 
food availability for animals residing in Oregon’s 
nearshore10,27,30.

Changes in Hypoxia  
Hypoxia is defined as conditions in which dissolved 
oxygen in seawater is below the level necessary for most 
animals to survive. An intensification of upwelling 

resulting from climate change may exacerbate the 
frequency and duration of hypoxia (low oxygen) and 
anoxia (no oxygen) in Oregon’s open water habitats. 
The occurrence of hypoxia was first documented in 
Oregon’s nearshore in 200031. In addition, anoxia 
was initially documented in 200631. Dissolved oxygen 
concentrations have been declining in Oregon’s coastal 
waters since the 1960s14. 

Hypoxic conditions are particularly strong along 
Oregon’s central shelf near Stonewall and Heceta Banks 
offshore of Newport and Florence14. Since 2000, 
hypoxia has been observed within approximately 80 
percent of the nearshore water column between June 
and October31. Areas affected by hypoxia increase 
in size during summer upwelling14.  Respiration can 
depress low oxygen levels in the upwelled water even 
further especially in highly productive areas32.

Marine organisms require dissolved oxygen to live 
and when dissolved oxygen levels decrease, marine 
species may suffer stunted growth, abnormal behavior, 
or death33,34. The physical condition and catch of many 
marine fish species declines as oxygen levels decrease35. 
Many fish adapt to hypoxic conditions by changing 
behaviors, such as a 70% decrease in swimming activity 
by juvenile white sturgeon36. When deprived of 
sufficient oxygen, northern anchovy and other schooling 
open water fish suppress swimming patterns and 
behaviors that normally protect the school against 
predators34. In 2002, a particularly strong hypoxic 
event led to fish kills in the nearshore1,32.  

In contrast, some invertebrate species, such as 
moon jellyfish and Humboldt squid, are more tolerant 
of hypoxic conditions with consequences for species 
composition and trophic relationships34. In hypoxic 
conditions, the animals that eat jellyfish move 
elsewhere and moon jellyfish populations increase 
dramatically34,37. Fish larvae become sluggish and are 
less able to escape being eaten by moon jellyfish, 
causing community composition to become out of 
balance34,37. In the eastern Pacific Ocean, Humboldt 
squid have expanded their range through periodic 
warmer ocean temperatures. In hypoxic areas, Humboldt 
squid can outcompete other predators, such as whiting 
or tuna, by using the low-oxygen areas to feed on 
organisms that other predators can’t reach34. The spread 
of hypoxia resulting from intensified upwelling may alter 
nearshore community relationships and ecosystem 
resilience may be reduced.



Ocean Acidification 
The world’s oceans are becoming increasingly acidic 
as more atmospheric carbon dioxide is absorbed into 
the ocean6,14,38. At the same time, deeper waters can 
become naturally acidic as living organisms consume 
oxygen and expel carbon dioxide. During periods of 
strong upwelling, these acidic waters can be transported 
into Oregon’s nearshore6,14,38.  

Seawater contains carbonate ions that are necessary 
for skeleton and shell formation. When carbon dioxide 
reacts with seawater, the availability of carbonate is 
reduced (Figure 2) and successful development of 
shellfish and planktonic food sources that form the 
base of the marine food web and support fisheries, 

including salmon and groundfish, is threatened14,38,39.  
Each time the abundance of a single species changes, 
there is a possibility of cascading effects throughout 
the open water community. Certain plankton, pelagic 
snails, and other important prey are less able to maintain 
structural integrity in acidic waters40-42. These effects 
could lead to higher mortality of significant food sources 
for upper trophic levels38,40 and larval fishes12. These 
declines alter competition and predation dynamics 
and may contribute to increased populations of 
non-calcifying organisms6. As ocean acidification alters 
community dynamics, open water communities may 
become less resilient to climate change impacts or any 
other environmental stressors.  
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Figure 2. Ocean acidification
The absorption of carbon 
dioxide from the atmosphere 
reduces the availability of 
carbonate ions through a 
chemical reaction with 
seawater. These ions are 
necessary for the formation 
of skeletons and shells in 
many marine organisms. 
As more carbon dioxide is 
absorbed from the 
atmosphere, oceans will 
become more acidic. 

Oceanographic instrument 
that measures water 

properties at various depths 
being deployed from 

a research vessel. 
Jay Peterson photo.

Open water marine species are subject to a host of 
stressors including fishing and changes in water 
quality and chemistry. Climate change impacts will likely 
exacerbate these pressures in the coming years, putting 
additional strain on marine systems39. Many aspects of 
climate change impacts on nearshore marine systems 
remain poorly understood. More information is needed 
regarding large-scale or long-term environmental 
variability and rates of change. Additional information 
pertaining to the relationships between ocean 
circulation, local habitats, marine populations, and 
human uses will help inform future management 
actions. Cooperative research and evaluation of threats 
to marine ecosystems, including climate change, could 
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help bridge data gaps 
and overcome a limited 
understanding of all 
impacts to open water 
habitats and species43. 

Oregon’s open water 
areas are publicly owned, resulting in a complex mix 
of laws, rules, and programs governing the use, 
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Primary Productivity and Climate Change
Photosynthesis by phytoplankton, microscopic 
plant-like organisms, is a critical link in nutrient 
cycling in the ocean12,45. As the base of the marine 
food web, phytoplankton will respond first to 
climate change impacts12. Globally, primary 
productivity from oceanic phytoplankton has 
decreased over the last decade45. Oceanic 
productivity is negatively affected by warmer water 
temperatures resulting from both oceanic cycles or 
as the oceans warm due to climate change45.  

Off the Oregon coast, primary productivity levels 
change from year to year and are affected by the 
annual upwelling cycle and interannual ENSO 
events12. With climate change, the onset of spring 
upwelling may be delayed12, altering the nutrients 
available for primary productivity in the spring in 
Oregon’s nearshore. More nutrients may be 
available through an intensification of upwelling, 
driving stronger productivity and increasing the 
probability of hypoxic and anoxic events off the 
Oregon coast12. El Niño events may become more 
intense and more frequent14-17, bringing warmer 
waters to the Oregon coast and reducing available 
nutrients at the ocean’s surface. The delivery of 
nutrients into the nearshore by coastal rivers and 
streams becomes important during the winter 
months22. As freshwater runoff changes, the 
timing and amount of nutrients may be affected 
and could alter the growth and distribution of 
phytoplankton in the nearshore12. All of these 
impacts are consistent with global trends in primary 
productivity as the climate changes and will have 
dramatic impacts on marine food webs.

conservation, and management of Oregon’s marine 
resources1. Management of marine resources should 
be flexible in order to adapt to climate change impacts 
and maintain resource sustainability in the future12. 
Currently, the Oregon Department of Fish and Wildlife 
is working with a number of conservation partners to 
support ongoing efforts and develop new methods to 
conserve the ecological value of open water habitats in 
the face of various stressors, including climate change. 
These include:

      • determining the influence of ocean conditions 
         on long-term recruitment and survival, and 
         monitoring long-term trends in marine 
         populations; 
      • updating information regarding ocean circulation, 

water properties, and relationships between local 
Oregon conditions and global ocean and climate 
conditions;

      • conducting gear selectivity and bycatch reduction 
studies to reduce fishing impacts on open water 
communities;

      • investigating larval dispersal potential, and 
         inferring limitations to genetic exchange;
      • enhancing nearshore research and monitoring 

programs to meet data needs for conservation and 
management;

      • generating baseline data to understand existing 
resources and conditions; and

      • determining life history characteristics for marine 
species to develop new stock assessments and 
population status indicators.

These efforts represent large scientific questions that 
cannot be fully addressed with individual research 
projects. As resource managers learn more about the 
effects of climate change on open water communities, 
that knowledge can be applied to the cumulative effects 
on habitats and organisms where multiple impacts are 
occurring simultaneously. Management approaches must 
then adapt to best address these effects. Adaptive 
management is based on an understanding of 
environmental processes, and an acceptance of 
large-scale changes that can be addressed by 
increasing ecological resilience40.  

Species responses to short-term changes in 
environmental conditions need to be documented 
in order to predict how local populations are likely to 
respond when exposed to large-scale or long-term 
climate change impacts40. Understanding of these 

variables will continue over time by building the 
region’s research base and by emphasizing nearshore 
research. Informed by the results of ongoing research 
and collaborative efforts, management strategies can be 
designed to reduce existing sources of stress on open 
water habitats and the fish and wildlife that utilize them. 
By minimizing existing impacts, future threats to open 
water habitats can be moderated and nearshore 
communities can better cope with climate change 
and other current and future threats.
 
 



Oregon Department of Fish and WildlifeOregon Department of Fish and Wildlife

REFERENCES

7

1 ODFW. The Oregon Nearshore Strategy. (ed. 
Marine Resources Program Oregon Department of 
Fish and Wildlife) Newport, OR (2006).

2 Brierley, A. S. & Kingsford, M. J. Impacts of 
          climate change on marine organisms and 
          ecosystems. Current Biology 19, R602-R614 

(2009).

3 Bakun, A. Global climate change and 
          intensification of coastal ocean upwelling. Science 

247, 198-201 (1990).

4 Snyder, M. A., Sloan, L. C., Diffenbaugh, N. S. & 
Bell, J. L. Future climate change and upwelling 
in the California Current. Geophys. Res. Lett 30, 
1823 (2003).

5 Barth, J. A., Menge, B. A., Lubchenco J., Chan 
F., Bane, J. M., Kirincich, A. R., McManus, M. A., 
Nielsen, K. J., Pierce, S. D. & Washburn, L. Delayed 
upwelling alters nearshore coastal ocean 

          ecosystems in the northern California Current. 
Proceedings of the National Academy of Sciences 
104, 3719-3724 (2007).

6 McKinnell, S. M. & Dagg, M.J. (eds.). Marine 
          ecosystems of the Pacific Ocean, 2003-2008. 

PICES Special Publication 4, (2010).

7 Hickey, B. & Banas, N. Oceanography of the U.S. 
Pacific Northwest coastal ocean estuaries with 

          application to coastal ecology. Estuaries 26, 
         1010-1031 (2003).

8 Hooff, R. C. & Peterson, W. T. Copepod 
          biodiversity as an indicator of changes in ocean 

and climate conditions of the northern California 
Current ecosystem. American Society of 

          Limnology and Oceanography 51, 2607 - 2620 
(2006).

9 Keister, J. E., Cowles, T. J., Peterson, W. T. & 
Morgan, C. A. Do upwelling filaments result 
in predictable biological distributions in coastal 
upwelling ecosystems? Progress in Oceanography 
83, 303 - 313 (2009).

10 Osgood, K. E. Climate impacts on US living marine 
resources: National Marine Fisheries Service 

          concerns, activities, and needs. US Dept. of 

          Commerce, National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service 
(2008).

11 Brodeur, R. D., Ralston, S., Emmett, R. L., Trudel, 
M., Auth, T. D. & Phillips, A. J. Anomalous pelagic 
nekton abundance, distribution, and apparent 
recruitment in the northern California Current in 
2004 and 2005. (2006).

12 Hixon, M., Gregory, S. V. & Robinson, W. D. 
          Oregon’s fish and wildlife in a changing climate. In 

Oregon Climate Assessment Report (eds. Dello, K. 
D. & Mote, P. W.) Ch. 7, 269-361 (2010).

13 McGowan, J. A., Cayan, D. R. & Dorman, L. M. 
Climate-ocean variability and ecosystem response 
in the Northeast Pacific. Science 281, 210-217 
(1998).

14 Mote, P. W., Gavin, D. & Huyer, A. Climate change 
in Oregon’s land and marine environments. In 
Oregon Climate Assessment Report (eds. Dello, K. 
D. & Mote, P. W.) Ch. 1, 1-45 (2010).

15 Halpin, P. M., Strub, P. T., Peterson, W. T. & 
Baumgartner, T. R. An overview of interactions 
among oceanography, marine ecosystems, climatic 
and human disruptions along the eastern margins 
of the Pacific Ocean. Revista Chilena de Historia 
Natural 77, 371-409 (2004).

16 Lee, T. & McPhaden, M. J. Increasing intensity of 
El Niño in the central-equatorial Pacific. Geophys. 
Res. Lett 37, 2009–2010 (2010).

17 Deng, L., Yang, X. Q. & Xie, Q. ENSO frequency 
change in coupled climate models as response 

          to the increasing CO2 concentration. Chinese 
          Science Bulletin 55, 744-751 (2010).

18 Brodeur, R. & Pearcy, W. Effects of environmental 
variability on trophic interactions and food web 
structure in a pelagic upwelling ecosystem. Marine 
Ecology Progress Series MESEDT 84 (1992).

19 Hoegh-Guldberg, O. & Bruno, J. F. The impact of 
climate change on the world’s marine ecosystems. 
Science 328, 1523 (2010).



Oregon Department of Fish and WildlifeOregon Department of Fish and Wildlife 8

20 Perry, A. L., Low, P. J., Ellis, J. R. & Reynolds, J. D. 
Climate change and distribution shifts in marine 
fishes. Science 308 (2005).

21 MacLeod, C. D. Global climate change, range 
changes and potential implications for the 

          conservation of marine cetaceans: a review and 
synthesis. Endangered Species Research 7, 

         125-136 (2009).

22 Emmett, R. L., Brodeur, R. D., Miller, T. W., Pool, S. 
S., Krutzikowsky, G. K., Bentley, P. J. & McCrae, J. 
Pacific Sardine (Sardinops sagax) abundance, 

          distribution, and ecological relationships in the 
Pacific Northwest. CalCOFI Report 46, 122-143 
(2005).

23 Brodeur, R. D., Mills, C. E., Overland, J. E., Walters, 
G. E. & Schumacher, J. D. Evidence for a 

          substantial increase in gelatinous zooplankton 
in the Bering Sea, with possible links to climate 
change. Fisheries Oceanography 8, 296-306 
(1999).

24 Mills, C. E. medusae, siphonophores, and 
          ctenophores as planktivorous. ICES Journal of 

Marine Science 52, 575-581 (1995).

25 Phillips, A. J., Auth, T. D., Ralston, S., Emmett, R. 
L., Wespestad, V. G., Brodeur, R. D. & Johnson, C. 
Recent pre-recruit Pacific hake (Merluccius 

               productus) occurrences in the northern California 
Current suggest a northward expansion of their 
spawning area. CalCOFI Report 48, 215-229 
(2007).

26 Wetz, M. S., Hales, B., Chase, Z., Wheeler, P. A. & 
Whitney, M. M. Riverine input of macronutrients, 
iron, and organic matter to the coastal ocean off 
Oregon, USA, during the winter. Limnology and 
Oceanography, 2221-2231 (2006).

27 Brodeur, R. D., Fischer, J. P., Emmett, R. L., 
          Morgan, C. A. & Castillas, E. Species composition 

and community structure of pelagic nekton off 
Oregon and Washington under variable 

          oceanographic conditions. Marine Ecology 
          Progress Series 298, 41-57 (2005).

28 Hickey, B., Geier, S., Kachel, N. & MacFadyen, A. A 
bi-directional river plume: The Columbia in 

          summer. Continental Shelf Research 25, 1631-
1656 (2005).

29 Morgan, C. A., De Robertis, A. & Zabel, R. W. 
Columbia River plume fronts. I. Hydrography, zoo-

plankton distribution, and community 
          composition. Marine Ecology Progress Series 299, 

19-31 (2005).

30 Grimes, C. B. & Kingsford, M. J. How do riverine 
plumes of different sizes influence fish larvae: do 
they enhance recruitment? Marine and Freshwater 
Research 47, 191-208 (1996).

31 Chan, F., Barth, J. A., Lubchenco, J., Kirincich, 
A. R., Weeks, H., Peterson, W. T. & Menge B. A.  
Emergence of anoxia in the California Current 
Large Marine Ecosystem. Science 319, 920 (2008).

32 Grantham, B. A., Chan, F., Nielsen, K. J., Fox, D. 
S., Barth, J. A.,  Huyer, A., Lubchenco, J. & Menge, 
B. A. Upwelling-driven nearshore hypoxia signals 
ecosystem and oceanographic changes in the 
Northeast Pacific. Nature 429, 749-754 (2004).

33 Whitney, F. A., Freeland, H. J. & Robert, M. 
          Persistently declining oxygen levels in the interior 

waters of the eastern subarctic Pacific. Progress in 
Oceanography 75, 179-199 (2007).

34 Ekau, W., Auel, H., Portner, H. O. & Gilbert, D. 
Impacts of hypoxia on the structure and processes 
in pelagic communities (zooplankton, macro-

          invertebrates and fish). Biogeosciences 7, 1669-
1699 (2010).

35 Keller, A. A., Victor, S., Chan, F., Wakefield, W. W., 
Clarke, M. E., Barth, J. A., Kamikawa, D. A. N. & 
Fruh, E. L. Demersal fish and invertebrate biomass 
in relation to an offshore hypoxic zone along the 
US West Coast. Fisheries Oceanography 19, 76-87 
(2010).

36 Crocker, C. E. & Cech, J. J. Effects of 
          environmental hypoxia on oxygen 
          consumption rate and swimming activity in 
          juvenile white sturgeon, Acipenser 
               transmontanus, in relation to temperature and life 

intervals. Environmental Biology of Fishes 50, 
          383-389 (1997).

37 Shoji, J., Masuda, R., Yamashita, Y. & Tanaka, M. 
Predation on fish larvae by moon jellyfish Aurelia 
aurita under low dissolved oxygen concentrations. 
Fisheries Science 71, 748-753 (2005).

38 Feely, R. A., Sabine, C. L., Hernandez-Ayon, J. M., 
Ianson, D. & Hales, B. Evidence for upwelling of 
corrosive “acidified” water onto the continental 
shelf. Science 320, 1490-1492 (2008).



Oregon Department of Fish and WildlifeOregon Department of Fish and Wildlife9

39 Valdes, L., Peterson, W., Church, K. & Marcos, 
M. Our changing oceans: conclusions of the first 
International Symposium on the Effects of climate 
change on the world’s oceans. ICES Journal of 
Marine Science 66, 1435 - 1438 (2009).

40 Fabry, V. J., Seibel, B. A., Feely, R. A. & Orr, J. C. 
Impacts of ocean acidification on marine fauna 
and ecosystem processes. ICES Journal of Marine 
Science: Journal du Conseil 65, 414-432 (2008).

41 Comeau, S., Gorsky, G., Jeffree, R., Teyssie, J. L. 
& Gattuso, J. P. Impact of ocean acidification on 
a key Arctic pelagic mollusc (Limacina helicina). 
Biogeosciences 6, 1877-1882 (2009).

42 Orr, J. C., Fabry, V. J., Aumont, O., Bopp, L., 
Doney, S. C., Feely, R. A., Gnanadesikan, A., 

          Gruber, N., Ishida, A., Fortunat, J., Key, R. M., 
          Linday, K. Maier-Reimer, E., Matear, R., Monfray, 

P., Mouchet, A., Najjar, R. G., Plattner, G., Rodg-
ers, K. B., Sabine, C. L., Sarmiento, J. L., Schlitzer, 

R., Slater, R. D., Totterdell, I. J., Weirig, M., 
Yamanaka, Y., & Yool, A. Anthropogenic ocean 
acidification over the twenty-first century and 
its impact on calcifying organisms. Nature 437 
(2005).

43 Coleman, K. The necessity of establishing a 
          regional marine research program for the U.S. 

West Coast. Coastal Management 37, 136-153 
(2009).

44 Defeo, O., McLachlan, A., Schoeman, D. S., 
Schlacher, T. A., Dugan, J.,  Jones, A., Lastra, M. 
& Scapini, F. Threats to sandy beach ecosystems: 
A review. Estuarine, Coastal and Shelf Science 81, 
1-12 (2009).

45 Behrenfeld, M. O’Malley, J. R. T., Siegel, D. A., 
McCain, C. R., Sarmiento, J. L., Feldman, G. C.,  
Milligan, A. J., Falkowski, P. G., Letelier, R. M. & 
Boss, E. S. Climate-driven trends in contemporary 
ocean productivity. Nature 444, 752-755 (2006).

ADDITIONAL SOURCES
1 Allan, J. C. & Komar, P. D. Climate controls on US 

West Coast erosion processes. Journal of Coastal 
Research 22, 511 - 529 (2006).

2 Austin, J. A. & Barth, J. A. Drifter behavior on 
          the Oregon-Washington shelf during down-

welling-favorable winds. Journal of Physical 
Oceanography 32, 3132-3144 (2002).

3 Bindoff, N. L., Willebrand, J., Artale, V., Cazenave, 
A., Gregory, J. M., Gulev, S., Hanawa, K., LeQuéré, 
C., Levitus, S., Nojiri, Y., Shum, C. K., Talley, L. D. 
& Unnikrishnan, A. Observations: oceanic climate 
change and sea level.  In Climate Change 2007: 
The Physical Science Basis. Contribution of 

          Working Group I to the Fourth Assessment Re-
port of the Intergovernmental Panel on Climate 
Change (eds. Solomon, S., Qin, D., Manning, M., 
Chen Z., Marquis, M., Averyt, K. B., Tignor, M., & 
Miller H. L.) 385-432, Cambridge University Press, 
Cambridge, UK, (2007).

4 Brodeur, R. D., Pearcy, W. G. & Ralston, S. 
          Abundance and distribution patterns of nekton 

and micronekton in the northern California 
          Current transition zone. Journal of Oceanography 

59, 515-535 (2003).

5 Group, C. C. W. A. P. W. Voluntary guidance for 
states to incorporate climate change into State 
Wildlife Action Plans and other management 
plans.  (2009).

6 Defeo, O., McLachlan, A., Schoeman, D. S., 
Schlacher, T. A., Dugan, J.,  Jones, A., Lastra, M. 
& Scapini, F. Threats to sandy beach ecosystems: 
A review. Estuarine, Coastal and Shelf Science 81, 
1-12 (2009).

7 Garrison, T. Essentials of Oceanography: Second 
Edition. Brooks/Cole Publishing Co., Belmont, CA, 
(2001).



8 Gilly, W. F., Markaida, U., Baxter, C. H., Block, B. 
A., Boustany, A., Zeidberg, L., Reisenbichler, K., 
Robinson, B., Bazzino, C. & Salinas, C. Vertical 

          and horizontal migrations by the jumbo squid 
          Dosidicus gigas revealed by electronic tagging. 

Marine Ecology Progress Series 324 (2006).

9 Hickey, B. & Banas, N. Oceanography of the U.S. 
Pacific Northwest coastal ocean estuaries with 
application to coastal ecology. Estuaries 26, 1010-
1031 (2003).

10 Huyer, A., Wheeler, P. A., Strub, P. T., Smith, R. L., 
Letelier, R. & Korso, P. M. The Newport line off 
Oregon - studies in the north east Pacific. Progress 
in Oceanography 75, 126-160 (2007).

11 IPCC. An Assessment of the Intergovernmental 
Panel on Climate Change - Climate Change 2007: 
Synthesis Report. (2007).

12 Keister, J. E., Di Lorenzo, E., Morgan, C. A., 
Combes, V. & Peterson, W. T. Zooplankton species 
composition is linked to ocean transport in the 
northern California Current. Global Change 

          Biology 17, 2498-2511 (2011).

13 Learmonth, J. A., Macleod, C. D., Santos, M. B., 
Pierce, G. J., Crick, H. Q. P. & Robinson, R. A. 
Potential effects of climate change on marine 
mammals. Oceanography and Marine Biology: An 
Annual Review 44, 431-464 (2006).

14 Levin, L., Ekau, W., Gooday, A. J., Jorissen, F.,  
Middelburg, J. J.,  Naqvi, W., Neira, C., Rabalais, 
N. N., & Zhang, J. Effects of natural and 

          human-induced hypoxia on coastal benthos. 
          Biogeosciences Discussions 6, 3563-3654 (2009).

15 Mantua, N. J., Hare, S. R., Zhang, Y., Wallace, J. M. 
& Francis, R. C. A Pacific Interdecadal Climate 

          Oscillation with impacts on salmon production. 
Bulletin of the American Meteorological Society 78, 
1070-1079 (1997).

16 Menge, B. A., Chan, F. & Lubchenco, J. Response 
          of a rocky intertidal ecosystem engineer and 
          community dominant to climate change. Ecology 

Letters, 151-162 (2008).

17 Noakes, D. J. & Beamish, R. J. Synchrony of marine 
fish catches and climate and ocean regime shifts in 
the North Pacific Ocean. Marine and Coastal 

          Fisheries: Dynamics, Management, and Ecosystem 
Science 1, 155-168 (2009).

18 OPAC. Territorial Sea Plan. (ed. Ocean Policy 
          Advisory Council) (1994).

19 Riebesell, U., Zondervan, I., Rost, B., Tortell, P., 
Zeebe, R. & Morel, F. Reduced calcification of 

          marine plankton in response to increased 
          atmospheric CO2. Nature 407, 364-367 (2000).

20 Shanks, A. L. & Roegner, R. C. Recruitment 
          limitation in Dungeness crab populations driven by 

variation in atmospheric forcing. Ecology 88, 1726-
1737 (2007).

Oregon Department of Fish and Wildlife 10



the OREGON
CONSERVATION
STRATEGY

Oregon Department of Fish and Wildlife
3406 Cherry Ave N.E.
Salem, OR 97303
(503) 947-6000
www.dfw.state.or.us



the OREGON
CONSERVATION
STRATEGY 

FACT SHEET

Climate Change and Oregon’s 
Subtidal Habitats

Oregon Department of Fish and Wildlife



Oregon Department of Fish and WildlifeOregon Department of Fish and Wildlife

Oregon’s subtidal habitats include soft-bottom and rocky areas that occur between the extreme low 

tide line and the 30 fathom (180 feet or 55 meter) depth contour1. This narrow strip of coastal ocean 

falls between the intertidal area and the deep sea. It is heavily influenced by oceanographic processes, 

underwater currents, and both physical and chemical water properties1. Ocean currents, which vary widely 

by location, season and tidal cycle, influence subtidal habitats in a variety of ways including erosion, sand 

scour, and/or burial and movement of organisms1. The temperature, salinity, nutrient level, and oxygen 

content of the waters surrounding subtidal habitats are affected by freshwater inputs, local environmental 

forcing, and much larger scale conditions across the Pacific Ocean1.  

The variety of topography, substrate characteristics, and depths within and among subtidal habitats 

produce a densely packed and highly diverse set of microhabitats1, which support abundant communities 

of marine organisms including numerous invertebrates, fish, algae, and marine plants. An estimated 98 

percent of the world’s marine species live in or on the seafloor2. Subtidal habitats provide many benefits 

including:

      • rocky substrate for attached invertebrates 

         and habitat-forming organisms;

      • nursery areas for juvenile fish;

      • economic opportunities for coastal 

         communities through fishing, tourism, and 

recreation;

      • slowing of currents by rocky reefs, which 

enhances the capture of drifting food-source 

organisms, especially in reefs with large 

         kelp beds;

      • food sources (e.g., groundfish, sea urchins, 

Dungeness crab, flatfish species) for human 

consumption that satisfy recreational, 

         commercial, and cultural values;

      • kelp beds on shallow reefs that provide 

         vertical structure and increase the 

         microhabitats available on the seafloor

      • nutrient cycling by deposit feeders and 

         micro-organisms living within soft-bottom 

         sediments; and

      • an abundance of forage organisms and 

         feeding areas that support birds, fish, and 

         marine mammals.

Human uses of subtidal habitats include fishing, recreation, underwater cables and outflow pipes, and 

at-sea disposal of dredged material. Vessel traffic in nearshore waters can increase sediment contamination 

through oil discharges that collect in the subtidal seabed1. These stressors may lead to changes in water 

quality (e.g., pollution), community dynamics (e.g., predation, competition), and physical factors such as 

temperature, availability of nutrients, water turbidity, and storm events1. The rise of atmospheric carbon 

dioxide will bring new threats and may exacerbate existing impacts to Oregon’s subtidal species 

and habitats. 

Rising atmospheric carbon dioxide is causing a variety 
of impacts on the marine environment, including altered 
ocean circulation, less dissolved oxygen, increasing sea 
temperatures, and changes in freshwater input and 
ocean chemistry3. Although the effects of these 
impacts on subtidal organisms are not fully understood, 
seafloor habitats are expected to undergo significant 

Consequences of Increased Carbon 
Dioxide for Oregon’s Subtidal Areas

changes4. As subtidal habitats change, individual species 
will respond in different ways to these environmental 
changes. Subtidal species may experience diminished 
food supplies, decreased reproductive success, changes 
in distribution, or habitat alteration, among others.  

Subtidal communities are dominated by species with 
long-lived pelagic larval stages. During these life stages, 
larvae may float long distances within the water column 
and disperse to other suitable habitats spread out 
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along the coastline5. Populations that are relatively 
isolated on patchy habitat are reliant on larval dispersal 
for replenishment, a process that may be altered by 
environmental change5. These changes could potentially 
lead to insufficient replenishment to maintain 
populations and reduced genetic variability, as well 
as altered community structure5.  

Oregon’s nearshore ocean is constantly changing, 
making it challenging to sort out signals of climate 
change impacts from other environmental cycles. 
The relationship between each of these cycles and 
rising carbon dioxide levels is not well understood. 
Understanding how oceanic cycles function is a 
necessary first step to understanding how climate 
change may alter the nearshore environment.  

Climate change may alter the patterns of seasonal 
upwelling and downwelling that make up the annual 

Changes in Oceanic Cycles

Dungeness crab megalopae (baby crab). ODFW photo.

Adult Dungeness crab. ODFW photo.

cycle (Figure 1). Upwelling is the wind-driven circulation 
of cold, nutrient-rich water from deep in the ocean 
up to nearshore waters in the spring and summer. 
Downwelling is the movement of warmer, oxygen-rich 
surface water from the nearshore to deeper waters 
during fall and winter. As the climate warms, the 
alongshore winds that drive this cycle may grow 
stronger, therefore intensifying upwelling6. As a 
consequence of climate change, predictions suggest 
that the spring transition from downwelling to upwelling 

conditions will be delayed and followed by 
stronger upwelling effects later in 
the season7,8.  

Both upwelling and downwelling are 
important to maintaining the base of the 
marine food web, annual productivity, and 
species diversity. When the delivery of 
nutrient-rich bottom water is delayed, 
primary production of marine algae and 
phytoplankton are also postponed8. 
Transport of planktonic fish and invertebrate 
larvae in circulating waters to and from 

subtidal habitats may 
not occur in time 
for successful 
replenishment of coastal 
populations8. 
If upwelling continues 
for extended periods 
without relaxation, larvae 
are forced to stay in 
offshore waters where 
they will not settle and 
grow in appropriate 
subtidal habitat.
  
As an example, 
Dungeness crab larvae 
generally hatch 
mid-winter and spend 

three months developing in open waters far from shore 
before returning to the coastline in upwelled waters in 
early March9. If upwelling is delayed, megalopae (baby 
crabs) spend more time in open waters where they 
are eaten by other animals and consequently, fewer 
crabs will survive to migrate back to nearshore waters9. 
Catches of adult Dungeness crab demonstrate the direct 
relationship between timing of upwelling onset, 
successful development of megalopae, and subsequent 
abundance of adult crabs9. 
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Figure 1. Upwelling and Downwelling 
1A. During spring and summer, winds 
from the north blow parallel to the 
shore, exerting drag on the ocean’s 
surface. The combination of energy 
transfer downward in the water column 
and the earth’s rotation move surface 
waters off shore, 90 degrees to the right 
of the wind direction. This water is 
replaced by cold, nutrient rich, low 
oxygen waters from the deep offshore 
ocean. This process is called upwelling. 
During spring/summer, upwelling 
production of nearshore plants and 
animals is at its highest. 

1B. During fall and winter, winds from 
the south blow parallel to the shore 
driving surface waters shoreward 
where they submerge in a process 
called downwelling. Downwelling 
transports nearshore surface waters 
to resupply deep offshore waters with 
oxygen. Storm activity is highest, and 
runoff from precipitation over land 
contributes to mixing nearshore waters 
and loading the environment with 
oxygen and freshwater inputs. 

(a.) Summer

Upwell
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g

PHYTOPLANKTON

ZOOPLANKTON
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In addition to annual cycles, interannual (multi-year) 
cycles, such as atypical conditions from the El Niño 
Southern Oscillation (ENSO), also cause physical changes 
to subtidal habitats10. During the ENSO cycle, water 
temperatures alternate between warmer El Niño and 
cooler La Niña conditions. The cycle typically occurs over 
a period of three to seven years with warm or cold 
conditions persisting for six to twelve months at a 
time4,10. El Niño events have intensified in recent 
decades and may become more intense and more 
frequent in coming years11-14.  

El Niño events can affect upwelling, water 
circulation and temperatures10. In turn, this 
affects primary productivity, species distribution and 
abundance, and marine food web dynamics in Oregon’s 
nearshore10. Severe El Niño events reduce planktonic 
food-sources, redistribute algae to greater depth, or 
destroy localized populations of kelp, fish, or 
invertebrates10,12. 

Populations of young rockfishes have low 
abundances during El Niño conditions15. Strong 
El Niño conditions from 1983 resulted in low overall 
plankton productivity and an influx of southern species 
to Oregon waters, which dramatically affected food web 
dynamics16.

Changes in Hypoxia  
Hypoxia is defined as the condition in which dissolved 
oxygen in seawater is below the level necessary for most 
animals to survive. An intensification of upwelling 
resulting from climate change may exacerbate the 
frequency and duration of hypoxia (low oxygen) and 
anoxia (no oxygen) in Oregon’s subtidal habitats. The 
occurrence of hypoxia was first documented in Oregon’s 
nearshore in 200017. In addition, anoxia was initially 
documented in 200617,18. Dissolved oxygen 
concentrations have been declining in Oregon’s coastal 
waters since the 1960s11. 
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Hypoxic conditions are particularly strong near Stonewall 
and Heceta Banks offshore of Newport and Florence, 
where low oxygen concentrations are found relatively 
close to shore11. Since 2000, hypoxia has been observed 
within approximately 80 percent of the nearshore water 
column between June and October17. Areas affected 
by hypoxia increase in size during summer upwelling11.  
Respiration can depress low oxygen levels in the 
upwelled water even further especially in highly 
productive areas5. 

Marine organisms require dissolved oxygen to live, and 
as oxygen levels decrease with increasing severity of 
hypoxia, individuals may suffer stunted growth, slowed 
metabolic rates, or death19. To some extent, hypoxic 
conditions occur naturally within soft-bottom sediments, 
where animals consume oxygen and release carbon 
dioxide, and where some animals may have increased 
tolerance to low oxygen levels2. However, many 
subtidal organisms are not tolerant to low 
concentrations of oxygen.    

During a hypoxic event in 2002, crab mortality, which 
does not normally occur in commercial fishery pots, 
reached greater than 75 percent and underwater video 
surveys documented complete, or nearly complete 
mortality of affected rocky reef communities comprised 
of rockfish and other fish and invertebrates20. 
Seasonally-persistent anoxia or hypoxia greatly impacts 
organisms that live on the ocean floor or in bottom 
waters18. Hypoxic areas have greater displacement of 
mobile species that are driven out of preferred 
habitats18-21. In severe conditions, most invertebrates 
will die and be replaced by bacterial mats, and reefs 
known to support diverse rockfish fisheries will be 
completely devoid of fish17.  

Displacement of mobile species will put additional 
pressure on adjacent habitats, where increased predation 
could alter a broad range of marine populations19,20. 
In some instances, predators living on soft-bottom 
sediments will be forced to leave feeding grounds due 
to hypoxic conditions, relieving predatory control of prey 
populations living within sediments22. If prey animals are 
tolerant to hypoxic conditions, then populations would 
be expected to increase and habitat quality 
may be indirectly affected22. If upwelling intensity 
increases with climate change, there may be negative 
repercussions on the availability of oxygen for subtidal 
species and habitats.

Warming Ocean Temperatures  

The world’s oceans are warming. For most of the past 
century, significant changes in sea surface temperature 
have been recorded in the northeast Pacific10 as most 
of the added heat to the atmosphere is absorbed by the 
ocean23. Oregon’s coastal surface waters have warmed 
an average of 0.5º F (0.3º C) per decade since mid-20th 
century and are predicted to increase an average of 2.2º 
F (1.2º C) by the mid-21st century11. Warming 
conditions can affect subtidal communities in many 
ways including decreased primary productivity, changes 
in species abundance and shifts in species distribution 
toward the poles18,24.

Ocean stratification is the natural formation of layers 
of water with different densities and temperatures. In 
general, stratified layers of warm surface waters mix 
less easily with colder, deeper water, but as the climate 
warms, the upper ocean will most likely be more 
stratified on average24 making ocean mixing less 
effective at bringing nutrients to the surface, thereby 
reducing primary productivity23,24. Reduced 
productivity means less food is available at the base 
of marine food webs25, potentially affecting 
subtidal species.    

As ocean temperatures warm, distributions of fish 
and other mobile animals are moving northward, likely 
associated with species-specific temperature 
requirements18,26. Northward population shifts 
may also be linked to temperature-associated food 
source availability18. Some fish species exhibit enhanced 
growth and survival when cool water zooplankton is 
available because this food base provides greater 
biomass and higher energy content18. While some 
species may react poorly to changing temperature 
conditions, others, including arthropods and annelids, 
may be less vulnerable27. Predominant species 
abundance may shift from one group to another27. 
Overall, biological communities on and in seafloor 
habitats are predicted to respond to warming conditions 
with altered community structure and shifts in species 
diversity27.

Ocean Acidification  
The world’s oceans are becoming increasingly acidic as 
more atmospheric carbon dioxide is absorbed into the 
ocean11,18,28. At the same time, deeper waters can 
become naturally acidic as living organisms consume 
oxygen and expel carbon dioxide. During periods of 
strong upwelling, these acidic waters can be transported 
into Oregon’s nearshore11,18,28.
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Seawater contains carbonate ions that are necessary 
for skeleton and shell formation. However, when 
carbon dioxide reacts with seawater, the availability of 
carbonate is reduced and successful development of 
shellfish, corals, and planktonic food sources that 
support fisheries, including salmon and groundfish, 
is threatened11,28,29 (Figure 2).

Shell-forming organisms may suffer reduced individual 
size and decreased populations as seawater becomes 
more acidic18.  Organisms living on or beneath soft 
bottom sediments are also vulnerable to impacts of 
acidification. Acidification has resulted in decreased 
fertilization rates in sea urchins, and may affect the 
ability of other organisms to grow and reproduce 
normally2. More acidic conditions can lead to changes 
in population abundances due to altered predation 
dynamics. Exposure to seawater simulating ocean 
acidification during early life stages of rocky reef 
tropical fish has been shown to disrupt recognition 
of predators, leading to increased predation30, though 
this has yet to be investigated for fish species locally 
abundant in Oregon. Reduced fish abundance can 
relieve local predation and may contribute to increased 
populations of algae and non-calcifying organisms18.  

Each time the abundance of a single species changes, 
there is a possibility of cascading effects throughout the 
subtidal community. If acidification leads to the removal 
or reduced populations of one species, biodiversity 
would be reduced and community food webs would 
become less complex2. Subtidal communities would be 
less able to support some marine animals whose prey 
are reduced or removed due to sensitivity to acidic 
conditions, decreasing overall community resilience.
    

Figure 2. Ocean acidification. The 
absorption of carbon dioxide from 
the atmosphere reduces the availability 
of carbonate ions through a chemical 
reaction with seawater. These ions 
are necessary for the formation of 
skeletons and shells in many marine 
organisms.  As more carbon dioxide is 
absorbed from the atmosphere, oceans 
will become more acidic.

Subtidal marine species 
are subject to a host 
of stressors including 
habitat alteration and 
fishing. Climate change 
impacts will exacerbate 
these pressures in 
the coming years, 
putting additional 
strain on marine 
systems29. Many 
aspects of climate 
change impacts 
on nearshore 
marine systems 
remain poorly 
understood. More information is needed regarding 
large-scale or long-term environmental variability and 
rates of change.
 
Additional information pertaining to the relationships 
between ocean circulation, local habitats, marine 
populations, and human uses will help inform future 
management actions. Cooperative research and 
evaluation of threats to marine ecosystems, including 
climate change, could help bridge data gaps and 
overcome a limited understanding of all impacts to 
subtidal habitats and species31. 

Oregon’s subtidal areas are publicly owned, resulting in a 
complex mix of laws, rules and programs governing the 
use, conservation, and management of Oregon’s marine 
resources1. Management of marine resources should be 

Managing for Climate-adaptive 
Subtidal Areas

 ODFW’s remotely operated vehicle 
being deployed. ODFW photo.

Underwater oceanographic data collection. 
ODFW photo. 
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flexible in order to adapt to climate change impacts and 
maintain resource sustainability in the future4. Currently, 
the Oregon Department of Fish and Wildlife is working 
with a number of conservation partners to support 
ongoing efforts and develop new methods to conserve 
the ecological value of subtidal habitats in the face of 
various stressors, including climate change. 
These include:

      • developing an inventory of Oregon’s subtidal 
soft-bottom areas and rocky reefs to establish a 
baseline of habitat distribution, physical structure, 
and depth;

      • periodic monitoring of species on rocky reefs to 
understand the changes in abundance associated 
with natural cycles and harvest;

      • conducting gear selectivity and bycatch reduction 
studies to reduce fishing impacts on subtidal 

         communities;
      • generating baseline data to understand the 
         resources present;
      • collecting socioeconomic data to understand 

the relationship between coastal communities 
and nearshore resources, and using it to inform 
decision-making; and

      • monitoring the influence of ocean conditions on 
long-term trends in abundance.

These efforts represent large scientific questions that 
cannot be addressed with individual research projects. 
As resource managers learn more about the effects 
of climate change on subtidal communities, that 
knowledge can be applied to the cumulative effects 
on habitats and organisms from multiple impacts that 
occur simultaneously. Management approaches must 
then adapt to best address these effects. Adaptive 
management is based on an understanding of 
environmental processes, and an acceptance of 
large-scale changes that can be addressed by increasing 
ecological resilience32.  

Species responses to short-term changes in 
environmental conditions need to be documented in 
order to predict how local populations are likely to 
respond when exposed to large-scale or long-term 
climate change impacts32. Understanding these 
variables will continue over time by building the region’s 
research base and emphasizing nearshore research. 
Informed by the results of ongoing research and 
collaborative efforts, management strategies can be 
designed to reduce existing sources of stress on subtidal 
habitats and the fish and wildlife that utilize them. By 
minimizing existing impacts, future threats to subtidal 

habitats can be moderated and nearshore communities 
can better cope with climate change and other current 
and future threats.

Kelp Beds and Climate Change
Kelp beds are extremely productive and diverse, supporting many 

species of fish, shellfish, bryozoans, sponges, and tunicates12. Kelp 
beds are particularly sensitive to high temperatures and low nutrient 
levels, making them vulnerable to some of the climate change impacts 
already observed in Oregon’s nearshore subtidal habitats4.  

In Oregon’s nearshore, kelp beds only form on rocky substrate 
located in shallow subtidal areas1,12. At depths greater than ~ 80 feet 
(25 meters), low light levels on the seafloor limit the growth of kelp1. 
Natural factors that may limit the growth of kelp in shallow waters 
include seasonal sand burial of the reef, sand scour of the rocks, too 
much wave and storm exposure, locally high turbidity, the amount of 
exposure to nutrient-rich waters, abundance of organisms that eat 
kelp (e.g., sea urchins), and competition with attached invertebrates 
and algae for rock surface1,12. All of these limiting factors can be 
exacerbated by climate change.

Kelp stalks are anchored to subtidal rocks by a holdfast, which is 
connected by a stipe to the blades. Blades fan out near the water’s 
surface forming a canopy and eventually producing sporophytes for 
reproduction. When shallow rocky areas receive cold, nutrient rich 
water through upwelling, holdfasts and canopies grow larger and 
more sporophytes are produced, dramatically increasing the 
stability and successful growth of the population33. Sporophytes 
travel through the water and settle in new shoreline habitats, but will 
only successfully attach and grow on hard substrates like rocky reefs12. 
As waters warm and nutrient delivery from upwelling and oceanic 
circulation becomes more variable, conditions for kelp forests will likely 
deteriorate and may result in population declines. If kelp beds decline, 
subtidal species reliant on kelp for food and habitat will be affected.  

Kelp beds on Oregon’s south coast. 
ODFW photo. 

Kelp blades. ODFW photo.
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Oregon’s intertidal habitats include the sandy beaches and rocky areas between extreme high tide and 

extreme low tide. Differences in elevation, degree of wave exposure, and type of geologic structure 

within these habitats produce a variety of microhabitats, often supporting high species diversity within 

relatively small geographic areas1. The physical environment changes dramatically as the tide rises and falls, 

subjecting organisms to constant variations of exposure to air, waves, freshwater and sun. Local currents 

and ocean circulation introduce additional variables to the habitat, including sand scour of rocks, seasonal 

burial of rocky areas, and transport of food, larvae, and nutrients to and from intertidal sites. Seasonal 

variation in wind, wave energy and currents move substantial amounts of sand onto or away from the 

intertidal zone, resulting in significant changes in habitat characteristics throughout the year.  

Species living in the intertidal environment have adapted in a variety of ways to survive these frequently 

changing conditions.  Some move to follow the level of water as the tide rises and falls, or seek shelter 

in shaded crevices or beneath seaweed. Others retain water within shells and bodies, burrow, or rely on 

specialized abilities for orientation and picking up environmental cues. The adult stages of many intertidal 

species are unique to these habitats, although these species commonly have larval stages that inhabit open 

water habitats. Intertidal areas provide many benefits including: 

      • beach storage of sand for alongshore transport;

      • resting, feeding and refuge areas for birds and marine mammals;

      • absorption of wave and storm surges, buffering the coastline against storm damage; and

      • nursery areas and seagrass beds that support early development of marine species.

Intertidal areas attract substantial human use for activities such as walking, wildlife watching and 

tidepooling. Some beaches serve as launch and recovery areas for surfers, personal watercrafts and fishing 

boats. Visitation of the intertidal area has been increasing, leading to increased harmful impacts from 

trampling of marine organisms and degradation of habitat. Development in coastal areas has led to 

alteration or loss of intertidal habitats. The rise of atmospheric carbon dioxide will bring new threats and 

may exacerbate existing impacts to Oregon’s intertidal habitats and species. 
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Consequences of Increased Carbon 
Dioxide for Oregon’s Intertidal Areas 

Rising atmospheric carbon dioxide is causing a variety of 
impacts on the marine environment, including altered 
ocean circulation, increasing sea temperatures, sea level 
rise, changing weather patterns, and changes in fresh-
water input and ocean chemistry2. As intertidal habitats 
change, individual fish and wildlife species will respond 
in different ways to these environmental changes. 
Intertidal species may experience diminished food 
supply, decreased reproductive success, changes in 
distribution, habitat alteration, or other effects.

Changes in Oceanic Cycles  
Oregon’s nearshore ocean is constantly changing, mak-
ing it challenging to sort out signals of climate change 
impacts from other environmental cycles. The relation-
ship between each of these cycles and rising carbon 

dioxide levels is not well understood. Understanding 
how oceanic cycles function is a necessary first step to 
understanding how climate change may alter the 
nearshore environment.

Climate change may alter the patterns of seasonal 
upwelling and downwelling that make up the annual 
cycle (Figure 1). Upwelling is the wind-driven circulation 
of cold, nutrient-rich water from deep in the ocean up 
to nearshore waters in the spring and summer. Down-
welling is the movement of warmer, oxygen-rich surface 
water from the nearshore to deeper waters during fall 
and winter. As the climate warms, the alongshore winds 
that drive this cycle may grow stronger, therefore inten-
sifying upwelling3. As a consequence of climate change, 
predictions suggest that the spring transition from 
downwelling to upwelling conditions will be delayed and 
followed by stronger upwelling later in the season4,5.  
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Both upwelling and downwelling are important to 
maintaining the base of the marine food web, annual 
productivity, and species diversity. When the delivery 
of nutrient-rich bottom water is delayed, primary 
production of marine algae and phytoplankton are also 
postponed5. Delayed or low levels of primary 
productivity may not support many intertidal organisms 
for which food availability is time-sensitive5. Intertidal 
species may suffer low recruitment during intense, 
late-season upwelling periods. Upwelling phases of 
surging and relaxing transfer fish and invertebrate larvae 
between the shoreline and offshore waters. If upwelling 
continues for extended periods without relaxation, larvae 
are forced to stay in offshore waters where they will not 
settle and grow in appropriate intertidal habitat.  

Upwelling events decrease summer sea temperatures 
by bringing cold water to the nearshore. Shoreline 
conditions tend to be foggy and cool during upwelling 
events, easing the stresses to intertidal organisms during 
low tides3,6. Key invertebrate predators including sea 
stars and whelks are most densely populated during the 
upwelling season7. When upwelling brings cold water 
into the nearshore, the decreased water temperatures 
slow the metabolic rate of these animals causing them 
to consume far less prey7. If Oregon’s characteristic 
seasonal water temperatures are changed, warmer 
water temperatures in the spring could have 
significant impacts on intertidal community relationships 
and predator-prey interactions6,7. 

(a.) Summer

Upwell
in

g

PHYTOPLANKTON

ZOOPLANKTON

(b.) Winter

Downwelli
ng

PHYTOPLANKTON

ZOOPLANKTON

 Figure 1. Upwelling and Downwelling 
1A. During spring and summer, 
winds from the north blow parallel 
to the shore, exerting drag on the 
ocean’s surface. The combination of 
energy transfer downward in the 
water column and the earth’s 
rotation move surface waters off 
shore, 90 degrees to the right of 
the wind direction. This water is 
replaced by cold, nutrient rich, low 
oxygen waters from the deep 
offshore ocean. This process is 
called upwelling. During spring/
summer, upwelling production of 
nearshore plants and animals is at 
its highest.

1B. During fall and winter, winds 
from the south blow parallel to 
the shore driving surface waters 
shoreward where they submerge 
in a process called downwelling. 
Downwelling transports nearshore 
surface waters to resupply deep 
offshore waters with oxygen. 
Storm activity is highest, and runoff 
from precipitation over land 
contributes to mixing nearshore 
waters and loading the 
environment with oxygen and 
freshwater inputs. 
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growth is limited by the animals’ tolerance to warmer 
temperatures and exposure to air at low tide14.
  

Sea Level Rise  
Sea level is rising due to melting ice sheets and 
expanding sea water, both consequences of rising global 
temperatures. As a result, small islands may soon be 
submerged, leading to a loss of intertidal habitat11. 
Along the shoreline, the high-tide line is migrating 
inland, forcing beach habitat to move inland or be 
compressed between cliffs or developed shoreline 
structures and the rising sea level16. Habitat changes 
associated with sea level rise are particularly pronounced 
in areas with beach armoring (structures that have been 
built to control shoreline erosion). As these structures 
come in contact with high-energy waves more often, 
beach erosion will be accelerated16. Beach sediment 
distribution will be altered, leading to habitat changes 
such as beach slope and grain size17.  

Sea level rise may correspond to modified reproductive 
timing or success for marine beach-spawning 
populations17. For example, two key marine prey species 
that spawn on intertidal beaches–surf smelt and Pacific 
sandlance–will lose significant spawning habitat in the 
coming decades as beaches are compressed and 
environmental conditions appropriate for reproduction 
are altered by climate change17. Without certain 
conditions (e.g., temperature, humidity, elevation, light 
exposure) survival of young will be substantially reduced 
17,18.

As sea levels rise, intertidal habitats and species 
interactions are altered dramatically in terms of 

Warming Ocean Temperatures  

The world’s oceans are warming. For most of the past 
century, significant changes in sea surface temperatures 
have been recorded in the northeast Pacific8 as most of 
the added heat to the atmosphere is absorbed by the 
ocean9. Oregon’s coastal surface waters have warmed 
an average of 0.5º F (0.3º C) per decade since mid-20th 
century and are predicted to increase an average of 
2.2º F (1.2º C) by the mid-21st century10. Warming 
conditions affect intertidal community dynamics in many 
ways including shifts in species distribution towards the 
poles and altered growth of marine organisms11,12.  
  
Organisms respond to climate change by relocating 
to microhabitats with preferred conditions. As ocean 
temperatures warm, distributions of fish populations 
and other mobile animals are moving northward, likely 
associated with specific temperature requirements12,13. 
These species distribution shifts may be linked to the 
availability of food sources that require specific 
temperatures12,13. Attached rocky intertidal animals may 
be affected more by changes in terrestrial 
temperatures than water temperatures6. For many of 
them, increased heat stress and exposure may limit 
species range or reduce local populations8,14.  

Some species, such as mussels, will grow larger or faster 
due to an accelerated metabolic response to warmer 
water temperatures14. However, at some point, the 
ability of marine species to take advantage of warmer 
water temperatures will exceed its tolerance, resulting 
in death15. Species experiencing rapid growth will run 
out of suitable habitat more quickly, beyond which point 

California mussels at Bob’s Creek, Cape Perpetua. ODFW photo.
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Coastal Storms and Wave Height  
Storm intensity and wave heights have increased off 
the west coast during the past 50 years20. As a result, 
greater erosion of shoreline habitats has been caused 
by increased wave action and more turbulent waters 
washing the beach20. Both storm intensity and wave 
height may be linked to rising water temperatures, and 
the capacity for storms to carry heat, precipitation, 
and surface winds northward is intensified by climate 
change21. As seawater warms, heat energy builds and 
can result in storms with greater intensity, longer 
duration, earlier annual fall onset, and a larger total 
area affected22. As storms intensify, so does the amount 

of wave energy approaching the shore from different 
directions, which can accelerate erosion of sandy beach 
habitats23.

Changes in storm activity or wave height may alter 
physical characteristics of sandy beaches such as 
slope and sand grain size, which are the primary 
factors determining the abundance and species 
composition of sandy beach communities16,24. 
Gentle-slope sandy beaches are subjected to the 
highest extent of wave run-up. These areas support 
some of the most diverse beach communities and are 
particularly vulnerable to erosion and redistribution 
of sand. Loss of these beaches will squeeze many 
invertebrate species between steep upland areas and 
rising sea levels. These species will suffer reduced ability 
to colonize beaches and will be increasingly subjected 
to high-energy storms and waves16,24,25.  

Changes in Freshwater Input  
Climate change will alter frequency, magnitude and 
duration of freshwater inputs into the nearshore ocean. 
As Oregon’s climate warms, winter and spring flooding 
may increase while summer and fall precipitation may 
diminish. This would lead to higher seasonal extremes in 
the amount of freshwater versus saltwater in nearshore 
ocean waters, affecting nearshore habitats and species. 
The amount of freshwater input changes the salinity and 
density of seawater. Changes in freshwater input may 
alter nearshore circulation and affect the availability of 
nutrients in the nearshore ocean.  

Changes in freshwater inputs to Oregon’s nearshore 
ocean will affect intertidal species compositions and 
distributions. Freshwater rivers that cross sandy beaches 
to flow into nearshore waters can become “bar-bound” 
during low-flow periods in summer and fall, forcing the 
river to flow through the sand to reach the sea. When 
this happens, changes occur to the amount of water, 
nutrients, and sometimes pollutants present in sandy 
beach habitats, affecting resident organisms.  

Flooding of freshwater systems can increase erosion 
of riparian and estuarine sediments. These changes will 
have direct impacts on the sediment structure and 
availability of light in nearshore habitats8. Sessile 
invertebrates, such as barnacles or mussels, would be 
directly affected when buried by high levels of sediment 
delivered by nearby freshwater sources. Altered 
nearshore circulation will impact the distribution of 
organisms that drift in nearshore waters26 and 
eventually settle on intertidal rocks or sand.  

distribution, competition and predation6,14. Rising sea 
levels will reduce the availability and suitability of beach 
haulout sites for harbor seals15. Decreased densities of 
intertidal crabs are associated with sea level rise19. The 
upper range of the California mussel continues to 
expand upwards as sea levels rise, competing with other 
attached invertebrates for space14. The range of a key 
predator, the ochre sea star, is also expanding, increasing 
predation rates on attached intertidal invertebrates14. 
The ability of intertidal animals to adapt to sea level 
rise will depend on the availability of suitable habitat at 
higher elevations that will gradually be converted from 
upland to intertidal area 6. 

Harbor seals using sandy beaches. ODFW photo.

Ochre sea stars consuming California mussels.  
David Cowles photo. 
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Ocean Acidification  

The world’s oceans are becoming increasingly acidic as 
more atmospheric carbon dioxide is absorbed into the 
ocean10,12,27. Seawater contains carbonate ions that 
are necessary for skeleton and shell formation. However, 
when carbon dioxide is absorbed by the ocean, the 
availability of carbonate is reduced (Figure 2) and 
successful development of mussels, barnacles, clams, 
corals, and planktonic food sources that support 
fisheries, including salmon and groundfish, is 
threatened10,22,27.

Shell-forming organisms may suffer reduced individual 
size and decreased populations as seawater becomes 
more acidic12. Organisms living on or beneath the 
sandy surface are also vulnerable to impacts of 
acidification. Marine organisms respond differently to 
acidification at local scales, particularly in nearshore 
waters, where the characteristics of the water are 
most variable28. Tidepool conditions change naturally 
between high and low levels of oxygen and carbon 
dioxide as animals breathe and incoming tides flush the 
pools29,30. However, as acidic waters increasingly impact 
intertidal habitats, resident organisms may need to adapt 
by making costly trade-offs to stay alive29. Animals may 
experience disruption to normal chemical cues in the 
water and become disoriented, causing them to 
compromise reproductive success or make themselves 
more vulnerable to predators29. For example, as 
hermit crabs grow out of their shells and search for 
larger replacements, the decision making process may 
be affected by acidification, which reduces the ability 
of hermit crabs to select optimal shells29. 
 
Species interactions and predation dynamics are 
expected to change under acidic conditions, leading 
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to reduced species diversity and changes in community 
structure29,31. The effects of water temperature
and acidity can interact to produce complex species 
responses that impact community abundance and 
diversity31. For example, mollusks showed the 
greatest reduction in abundance and diversity in 
response to more acidic and warmer waters, whereas 
nematodes increased in response to the same 
conditions, probably due to a reduction in predation 
and competition31. Acidification can alter competition 
among species and predation behaviors, contributing to 
increased populations of algae and organisms that don’t 
develop shells12. Each time the abundance of a single 
species is changed, there is a possibility of cascading 
effects throughout the intertidal community.

Managing for Climate-adaptive 
Intertidal Areas
Intertidal marine species are subject to a host of 
stressors including habitat alteration and coastal 
development. Climate change impacts will add to these 
pressures in the coming years, putting additional strain 
on marine ecosystems22. Many aspects of climate 
change impacts on nearshore marine systems remain 
poorly understood. More information is needed 
regarding large-scale or long-term environmental 
variability and rates of change. Additional information 
pertaining to the relationships between ocean 
circulation, local habitats, marine populations, and 
human uses will help inform future management 
actions. Cooperative research and evaluation of threats 
to marine ecosystems, including climate change, could 
help bridge data gaps and overcome a limited 
understanding of all impacts to intertidal habitats and 
species32.  Oregon’s intertidal areas are publicly owned, 
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Figure 2. Ocean acidification 
The absorption of carbon dioxide 
from the atmosphere reduces the 
availability of carbonate ions through 
a chemical reaction with seawater. 
These ions are necessary for the 
formation of skeletons and shells in 
many marine organisms. 
As more carbon dioxide is absorbed 
from the atmosphere, oceans will 
become more acidic. 
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resulting in a complex mix of laws, rules and programs 
governing the use, conservation and management of 
Oregon’s marine resources1. Management of marine 
resources should be flexible in order to adapt to climate 
change impacts and maintain resource sustainability in 
the future15. Currently, the Oregon Department of Fish 
and Wildlife is working with a number of conservation 
partners to support ongoing efforts and develop new 
methods to conserve the ecological value of intertidal 
habitats in the face of various stressors, including climate 
change. These include: 

      • assessing the effects of beach armoring structures 
on natural sediment migration; 

      • managing harvest of marine intertidal species;
      • educating the public about tidepool and beach 

etiquette, and encouraging a sense of personal 
stewardship;

      • enhancing nearshore research and monitoring 
         programs and developing new programs to meet 

data needs for conservation and management;
      • generating baseline data to understand the 
         resources present; and 
      • determining the influence of ocean conditions on 

long-term recruitment and survival, and monitoring 
long-term trends in population size.

These efforts represent large scientific questions that 
cannot be fully addressed with individual research 
projects. As resource managers learn more about the 
effects of climate change on intertidal communities, that 
knowledge can be applied to the cumulative effects on 
habitats and organisms where multiple impacts are 
occurring simultaneously. Management approaches must 
then adapt to best address these effects. Adaptive 
management is based on an understanding of 
environmental processes, and an acceptance of large-
scale changes that can be addressed by increasing 
ecological resilience16.  

Oregon’s intertidal habitats are occupied by specialized 
organisms that are well adapted to high-energy and 
highly changeable environments16. Species responses to 
short-term changes in environmental conditions need 
to be documented in order to predict how local popula-

tions are likely to respond when exposed to large-scale 
or long-term climate change impacts16. Understand-
ing these variables will continue over time by building 
the region’s research base and emphasizing nearshore 
research. Informed by the results of ongoing research 
and collaborative efforts, management strategies can 
be designed to reduce the existing sources of stress on 
intertidal habitats and the fish and wildlife that utilize 
them. By minimizing existing impacts, future threats to 
intertidal habitats can be moderated and nearshore 
communities can better cope with climate change and 
other current and future threats.

ODFW personnel sampling clams in rocky cobble 
intertidal habitat. ODFW photo.

Harmful Algal Blooms and Climate Change
Within the past 15 years, harmful algal blooms have been 
on the rise15, and although they occur in open water, from 
the human perspective, their effects are generally observed 
in the intertidal. Altered ocean circulation, warming sea 
temperatures and changes in freshwater inputs and ocean 
chemistry resulting from climate change may be increasing 
harmful algal blooms. 

When chemical or physical water properties are changed, 
algae productivity will change either producing insufficient 
biomass to support local populations, or overproducing 
to the extent that systems become polluted15. As 
upwelling patterns are disrupted, the timing and strength 
of transport of cold, nutrient-rich oceanic waters to the 
nearshore may be altered15. This infusion of water is 
responsible for highly productive algal blooms that occur 
in the nearshore during the summer15. These naturally 
occurring blooms drive marine food webs in Oregon. As 
surface waters warm, wind-driven circulation of ocean 
waters may be insufficient to maintain normal chemical 
composition of nearshore waters15. At the same time, 
changes in freshwater input may increase nutrient input, 
further contributing to toxic algal blooms33.  

Phytoplankton and algae form the base of intertidal 
marine food webs and produce the food and energy 
required to sustain life in nearshore waters15. Some 
species produce domoic acid, a toxin that accumulates in 
intertidal shellfish and can induce amnesic shellfish 
poisoning in humans15. Other species can produce the 
toxin responsible for paralytic shellfish poisoning in 
humans34. In 2009, the widespread algal bloom on 
northern Oregon coast dissolved the oils in seabird 
feathers necessary for heat retention, resulting in a 
significant die-off of seabirds15. Increasing harmful algal 
blooms may translate to ecosystem, economic, and/or 
human health concerns15. 
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Appendix E. Watch List Species habitat associations. 

Watch List Species Rocky 
Shore 

Sandy 
Beach 

Rocky 
Subtidal 

Soft 
Bottom 
Subtidal 

Neritic Estuarine Habitat 
Unknown Comments 

Brandt’s Cormorant 
Phalacrocorax penicillatus X X X X X 

Utilizes rocky cliffs and islands 
for nesting. Forages in 
nearshore habitats. 

Cassin's Auklet  
Ptychoramphus aleuticus X X 

Nests in burrows on offshore 
islands with no mammalian 
predators. 

Common Murre 
Uria aalge X X X X X 

Central place forager while 
nesting in colonies on rocky 
headlands and offshore islands. 
Can dive deeply while foraging 

Pelagic Cormorant 
Phalacrocorax pelagicus X X X 

Utilizes rocky cliffs and islands 
for nesting. Forages in 
nearshore habitats. 

Pigeon Guillemot 
Cepphus columba X X X X Nests in burrows or crevices. 

Forages in nearshore habitats. 
Sanderling 
Calidris alba X Forages in intertidal areas 

during migration. 

Rhinocerous Auklet  
Cerohinca monocerata X X 

Nests in burrows on offshore 
islands. Forages in nearshore 
waters while nesting.  

Black-and-yellow rockfish 
Sebastes chrysomelas X X X 

Spawning not known to occur 
in OR waters. Juveniles not 
known to occur over soft 
bottom habitats in OR. 

Blue shark  
Prionace glauca X Predominately found offshore. 
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Watch List Species Rocky 
Shore 

Sandy 
Beach 

Rocky 
Subtidal  

Soft 
Bottom 
Subtidal 

Neritic Estuarine Habitat 
Unknown Comments 

Bocaccio  
Sebastes paucispinis   X X X X X  

Brown Irish lord 
Hemilepidotus spinosus X  X     Mid to low intertidal. 

Brown smoothhound 
Mustelus henlei    X  X  Found from Coos Bay to Gulf of 

CA. Schooling fish. 
Buffalo sculpin  
Enophrys bison   X X    Usually found inshore. 

Butter sole  
Isopsetta isolepis    X     

California halibut 
Paralichthys californicus    X    Usually near structures: rocks, 

holdfasts, etc. 
California skate  
Raja inornata    X  X   

Common thresher  
Alopias vulpinus     X   Likely to be highly migratory. 

Curlfin turbot (sole) 
Pleuronichthys decurrens    X    

Also called Curlfin sole; true 
turbots native to North Atlantic 
and Mediterranean. 

English sole  
Parophrys vetulus  X  X  X  

Juveniles found predominately 
nearshore. Adults found 
predominately offshore. 

Flathead sole 
Hippoglossoides elassodon    X     

Giant wrymouth 
Cryptacanthodes giganteus    X     

Gopher rockfish  
Sebastes carnatus X  X X X   

Will inhabit artificial reefs. 
Pelagic juveniles not known to 
occur in OR waters. Spawning 
and larvae not known to occur 
in OR. 
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Watch List Species Rocky 
Shore 

Sandy 
Beach 

Rocky 
Subtidal  

Soft 
Bottom 
Subtidal 

Neritic Estuarine Habitat 
Unknown Comments 

Leopard shark  
Triakis semifasciata   X X  X  Schooling fish. Predominately 

found nearshore. 

Monkeyface pricklepack 
Cebidichthys violaceus X  X     

High, mid, and low intertidal. 
Tidepools and shallow subtidal. 
Jetties and breakwaters. 
Central OR is northern extent 
of range. 

Pacific angel shark 
Squatina californica   X X    Uncommon north of CA. 

Pacific sand lance 
Ammodytes hexapterus  X  X X   Can occur in large schools. 

Buries itself in sand. 
Pacific sanddab 
Citharichthys sordidus    X  X   

Pacific sandfish 
Trichodon trichodon    X     

Pacific sardine  
Sardinops sagax     X   Schooling fish. Occurs offshore. 

Pacific staghorn sculpin 
Leptocottus armatus  X  X  X  

Most common in estuaries. 
Recently hatched fish often 
recruit into fresh water for a 
short time. 

Red Irish lord 
Hemilepidotus 
hemilepidotus 

X  X     Mid to low intertidal. Wharves 
and pilings. 

Rock sole  
Pleuronectes bilineatus    X    Prefers sandy or gravel 

bottoms. 
Salmon shark  
Lamna ditropis     X    

Sand sole  
Psettichthys melanostictus    X     
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Watch List Species Rocky 
Shore 

Sandy 
Beach 

Rocky 
Subtidal  

Soft 
Bottom 
Subtidal 

Neritic Estuarine Habitat 
Unknown Comments 

Shortfin mako (Bonito) 
shark Isurus oxyrinchus     X   Predominantly found offshore. 

Soupfin shark 
Galeorhinus galeus     X X   Schooling fish. Females found 

shallower than males. 
Southern rock sole 
Lepidopsetta bilineata   X X  X  Pebble or semi-rocky bottom. 

Also occurs offshore. 
Spotted ratfish Hydrolagus 
colliei   X X    Common in shallower waters in 

northern part of range. 
White shark  
Carcharodon carcharias     X  X  

Butter clam  
Saxidomus gigantea         

California sea cucumber 
Parastichopus californicus   X X    

Generally prefers protected 
areas. 

Cockle clam 
Clinocardium nuttallii         

Coonstripe (Dock) shrimp 
Pandalus danae   X X     

Fat gaper clam  
Tresus capax         

Flat-tipped piddock 
Penitella penita X  X     

Mid to low intertidal. 
Commonly bores into stiff clay, 
sandstone, shale, and concrete. 

Market squid  
Doryteuthis opalescens    X X   

School and spawn on muddy 
sand in shallow, protected, 
inshore areas. 

Oregon triton  
Fusitriton oregonensis   X X    Occasionally intertidal. 

Pacific sand (mole) crab 
Emerita analoga  X      Mid and low intertidal. 
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Watch List Species Rocky 
Shore 

Sandy 
Beach 

Rocky 
Subtidal  

Soft 
Bottom 
Subtidal 

Neritic Estuarine Habitat 
Unknown Comments 

Red rock crab  
Cancer productus    X  X   

California sea lion 
Zalophus californianus X X X X X X  Males seasonaly migrate to OR 

Sea otter  
Enhydra lutris   X  X   Sporadic visitors to Oregon. 
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environment. 
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Comments 

Birds 
California gull  
Larus californicus     X X   

Glaucous-winged gull  
Larus glaucescens X X   X X  Colonial nester. 

Pacific loon  
Gavia pacifica     X X  Winters near coastal waters.  

Red-necked phalarope  
Phalaropus lobatus     X   Concentrates around oceanic upwellings and edges of kelp beds.  

Red throated loon  
Gavia stellata     X X  Winters near coastal waters. 

Sooty shearwater  
Puffinus griseus     X   Concentrates around oceanic upwellings and over the continental shelf. 

Surf scoter  
Melanitta perspicillata     X X   

Western gull  
Larus occidentalis X X   X X  Colonial nester. 

Western grebe 
Aechmophorus occidentalis      X   

White-winged scoter  
Melanitta fusca    X X X  Common in shallow water over shellfish beds.  

Fishes 
Bald sculpin  
Clinocottus recalvus X  X     Tidepools. Shallow subtidal. Brookings, OR is northern extent of range 
Bat ray 
Myliobatis californica  X X X X   Low intertidal. 
Black prickleback 
Xiphister atropurpureus X  X     Under rocks, in gravel areas. Shallow subtidal 



Oregon Nearshore Strategy - Draft Final for Commission - September 2015 (last updated 8/12/15) 

 
 

Appendix F. Commonly associated species and habitats found in Oregon’s nearshore 
environment. 

  

 Habitat 

Species 

 R
oc

ky
 S

ho
re

 

Sa
nd

y 
Be

ac
h 

Ro
ck

y 
Su

bt
id

al
 

So
ft

 B
ot

to
m

  
Su

bt
id

al
 

N
er

iti
c 

Es
tu

ar
in

e 

U
nk

no
w

n 

Comments 
Bonehead sculpin 
Artedius notospilotus X  X      
Calico sculpin 
Clinocottus embryum X       Mid to low intertidal. 
Calico surfperch 
Amphistichus koelzi  X  X    Shallow subtidal. 
Coralline sculpin 
Artedius corallinus X  X     Shallow subtidal. 
Crescent gunnel 
Pholis laeta X  X     Tidepools. 
Decorated warbonnet  
Chirolophis decoratus   X     Usually among algae. 
Fluffy sculpin 
Oligocottus snyderi X  X     Tidepools. Shallow subtidal. Often in algae. 
Grunt sculpin 
Rhamphocottus richardsonii X  X X    Tidepools. 
High cockscomb 
Anoplarchus purpurescens  X  X     Usually intertidal. 
Jacksmelt 
Atherinopsis californiensis   X  X X  Yaquina Bay, OR is northern extent of range. 
Kelp poacher 
Agonomalus mozinoi   X     Shallow subtidal. 
Kelp surfperch 
Brachyistius frenatus   X      
Longfin gunnel 
Pholis clemensi   X      
Longfin sculpin 
Jordania zonope X  X      



Oregon Nearshore Strategy - Draft Final for Commission - September 2015 (last updated 8/12/15) 

 
 

Appendix F. Commonly associated species and habitats found in Oregon’s nearshore 
environment. 

  

 Habitat 

Species 

 R
oc

ky
 S

ho
re

 

Sa
nd

y 
Be

ac
h 

Ro
ck

y 
Su

bt
id

al
 

So
ft

 B
ot

to
m

  
Su

bt
id

al
 

N
er

iti
c 

Es
tu

ar
in

e 

U
nk

no
w

n 

Comments 
Lumptail searobin 
Prionotus stephanophrys    X    Deep subtidal. 
Manacled sculpin 
Synchirus gilli X  X     Tidepools. 
Mosshead sculpin 
Clinocottus globiceps X  X     Tidepools. Shallow subtidal. 
Mosshead warbonnet 
Chirolophis nugator   X      
Night smelt 
Spirinchus starksi  X   X   Spawn on beaches. 
Northern clingfish 
Gobiesox maeandricus X  X     Shallow subtidal. 
Pacific electric ray 
Torpedo californica   X X     
Pacific hooker (Hookhorn) sculpin 
Artediellus pacificus    X     
Padded sculpin 
Artedius fenestralis X  X     Shallow subtidal. 
Painted greenling 
Oxylebius pictus X  X     Shallow subtidal. 
Penpoint gunnel 
Apodichthys flavidus X       Tidepools and in algae. 
Pricklebreast poacher 
Stellerina xyosterna    X     
Puget Sound sculpin 
Ruscarius meanyi X  X      
Pygmy poacher 
Odontopyxis trispinosa    X     
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Comments 
Red brotula 
Brosmophycis marginata   X      
Red gunnel 
Pholis schultzi X  X     Shallow subtidal. Exposed surge areas. 
Ribbon prickleback 
Phytichthys chirus X  X     Shallow subtidal. 
Rock prickleback 
Xiphister mucosus X  X     Intertidal, found among algae. Shallow subtidal. 
Rockhead 
Bothragonus swanii X  X     Shallow subtidal. 
Rockweed gunnel 
Apodichthys fucorum X  X     Common among algae in tidepools and shallow subtidal. 
Rosylip sculpin 
Ascelichthys rhodorus X  X     Tidepools. 
Roughback sculpin 
Chitonotus pugetensis  X  X     
Saddleback gunnel  
Pholis ornata     X     
Saddleback sculpin 
Oligocottus rimensis X  X     Tidepools in low intertidal. 
Sailfin sculpin 
Nautichthys oculofasciatus   X X    Pilings. Soft bottoms near rubble. 
Scalyhead sculpin 
Artedius harringtoni X  X     Shallow subtidal. Pilings. 
Sharpnose sculpin 
Clinocottus acuticeps X  X X    Shallow subtidal. 
Sharpnose surfperch 
Phanerodon atripes   X      
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Comments 
Silver surfperch 
Hyperprosopon ellipticum   X X    Surf zone down to deep subtidal. 
Silverspotted sculpin 
Blepsias cirrhosus X  X     Often among algae. 
Slender cockscomb 
Anoplarchus insignis   X      
Smooth alligatorfish 
Anoplagonus inermis   X      
Smoothhead sculpin 
Artedius lateralis X  X     Shallow subtidal. 
Snake prickleback 
Lumpenus sagitta     X X   
Speckled sanddab 
Citharichthys stigmaeus    X     
Spotfin surfperch 
Hyperprosopon anale    X    Surf zone down to deep subtidal. 
Sturgeon poacher 
Podothecus accipenserinus    X    Deep subtidal. 
Tidepool sculpin 
Oligocottus maculosus X       Tidepools. 
Tubenose poacher 
Pallasina barbata X  X     Often among algae. 
Tubesnout 
Aulorhynchus flavidus   X X     
Walleye surfperch 
Hyperprosopon argenteum   X X X   Shallow subtidal. Artificial reefs and pilings. 
White surfperch 
Phanerodon furcatus   X X X X  Artificial reefs, pilings, and docks. 
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Comments 
Whitebait smelt 
Allosmerus elongatus     X X   
Y-prickleback 
Lumpenopsis hypochroma        X  

Marine Mammals 
California sea lion 
Zalophus californianus X X X X X X   

Invertebrates 
Acorn barnacle 
Sessilia spp. X       Low intertidal. 
Aggregating anemone 
Anthopleura elegantissima X     X  Mid intertidal. 
Barnacle 
Chthamalus spp. X       High and mid intertidal. Common on rocks and pier pilings. 
Black katy chiton 
Katharina tunicata X       Mid to low intertidal. Areas of strong wave action. 
Brown rock crab 
Cancer antennarius X  X X    Low intertidal. Soft bottom; gravel. 
Channeled dog winkle (Whelk) 
Nucella canaliculata X       Mid intertidal. Common on rocks and in mussel beds. 
Cockle clam 
Clinocardium nuttallii  X  X  X  Low intertidal. 
Fingered limpet 
Lottia digitalis X       High intertidal. 
Giant green anemone 
Anthopleura xanthogrammica X  X   X  Low intertidal. 
Gooseneck barnacle 
Pollicipes polymerus X       Mid intertidal. Sometimes mixed with California mussels (Mytilus californianus) 
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Comments 
Gumboot chiton 
Cryptochiton stelleri X  X     Low intertidal. 
Hermit crabs 
Pagurus spp. X  X X    High and low intertidal. Tidepools. Rock and gravel bottoms subtidally. 
Kelp crab 
Pugettia producta X  X     Low intertidal of protected outer coast. 
Keyhole limpet 
Diodora aspera X       Low intertidal. 
Newcomb's littorine snail 
Littorina subrotunda (Algamorda 

 

X       High intertidal.  
Nudibranchs 
Nudibranchia X  X     Low intertidal. 
Pacific sand dollar 
Dendraster excentricus    X  X   
Pinto (Northern) abalone  
Haliotis kamtschatkana X  X     Low intertidal. 
Porcelain crab 
Petrolisthes cinctipes X       Mid to low intertidal. 
Purple shore crab 
Hemigrapsus nudus X     X  Mid to low intertidal. 
Rock dwelling purple whelk 
Nucella emarginata  X       High to mid intertidal. Often among mussel beds and barnacles. 
Sabellid worm 
Myxicola infundibulum    X  X   
Shield limpet 
Lottia pelta X  X     Mid to low intertidal.  
Sponges 
Porifera X  X      
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Spot prawn 
Pandalus platyceros X  X     Low intertidal. 
Tube worm 
Neosabellaria cementarium X  X     Low intertidal. 
Turban snails 
Tegula spp. X  X     Low intertidal. 
Upper intertidal barnacle 
Balanus glandula X     X  High to mid intertidal. 
Wrinkled amphissa 
Amphissa columbiana X  X     Low intertidal. 
Wrinkled purple whelk 
Nucella lamellosa X       Low intertidal. 

Plants and Algae 
Agarophytes & Carrageenophytes 
Gelidium spp. X  X     Shallow subtidal. 
Agarophytes & Carrageenophytes 
Gracilaria sp. X  X   X  Low intertidal. 
Agarophytes & Carrageenophytes 
Gracilariopsis sp. X  X   X  Low intertidal. 
Agarophytes & Carrageenophytes 
Mastocarpus spp. X       High to mid intertidal. 
Agarophytes & Carrageenophytes 
Mazzaella spp. X        
Agarophytes & Carrageenophytes 
Pterocladia spp. X  X     Low intertidal, shallow subtidal. 
Agarophytes & Carrageenophytes 
Sarcodiotheca  sp. X  X     Low intertidal. Subtidal on rocks near sandy habitats. 
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Coralline red algae  
Bossiella spp. X  X     Low intertidal. 
Coralline red algae 
Calliarthron sp. X  X     Low intertidal. 
Coralline red algae  
Corallina spp. X  X     Mid to low intertidal. 
Coralline red algae 
Lithothamnium spp. X       Mid intertidal. Tidepools. 
Costaria 
Costaria sp. X  X     Low intertidal and shallow subtidal. 
Dilsea 
Dilsea californica  X  X     Low intertidal. 
Dwarf rockweed 
Pelvetiopsis limitata  X       High intertidal. 
Endocladia 
Endocladia muricata X       High intertidal. 
Feather boa kelp 
Egregia menziesii X  X     Low intertidal, shallow subtidal. 
Filamentous greens 
Enteromorpha-type X       High intertidal. 
Fucus (Rockweed) 
Fucus spp. X       Mid to low intertidal. 
Giant kelp 
Macrocystis pyrifera   X      
Hedophyllum 
Hedophyllum sessile X       Mid to low intertidal. 
Kelp 
Macrocystis integrifolia X  X     Low intertidal. 



Oregon Nearshore Strategy - Draft Final for Commission - September 2015 (last updated 8/12/15) 

 
 

Appendix F. Commonly associated species and habitats found in Oregon’s nearshore 
environment. 

  

 Habitat 

Species 

 R
oc

ky
 S

ho
re

 

Sa
nd

y 
Be

ac
h 

Ro
ck

y 
Su

bt
id

al
 

So
ft

 B
ot

to
m

  
Su

bt
id

al
 

N
er

iti
c 

Es
tu

ar
in

e 

U
nk

no
w

n 

Comments 
Kelp 
Laminaria bongardiana  X  X      
Kelp 
Laminaria ephemera X  X      
Kelp 
Laminaria setchellii X  X      
Kelp  
Laminaria sinclairii X        
Lessoniopsis 
Lessoniopsis littoralis X       Low intertidal in areas exposed to high surf action. 
Odonthalia 
Odonthalia spp. X        
Pleurophycus 
Pleurophycus sp. X  X     Low intertidal and shallow subtidal. 
Porphyra 
Porphyra spp. X  X     Intertidal and shallow subtidal. 
Prionitis 
Prionitis spp. X  X     Intertidal and shallow subtidal. 
Sea fern 
Cystoseira osmundacea X  X     Low intertidal and shallow subtidal. Tidepools and on rocks. 
Southern sea palm 
Eisenia arborea X  X     Low intertidal. 
Stalked kelp  
Pterygophora californica   X      
Ulvoids 
Ulva spp. X  X     Mid to low intertidal and shallow subtidal. 
Winged kelp 
Alaria marginata X  X     Low intertidal and shallow subtidal. 
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APPENDIX G: Non-Native Species 

Non-native and invasive species can alter and degrade habitats, increase threats to native species, and 
in some cases impact local economies or cause extensive problems for marine coastal systems of 
Oregon. Non-native species can be transported locally, regionally, or around the world and introduced 
to Oregon’s nearshore systems by way of several mechanisms such as, hitch-hiking in ballast water or in 
ocean currents. Once a species has been introduced it can affect food sources, alter habitats, expose 
native communities to diseases or toxins, or act as  parasites of juvenile and adult members of coastal 
fisheries species. For many introduced species, the severity of the potential ecological threat is not yet 
known. Many of these species could be deemed invasive in the future, but further efforts to assess 
impacts are needed. These efforts are a priority for conservation of natural systems because invasions 
become more complicated to address over time and management measures that respond to the first 
arriving individuals are most effective.   

Efforts have begun to assess available data regarding existing or potential future threats to Oregon’s 
nearshore and estuarine communities. The Oregon Department of Fish and Wildlife’s Marine Resources 
Program reviewed available online data and consulted with experts at Oregon State University, the 
Environmental Protection Agency Western Ecology Division, United States Geological Survey Western 
Fisheries Research Center, and Williams College in 2012 and updated this information in 2015. Based on 
information gleaned from these sources, a list of non-native species known to occur in the nearshore 
waters of Oregon and neighboring states was developed. For each species, habitat information was 
collected and species were identified as being primarily associated with nearshore marine and/or 
estuarine systems.   
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Bony Fishes      
American shad 
Alosa sapidissima  X  X   
Amur goby 
Rhinogobius bunneus X X  X  

Atlantic salmon 
Salmo salar X    X 

Brown trout 
Salmo trutta X    X 

Chameleon goby 
Tridentiger trigonocephalus  X   X 

Inland silverside 
Menidia beryllina  X   X 

Rainwater killifish 
Lucania parva  X  X  
Shimofuri goby 
Tridentiger bifasciatus  X   X 

Shokifaze goby 
Tridentiger barbatus  X   X 

Striped bass 
Morone saxatilis X  X   
Threadfin shad 
Dorosoma petenense X   X  
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Western mosquito fish 
Gambusia affinis  X  X  
Yellowfin goby 
Acanthogobius flavimanus  X   X 

Invertebrates      
Acorn barnacle  
Amphibalanus improvisus X X  X  
Ambiguous bryozoan 
Anguinella palmata  X   X 

American Atlantic sponge 
Prosuberites sp.  X   X 

Amethyst gem clam 
Gemma gemma  X   X 

Amphipod 
Ampelisca abdita  X   X 

Amphipod 
Ampithoe lacertosa X X  X  
Amphipod 
Ampithoe valida  X  X  
Amphipod 
Chelura terebrans X    X 

Amphipod 
Corophium alienense  X   X 

Amphipod 
Eobrolgus spinosus  X  X  
Amphipod 
Ericthonius brasiliensis  X  X  
Amphipod 
Gammarus daiberi  X   X 

Amphipod 
Grandidierella japonica X X  X  
Amphipod 
Incisocalliope derzhavini X   X  
Amphipod 
Leucothoe sp.  X   X 

Amphipod 
Melita nitida  X  X  
Amphipod 
Melita sp.  X   X 

Amphipod 
Microdeutopus gryllotalpa  X   X 

Amphipod 
Monocorophium acherusicum X X  X  
Amphipod 
Monocorophium insidiosum X X   X 

Amphipod 
Monocorophium uenoi  X   X 

Amphipod 
Paradexamine sp.  X   X 

Amphipod 
Parapleustes derzhavini  X  X  
Amphipod 
Ptilohyale littoralis  X  X  
Amphipod 
Sinocorophium heteroceratum     X 
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Amphipod 
Stenothoe valida  X   X 

Amphipod 
Transorchestia enigmatica     X 

Amur River clam 
Corbula amurensis     X 

Asian calanoid copepod 
Pseudodiaptomus inopinus  X  X  
Asian calanoid copepod 
Sinocalanus doerrii  X  X  
Asian clam 
Corbicula fluminea  X X   
Asian copepod 
Acartiella sinensis  X   X 

Asian copepod 
Limnoithona sinensis  X  X  
Asian copepod 
Tortanus dextrilobatus  X   X 

Asian cumacean 
Nippoleucon hinumensis  X  X  
Asian lanternshell 
Laternula marilina  X   X 

Asian sea-squirt 
Styela clava  X X   
Asian semele 
Theora lubrica  X   X 

Atlantic oyster 
Crassostrea virginica  X   X 

Atlantic oyster drill 
Urosalpinx cinerea  X   X 

Australasian burrowing isopod 
Sphaeroma quoianum  X X   
Australian spotted jellyfish 
Phyllorhiza punctata X    X 

Australian tubeworm 
Ficopomatus enigmaticus  X   X 

Baltic clam 
Macoma petalum  X   X 

Bamboo worm 
Sabaco elongatus  X   X 

Black Sea jellyfish 
Blackfordia virginica  X  X  
Black Sea jellyfish 
Maeotias marginata  X   X 

Blacktip shipworm 
Lyrodus pedicellatus  X   X 

Blue mussel 
Mytilus complex X    X 

Bonnet limpit 
Sabia conica X   X  
Brackish water snail 
Assiminea parasitologica  X  X  
Brown bryozoan 
Bugula neritina  X  X  
Bryozoan 
Bugula stolonifera  X   X 
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Bryozoan 
Cryptosula pallasiana X X  X  
Bryozoan 
Victorella pavida  X   X 

Bryozoan 
Watersipora arcuata  X   X 

Bryozoan 
Watersipora subtorquata  X  X  
Bryozoan 
Zoobotryon verticillatum  X   X 

Capitellid worm 
Capitella telata  X  X  
Channeled whelk 
Busycotypus canaliculatus  X   X 

Chinese mitten crab 
Eriocheir sinensis  X   X 

Ciliate 
Mirofolliculina limnoriae  X   X 

Colonial tunicate 
Didemnum vexillum  X X   
Common Atlantic slippersnail 
Crepidula fornicata  X   X 

Common sea grape 
Molgula manhattensis  X  X  
Convex slippersnail 
Crepidula convexa  X   X 

Copepod 
Amphiascus parvus  X   X 

Copepod 
Corycaeus anglicus  X  X  
Copepod 
Coullana canadensis  X  X  
Copepod 
Limnoithona tetraspina  X  X  
Copepod 
Oithona davisae  X  X  
Copepod 
Oithona similis  X  X  
Copepod 
Pseudodiaptomus forbesi  X   X 

Copepod 
Pseudodiaptomus marinus  X   X 

Copepod 
Pseudomyicola spinosus  X   X 

Copepod 
Stephos pacificus  X   X 

Copepod 
Tortanus sp.  X   X 

Creeping bryozoan 
Bowerbankia "gracilis" X X  X  
Crumb-of-bread sponge 
Halichondria bowerbanki X X  X  
Crustacean 
Deltamysis holmquistae  X   X 

Crustacean 
Eochelidium sp.  X   X 
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Crustacean 
Eusarsiella zostericola  X   X 

Crustacean 
Hyperacanthomysis longirostris  X   X 

Crustacean 
Sinelobus sp.  X  X  
Delphaeid planthopper 
Prokelsia marginata  X   X 

Eastern mudsnail 
Ilyanassa obsoleta  X   X 

Eastern white slipper shell 
Crepidula plana  X   X 

European green shore crab 
Carcinus maenas X   X  
False anglewing 
Petricolaria pholadiformis  X   X 

Flat okenia 
Okenia plana  X   X 

Flatworm 
Koinostylochus ostreophagus  X   X 

Foolish mussel 
Mytilus (trossulus x galloprovincialis) X    X 

Foram 
Trochammina hadai  X   X 

Freshwater hydroid 
Cordylophora caspia  X  X  
Golden star tunicate 
Botryllus schlosseri  X  X  
Griffen's isopod 
Orthione griffenis X X X   
Hard shell clam 
Mercenaria mercenaria  X   X 

Harris mud crab 
Rhithropanopeus harrisii  X  X  
Hydroid 
Moerisia sp.  X   X 

Hydroid  
Corymorpha sp.  X   X 

Isopod 
Dynoides dentisinus  X   X 

Isopod 
Eurylana arcuata  X   X 

Isopod 
Iais californica  X  X  
Isopod 
Paranthura sp.  X   X 

Isopod 
Pseudosphaeroma sp.  X  X  
Spharoma quoianum  X X X  
Isopod 
Synidotea laevidorsalis  X   X 

Japanese clam 
Neotrapezium liratum  X   X 

Japanese false cerith 
Batillaria attramentaria  X   X 
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Japanese littleneck clam 
Venerupis philippinarum X X  X  
Japanese mussel 
Musculista senhousia  X   X 

Japanese nassa 
Hima fratercula  X   X 

Japanese oyster drill 
Ocinebrellus inornatus  X X   
Japanese skeleton shrimp 
Caprella mutica  X  X  
Lacy crust bryozoan 
Conopeum tenuissimum  X  X  
Lagoon sea slug 
Tenellia adspersa  X  X  
Lake Merritt cuthona 
Cuthona perca  X   X 

Manchurian cecina 
Cecina manchurica  X   X 

Marsh snail 
Myosotella myosotis  X  X  
Mediterranean blue mussel 
Mytilus galloprovincialis X    X 

Misaki balloon aeolis 
Eubranchus misakiensis  X   X 

Moon jelly 
Aurelia sp. X X   X 

Mysid 
Orientomysis aspera  X   X 

Naval shipworm 
Teredo navalis  X  X  
New Zealand amphipod 
Paracorophium sp.  X   X 

New Zealand mudsnail 
Potamopyrgus antipodarum  X X   
New Zealand sea slug 
Philine auriformis X X  X  
Nodding head 
Barentsia benedeni  X  X  
Orange anemone 
Diadumene cincta  X   X 

Orange-striped green anemone 
Diadumene lineata  X  X  
Oriental shrimp 
Palaemon macrodactylus  X  X  
Oyster redworm 
Mytilicola orientalis  X  X  
Pacific oyster 
Crassostrea gigas  X  X  
Pacific transparent sea squirt 
Ciona savignyi  X  X  
Pile worm 
Neanthes succinea  X  X  
Pink mouth hydroid 
Ectopleura crocea  X  X  
Polychaete worm 
Boccardia claparedei  X  X  
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Polychaete worm 
Boccardiella hamata X   X  
Polychaete worm 
Boccardiella ligerica  X   X 

Polychaete worm 
Dipolydora quadrilobata  X  X  
Polychaete worm 
Eumida sanguinea  X   X 

Polychaete worm 
Eusyllis japonica  X   X 

Polychaete worm 
Heteromastus filiformis X   X  
Polychaete worm 
Hobsonia florida  X  X  
Polychaete worm 
Manayunkia aestuarina  X  X  
Polychaete worm 
Polydora cornuta  X  X  
Polychaete worm 
Polydora limicola  X  X  
Polychaete worm 
Polydora neocaeca  X  X  
Polychaete worm 
Proceraea okadai  X  X  
Polychaete worm 
Pseudopolydora bassarginensis  X  X  
Polychaete worm 
Pseudopolydora kempi  X  X  
Polychaete worm 
Pseudopolydora paucibranchiata  X  X  
Polychaete worm 
Rhynchospio foliosa  X  X  
Polychaete worm 
Streblospio benedicti  X  X  
Polychaete worm 
Syllis cornuta  X  X  
Polyp aeolis 
Cumanotus sp.  X  X  
Purple acorn barnacle 
Amphibalanus amphtrite  X   X 

Purple varnish clam 
Nuttallia obscurata X X X   
Red beard sponge 
Clathria prolifera  X   X 

Red-gilled Marphysa 
Marphysa sanguinea  X   X 

Red-gilled mud worm 
Marenzelleria viridis  X   X 

Ribbed mussel 
Geukensia demissa  X   X 

Root-arm medusa 
Cladonema radiatum  X   X 

Rope grass hydroid 
Garveia franciscana  X  X  
Rough periwinkle 
Littorina saxatilis  X   X 
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San Francisco anemone 
Diadumene franciscana  X   X 

Sea grape 
Molgula citrina  X  X  
Sea squirt 
Diplosoma listerianum  X  X  
Sessile hydrozoan 
Gonothyraea loveni  X  X  
Single horn bryozoan 
Schizoporella japonica  X  X  
Skeleton shrimp 
Caprella drepanochir  X  X  
Starlet sea anemone 
Nematostella vectensis  X  X  
Steamer clam 
Mya arenaria  X  X  
Transparent sea squirt 
Ciona intestinalis  X   X 

Tube amphipod 
Jassa marmorata X   X  
Tubificid worm 
Limnodriloides monothecus  X   X 

Tubificid worm 
Tubificoides brownae  X  X  
Tubificid worm 
Tubificoides diazi  X  X  
Tubificid worm 
Tubificoides wasselli X    X 

Tunicate 
Ascidia zara  X   X 

Tunicate 
Botrylloides perspicuum  X   X 

Tunicate 
Botryllus schlosseri  X  X  

Tunicate 
Ciona savignyi X    X 

Tunicate 
Didemnum vexillum  X X   

Tunicate 
Diplosoma listerianum X X  X  

Tunicate 
Perophora japonica  X   X 

Tunicate 
Styela clava  X  X  

Two-groove odostome 
Odetta bisuturalis  X   X 

Violet tunicate 
Botrylloides violaceus  X  X  
White anemone 
Diadumene leucolena  X  X  
White-tentacled japanese aeolis 
Sakuraeolis enosimensis  X   X 

Wood boring gribble 
Limnoria quadripunctata X X   X 

Wood boring gribble 
Limnoria tripunctata X X  X  
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Plants and Algae 
American sea rocket 
Cakile edentula X X 

Awosa 
Ulva pertusa X X 

Brass buttons 
Cotula coronopifolia X X 

Caulerpa seaweed 
Caulerpa taxifolia X X 

Coast barbgrass 
Parapholis incurva X X 

Common cordgrass 
Spartina anglica X X 

Dead man’s fingers 
Codium fragile subsp. fragile X X 

Dense-flowered cordgrass 
Spartina densiflora X X 

English cordgrass 
Spartina anglica X X 

Eurasian water-milfoil 
Myriophyllum spicatum X X 

European sand spurry 
Spergularia salina X X 

European sea rocket 
Cakile maritime X X 

Japanese eelgrass 
Zostera japonica X X 

Japanese kelp 
Undaria pinnatifida X X 

Japanese seaweed 
Sargassum muticum X X 

Marsh fleabane 
Pluchea odorata odorata X X 

Red algae 
Caulacanthus ustulatus X X 

Red algae 
Ceramium kondoi X X 

Red algae 
Lomentaria hakodatensis X X 

Red algae 
Polysiphonia brodiei X X 

Redtop 
Agrostis stolonifera X X 

Salt meadow cordgrass 
Spartina patens X X 

Saltmarsh rush 
Juncus gerardi X X 

Sargassum 
Sargassum muticum X X 

Smooth cordgrass 
Spartina alterniflora X X 

Spiny naiad 
Najas marina X X 

Surf diatom 
Attheya armatum X X 
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a   Nearshore = species is primarily associated with the nearshore marine habitat, 
between the high tide line and the 30-fathom depth contour. 
b   Estuarine = species is primarily associated with estuarine habitat. 
c   1: OR Invasive = non-native species is present in Oregon and is considered invasive 
for posing a threat to native species. 
d   2: OR Non-native = non-native species is present in Oregon and the threat to native 
species is unknown 
e   3: WA or CA Invasive = species is present in states adjacent to Oregon and is 
considered invasive. 
Species listed here are associated with nearshore and estuarine west coast habitats, 
as determined by analysis of data and expert review provided by James T. Carlton, 
Williams College; John Chapman, Oregon State University; Debbie Reusser, U.S. 
Geological Survey – Western Fisheries Research Center; Henry Lee, U.S. Environmental 
Protection Agency – Western Ecology Division; and Gayle Hansen, Oregon State 
University.
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