
 

 

 

Puget Sound Kelp Conservation and 
Recovery Plan 

January 2020 
 

Prepared by the Northwest Straits Commission, NOAA National Marine Fisheries Service, Puget 
Sound Restoration Fund, Washington Department of Natural Resources, and Marine Agronomics. 

 

V Northwest 
"1..,._ Straits 
~ ..., INITIATIYI 

partners in marine tonaervorion PUGET SOUND 
RESTORATION FUND 

..... , .. , .. 
~ 
! 
\~ 0,,.,.1\, ....... 

WASHINGTON STATE DEPT O F 

nATURAL 
RESOURCES 

~ MARINE 

~(I A:RONOMICS 



Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020   i 
 

Kelp Plan Authors and Contributors 

Lead Authors 
Max Calloway, Puget Sound Restoration Fund 
Dana Oster, Northwest Straits Commission 
Tom Mumford, Marine Agronomics LLC 
Helen Berry, Washington State Department of Natural Resources 

 

Kelp Core Team Contributors 
Dan Tonnes, National Oceanographic and Atmospheric Administration National Marine Fisheries Service 
Nicole Naar, National Oceanographic and Atmospheric Administration National Marine Fisheries Service  
Steve Copps, National Oceanographic and Atmospheric Administration National Marine Fisheries 
Service 
James Selleck, National Oceanographic and Atmospheric Administration National Marine Fisheries 
Service 
Betsy Peabody, Puget Sound Restoration Fund 
Jodie Toft, Puget Sound Restoration Fund 
Brian Allen, Puget Sound Restoration Fund 
Lucas Hart, Northwest Straits Commission 
 

Acknowledgements 
A diverse group of local and regional experts contributed valuable perspectives to this Puget Sound 
Kelp Conservation and Recovery Plan. We would also like to thank the many participants who 
took part in the kelp workshops in 2018 and 2019. The discussions in those workshops formed the 
framework for this plan. We deeply appreciate comments from a panel of peer reviewers, whose 
comments substantially contributed to the scope and breadth of this document. NOAA National 
Marine Fisheries Service (NMFS) recognized the need for this document and provided invaluable 
funding to support this effort, without which, this work would not have been possible. Many thanks 
to the Samish Indian Nation Elders and Tribal staff for contributing their knowledge and stories to 
Appendix B. We hope this plan provides our community with a framework for continued focus 
and momentum toward kelp conservation and recovery. 

 

Cover Photo: Bull kelp forest. Image courtesy of Eiko Jones Photography. 

 



Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020   ii 
 

 

TABLE OF CONTENTS 
 Executive Summary ................................................................................................................ 1 

 Introduction ............................................................................................................................. 6 

2.1 Purpose of the Conservation and Recovery Plan .................................................................. 6 

2.2 Plan Development and Coordination .................................................................................... 7 

Kelp Core Team ...................................................................................................................... 8 

Puget Sound Conservation and Recovery Plan Area .............................................................. 9 

2.3 Precautionary Principle and Adaptive Management ........................................................... 11 

 Puget Sound Kelp Overview .............................................................................................. 12 

3.1 Kelp Biology ....................................................................................................................... 12 

Kelp Life History .................................................................................................................. 12 

Kelp Forest Structure ............................................................................................................ 13 

3.2 Kelp Ecosystem Goods and Services .................................................................................. 15 

Kelp as Critical Habitat ......................................................................................................... 15 

The Cultural Importance of Kelp for Pacific Northwest Tribes ........................................... 16 

3.3 Kelp Distributions, Trends, and Regional Changes ............................................................ 16 

Kelp Distributions and Trends in Puget Sound..................................................................... 17 

3.4 Stressors .............................................................................................................................. 18 

Nutrient Loading ................................................................................................................... 18 

Climate Change ..................................................................................................................... 18 

Fine Sediment Loading ......................................................................................................... 19 

Fisheries Impacts .................................................................................................................. 19 

Harvest .................................................................................................................................. 19 

Shoreline Development and Activities ................................................................................. 20 

Invasive Species: Sargassum muticum and Undaria pinnatifida ......................................... 20 

 Puget Sound Kelp Management Framework ..................................................................... 21 

4.1 Kelp Management Responsibilities .................................................................................... 23 

Washington State Tribes ....................................................................................................... 23 

Washington Department of Natural Resources ..................................................................... 23 

T. 

IT. 

TIT. 

TV. 



Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020   iii 
 

Shoreline Management Act: Department of Ecology and Local Shoreline Master Programs
............................................................................................................................................... 24 

Clean Water Act: Washington Department of Ecology ........................................................ 24 

Hydraulic Project Approval: Washington Department of Fish and Wildlife ....................... 24 

Recreational Harvest and Scientific Collection Permits ....................................................... 25 

Army Corps of Engineers: Clean Water Act, Rivers and Harbors Act Section 10, and 
Endangered Species Act ....................................................................................................... 25 

National Marine Fisheries Service and United States Fish and Wildlife Service: Endangered 
Species Act............................................................................................................................ 25 

National Marine Fisheries Service: Essential Fish Habitat ................................................... 26 

Kelp Aquaculture Regulations .............................................................................................. 26 

 Kelp Conservation and Recovery Actions ............................................................................ 28 

1. Reduce Stressors ................................................................................................................ 28 

Human Impacts on Water Quality and Kelp Habitats .......................................................... 29 

Biological Stressors .............................................................................................................. 30 

Climate Change ..................................................................................................................... 30 

2. Improve Understanding of the Value of Kelp to Puget Sound Ecosystems and Integrate into 
Management .............................................................................................................................. 31 

3. Describe Kelp Distribution and Trends ............................................................................. 31 

4. Designate Kelp Protected Areas ........................................................................................ 32 

5. Restore Kelp Forests .......................................................................................................... 33 

6. Promote Awareness, Engagement, and Action from User Groups, the Public, and Decision-
Makers....................................................................................................................................... 34 

 Conclusions ........................................................................................................................ 36 

 References .......................................................................................................................... 37 

 

Appendix A - Kelp Knowledge Review  

Appendix B - The Cultural Importance of Kelp for Pacific Northwest Tribes  

Appendix C - Prioritized Data Gaps and Workshop Notes 

 

 

  

V. 

VI. 

VII. 

http://bit.ly/KelpAppA
http://bit.ly/KelpAppB


Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020   iv 
 

Table of Figures 
Figure 1. Map of Puget Sound Kelp Conservation and Recovery Plan Area. Indicated by cross 
hatched area. ................................................................................................................................. 10 

Figure 2. Diagram of kelp life stages. Illustration by Lisa (Scharf) Spitler. In: Mondragon J, and 
J. Mondragon. 2003. Seaweeds of the Pacific Coast: Common Marine Algae from Alaska to Baja 
California.  Sea Challengers, Monterey California, 97 pages....................................................... 13 

Figure 3. Kelp growth forms showing prostrate, stipitate and floating kelp species. Illustration by 
Tom Mumford, 2019. .................................................................................................................... 14 

Figure 4. Diagram of management framework for kelp in Washington. ...................................... 22 

 

 

  

Bull kelp forest at Ebey’s Landing. Photo by Rich Yukubousky. 



Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020   v 
 

List of Acronyms 
CWA   Clean Water Act 
DNR    Washington State Department of Natural Resources  
DOE    Washington State Department of Ecology  
EPA    United States Environmental Protection Agency  
EFH   Essential Fish Habitat 
ESA   Endangered Species Act 
GMA   Growth Management Act 
HPA    Hydraulic Project Approval  
MRC   Marine Resources Committee 
NGO   Non-Governmental Organization 
NMFS  National Marine Fisheries Service 
NOAA  National Oceanographic and Atmospheric Administration 
NPDES National Pollutant Discharge Elimination System 
NWSC  Northwest Straits Commission 
PSP    Puget Sound Partnership  
PSRF   Puget Sound Restoration Fund 
RCW   Revised Code of Washington  
SMA   Shoreline Management Act  
SMP    Shoreline Master Program  
SRKW  Southern Resident killer whales 
TMDL  Total Maximum Daily Load 
USACE  United States Army Corps of Engineers  
USFWS United States Fish and Wildlife Service 
USGS  United States Geological Survey 
WAC   Washington Administrative Code  
WDFW Washington State Department of Fish and Wildlife 
WWTP Wastewater Treatment Plant 
YOY   Young of Year 
 



Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020  1 

 Executive Summary 1 

Kelp—some of the largest of all seaweeds—form extensive living structures that provide an array 2 
of valuable ecosystem goods and services to deep water and nearshore environments in Puget 3 
Sound. These underwater forests act as foundations for diverse and productive nearshore 4 
ecosystems, supporting food webs and providing critical habitat for a wide array of marine life.  5 

Puget Sound is losing its kelp forests, according to both anecdotal observations and research. 6 
Extensive losses of bull kelp have been documented in South and Central Puget Sound, and 7 
localized declines have been observed throughout Puget Sound. Concerns also exist about potential 8 
losses to other kelp species, yet trends are unknown due to data gaps. Though kelp distribution and 9 
drivers of declines in Puget Sound are not well understood, data from kelp ecosystems in other 10 
temperate coastal regions indicate that widespread loss of kelp habitats would be devastating to 11 
the Puget Sound ecosystem. There is a consensus in the scientific community that coordinated 12 
action is needed to reverse downward trends in kelp populations by addressing both longstanding 13 
and emerging stressors. Cumulative impacts from human stressors threaten kelp, including water 14 
quality degradation (including but not limited to: pollution, nutrient loading, increased turbidity, 15 
sediment deposition), invasive species, and alterations to food-web dynamics from fishing 16 
pressure. Additionally, climate change and warming ocean waters pose new and intensifying 17 
threats to kelp resilience that often exacerbate the negative effects of other stressors. 18 

This Puget Sound Kelp Conservation and Recovery Plan (Kelp Plan or Plan) provides a framework 19 
for coordinated research and management actions to protect these fundamental and iconic kelp 20 
species from a suite of global and local stressors. Successfully achieving kelp conservation and 21 
recovery will require a collaborative effort between our community of Tribes, managing entities, 22 
and stakeholders in Puget Sound. Additional collaboration with Canadian federal, provincial, and 23 
First Nation entities will support conservation and recovery efforts in the Puget Sound/Georgia 24 
Basin region.  25 

Actions identified in this Kelp Plan address six strategic goals: 26 

1. Reduce stressors; 27 

2. Improve understanding of the value of kelp to Puget Sound ecosystems and integrate into 28 
management; 29 

3. Describe kelp distribution and trends; 30 

4. Designate kelp protected areas; 31 

5. Restore kelp forests; and 32 

6. Promote awareness, engagement, and action from user groups, Tribes, the public, and 33 
decision-makers. 34 

I. 
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We propose the following research, communication, and conservation actions to achieve these 35 
strategic goals. 36 

1. Reduce stressors. Stressors on kelp from water quality degradation, 37 
urbanization/development, invasive species, and warming ocean temperatures are 38 
cumulatively affecting kelp and likely driving regional declines in bull kelp populations. These 39 
stressors are likely to increase in magnitude with continuing population growth and climate 40 
change.  41 

To reduce human impacts on water quality and kelp habitats: 42 

 Inform future management actions through continued research into the impacts of 43 
current and historic human activities on kelp forests (e.g., nutrient and sediment 44 
loading thresholds and impacts, turbidity effects on kelp recruitment, substrate 45 
availability). 46 

 Identify priority stressors negatively affecting Puget Sound kelp on a sub-regional 47 
scale in order to target management actions. 48 

 Fully implement and enforce available protections for kelp through existing 49 
regulations, programs, and policies. (e.g., Department of Ecology Shoreline 50 
Management Act Guidance, Local Shoreline Master Programs, Washington 51 
Department of Fish and Wildlife Hydraulic Project Approvals, Department of 52 
Natural Resources Aquatic Use Authorization, mitigation programs, National 53 
Marine Fisheries Service Endangered Species Act and Essential Fish Habitat 54 
consultations). 55 

 Increase protection for kelp populations by addressing key gaps in existing 56 
regulations and implementation programs.  57 

 Form interagency workgroups to increase collaboration and information sharing 58 
across management organizations, to improve implementation, and to address 59 
policy gaps.  60 

 Reduce anthropogenic nutrient and sediment loading (e.g., stormwater and 61 
wastewater treatment plant permitting, and total maximum daily load planning). 62 
Support sustainable kelp harvest by informing recreational harvesters about 63 
regulations and sustainable kelp harvest methods. 64 

To reduce impacts from biological stressors: 65 

 Strive to incorporate kelp and other trophic considerations into fisheries 66 
management planning. 67 

 Explore invasive macroalgae (Sargassum muticum and Undaria pinnatifida) 68 
control alternatives, ecological roles, and long-term management considerations 69 
with respect to climate change.  70 

 71 
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To reduce impacts from climate change: 72 

 Investigate climate change impacts to better inform management decisions, such as 73 
prioritizing locations for kelp protected areas, restoration sites, and mitigation 74 
activities.  75 

 Investigate climate-related benefits of kelp, and develop management opportunities 76 
for these benefits.  77 

 Investigate temperature-tolerant strains of native kelp species for potential use in 78 
restoration and mitigation outplanting in regions where local stressors are reduced.  79 

2. Improve understanding of the value of kelp to Puget Sound ecosystems and integrate into 80 
management. Kelp provides critical habitat as well as food and foraging opportunities for 81 
associated nearshore species in Puget Sound. Quantifying services provided by kelp will 82 
support management actions, especially for pinto abalone, and threatened and endangered 83 
species of rockfish salmon, and Southern Resident killer whales. 84 

To improve understanding of kelp value: 85 

 Quantify functional roles of kelp habitats for associated species and provide 86 
guidance to managers on regulatory implementation, such as endangered species 87 
habitat conservation. 88 

 Calculate the value of kelp ecosystem services for use in developing mitigation 89 
guidance. 90 

3. Describe kelp distribution and trends. Successful implementation of existing regulations 91 
relies on accurate information regarding the distribution and trends. Consistent and coordinated 92 
multi-year monitoring is essential for establishing accurate inventories and understanding 93 
natural variation.   94 

To gain accurate information on kelp distribution and trends: 95 

 Update and expand information on the current extent of canopy-forming and 96 
understory kelp. 97 

 Make distribution and trends data available to agencies and the public for use in 98 
spatial planning, project planning, and regulatory implementation.  99 

 Coordinate strategic monitoring of canopy-forming and understory kelp throughout 100 
Puget Sound through expanding efforts and building collaborations between 101 
organizations.  102 

 Expand understanding of historical distributions and trends by compiling historical 103 
information sources and exploring traditional ecological knowledge. 104 

 Identify the genetic structure of kelp populations, including connectivity, dispersal, 105 
and population dynamics.  106 
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 Form research and monitoring workgroup to increase collaboration and information 107 
sharing across organizations. 108 

4. Designate kelp protected areas. Puget Sound kelp recovery begins with the conservation and 109 
protection of kelp forests.  110 

To protect kelp habitat: 111 

 Protect special kelp habitat in existing and new reserves, refuges, and protected 112 
areas.  113 

 Assess the extent of recreational kelp harvest and its potential impacts. Develop 114 
spatial management plans and strategies for kelp harvest activities. 115 

5. Restore kelp forests. Restoring historic kelp forests requires indirect habitat improvement 116 
through stressor reduction and direct kelp population enhancement in areas where natural 117 
recruitment is limited. In addition to reducing stressors responsible for declines, developing 118 
best practices will be critical for successful kelp restoration and mitigation projects.  119 

To restore kelp forests: 120 

 Develop spatial plan identifying regions and sites for priority restoration actions 121 
and mitigation. 122 

 Continue development of kelp restoration techniques for use in enhancement and 123 
mitigation projects. 124 

 Fund and implement restoration activities at priority sites. 125 

6. Promote awareness, engagement, and action from user groups, Tribes, the public, and 126 
decision-makers. The success of this Plan and the conservation and recovery of kelp in Puget 127 
Sound depends on increased awareness, engagement, and support of actions to sustain kelp.  128 

To promote awareness, engagement, and support: 129 

 Share information on (1) the value and role of kelp ecosystems as critical nearshore 130 
habitat and food web support (for forage fish, rockfish, salmon, and killer whales) 131 
in Puget Sound; and (2) the growing concern regarding significant losses to bull 132 
kelp canopies.  133 

 Build research capacity through coordinated knowledge sharing of ongoing kelp 134 
recovery projects and research gaps.  135 

At the heart of these strategic goals is the need for continued interagency coordination; 136 
communication between researchers and managers; and funding to support research, monitoring, 137 
education, outreach, implementation, and enforcement. The actions outlined in this Kelp Plan 138 
require a unified collaborative effort from federal and state management agencies, Washington 139 
State Tribes, Non-governmental organizations (NGOs), and local stakeholders. Raising awareness 140 
of the need to support kelp conservation and recovery will help further strengthen budding 141 
collaborative partnerships. This Kelp Plan is intended as a call to action, advocating that kelp be 142 
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included as a necessary element of ecosystem-wide recovery planning, including prioritization of 143 
funding to support the actions outlined in this Plan. 144 

 145 

146 

Black rockfish swimming in bull kelp forest near 
Keystone Jetty.  
Photo by Adam Obaza- Paua Marine Research.  
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 Introduction 147 

Kelp—groups of brown algae that include some of the largest of all seaweeds—provide valuable 148 
ecosystem goods and services to deep water and nearshore environments. Underwater kelp forests 149 
act as foundations for diverse and productive nearshore ecosystems, supporting food webs and 150 
providing critical habitat for a wide array of marine life (von Biela et al. 2016; Christie et al. 2009; 151 
Steneck et al. 2002).  152 

Washington State is home to a diverse community of canopy and understory kelp, with 22 kelp 153 
species found along the outer coast and within Puget Sound (Appendix A provides a full list of 154 
these species). Puget Sound contains 17 species of kelp, which form extensive biogenic (living) 155 
structures that serve as critical habitat for many taxa, including several fish species listed as species 156 
of concern by Washington State and endangered or threatened under the federal Endangered 157 
Species Act (ESA). This Plan employs the term “kelp” to refer to multiple species in Order 158 
Laminariales, and common names to refer to individual species, such as bull kelp.  159 

Most available information on kelp in Puget Sound pertains to bull kelp (Nereocystis luetkeana). 160 
Despite a lack of systematic surveys, available data from multiple sources document long-term 161 
declines in the canopy cover of bull kelp within several areas of Puget Sound. While bull kelp 162 
forests are not declining everywhere, many historic Puget Sound bull kelp forests—especially in 163 
Central and South Puget Sound—have been entirely lost or reduced to vestiges of historic 164 
abundances. The consequences of these declines are not limited to the direct effects on kelp 165 
populations, but also influence, both directly and indirectly, the many species and ecosystem 166 
services that depend on the presence of kelp forests. Though the distribution and drivers of declines 167 
in Puget Sound are not well understood, data from kelp ecosystems in other temperate coastal 168 
regions indicate that large-scale loss of kelp habitats would be devastating to the Puget Sound 169 
ecosystem (Steneck et al. 2002; Graham 2004; Rogers-Bennett and Catton 2019). 170 

2.1 Purpose of the Conservation and Recovery Plan 171 

The Puget Sound Kelp Conservation and Recovery Plan (herein referred to as “the Kelp Plan” or 172 
“Plan”) provides a framework for research, conservation, and recovery actions aimed at protecting 173 
and restoring Puget Sound kelp and the goods and services provided by them. 174 

The Kelp Plan aims to address the following strategic goals: 175 

1. Reduce stressors; 176 

2. Improve understanding of the value of kelp to Puget Sound ecosystems and integrate into 177 
management; 178 

3. Describe kelp distribution and trends; 179 

4. Designate kelp protected areas; 180 

II. 
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5. Restore kelp forests; and  181 

6. Promote awareness, engagement, and action from user groups, Tribes, the public, and 182 
decision-makers. 183 

The Kelp Plan recommends research, communication, and conservation actions associated with 184 
these strategic goals. The overarching intent is to strengthen the implementation of existing 185 
regulatory and management policies and to develop additional tools to conserve and restore Puget 186 
Sound kelp habitats. Successfully achieving kelp conservation and recovery will require 187 
collaboration between the community of scientists, Tribes, managing entities, and stakeholders in 188 
Puget Sound.  189 

Recommended management actions, particularly those focused on reducing stressors, support 190 
recovery plans for other species and issues of concern, including eelgrass (Goldmark et al. 2015), 191 
rockfish (NMFS 2017), and ocean acidification (Washington State Blue Ribbon Panel on Ocean 192 
Acidification 2012; Washington Marine Resources Advisory Council 2017). Actions identified in 193 
these plans and other actions that protect and improve Puget Sound ecosystem health benefit kelp, 194 
but kelp is often left out of local discussions pertaining to critical species that warrant protection 195 
and recovery measures. This Kelp Plan is intended as a call to action. It advocates for recognizing 196 
that kelp is an integral element of ecosystem-wide recovery planning, including the prioritization 197 
of funding to support the actions outlined in this Kelp Plan.  198 

 199 

2.2 Plan Development and Coordination 200 

Efforts to develop a conservation and recovery plan for Puget Sound kelp began in 2017 after the 201 
need to conserve kelp habitats in Puget Sound arose as a priority during the development of the 202 
Rockfish Recovery Plan for Puget Sound and the Georgia Basin (NMFS 2017). Participants in the 203 
rockfish recovery planning process stressed the importance of kelp habitats that support the highest 204 
densities of most juvenile rockfish species as part of rockfish recovery. Consequently, the rockfish 205 
recovery plan outlines the need for synthesizing available research on kelp, improving 206 
understanding of kelp distribution, and developing conservation and restoration approaches for 207 
kelp habitats (NMFS 2017 Appendix V). Following the completion of the rockfish recovery plan, 208 
NOAA’s National Marine Fisheries Service (NMFS) allocated funds for the development of the 209 
Kelp Plan.  210 

Development of the Kelp Plan began in September 2017 and proceeded during a two-year process 211 
led by the Northwest Straits Commission (NWSC) with invaluable guidance and support from the 212 
Puget Sound Restoration Fund (PSRF), Marine Agronomics LLC, Washington Department of 213 

This Kelp Plan is a call to action!  Kelp is a critical element of ecosystem-wide recovery. 
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Natural Resources (DNR), and NMFS. Activities included forming the Kelp Core Team to oversee 214 
plan development; synthesizing literature and current research on kelp in Puget Sound; holding 215 
workshops with researchers, agencies, tribes, and stakeholders; and facilitating peer review and 216 
public comment.  217 

Kelp Core Team 218 

The Kelp Core Team provided technical expertise during Kelp Plan development and workshop 219 
planning and reviewed deliverables. The Kelp Core Team includes the following organizations: 220 

Puget Sound Restoration Fund, 221 

Washington Department of Natural Resource, 222 

Marine Agronomics LLC, 223 

NMFS, 224 

Northwest Straits Commission, and 225 

Northwest Straits Foundation. 226 

Knowledge Review and Data Gaps 227 

Efforts in Year 1 of Plan development focused on synthesizing and communicating available data 228 
and current research on kelp in Puget Sound through a literature review and two workshops. In 229 
Year 2, technical experts were surveyed on needs for kelp recovery and the results were used to 230 
create a prioritized list of the knowledge gaps. This list was then used to guide decisions for kelp 231 
conservation and recovery strategies. The survey results are provided in Appendix C. 232 

Workshops  233 

Four workshops were held during the Kelp Plan development process. These workshops brought 234 
together technical experts to share current research, review data gaps, prioritize actions to address 235 
data gaps, and discuss management opportunities and needs. Workshop participants and notes are 236 
available for review in Appendix C.  237 

Workshops in 2018 focused on discussing kelp status and trends, stressors, and ecosystem 238 
linkages, and then identifying data gaps and associated research and monitoring. Workshops held 239 
in 2019 focused on outlining actions to address high-priority knowledge gaps and identifying 240 
management and policy tools, gaps, and opportunities. Results from votes tallied at workshops 241 
revealed consensus among workshop participants on research and monitoring needs that support 242 
specific management actions.  243 
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Puget Sound Conservation and Recovery Plan Area 244 

Recommended conservation and recovery actions in the Kelp Plan are specific to Puget Sound,1 245 
defined here as the southern arm of an inland sea located on the Pacific Coast of North America 246 
and connected to the Pacific Ocean by the Strait of Juan de Fuca. Puget Sound can be subdivided 247 
into basins including South, South Central, and North Central Puget Sound, Whidbey, Hood Canal, 248 
the San Juan Islands and Georgia Strait, and the Strait of Juan de Fuca. The western boundary for 249 
the Kelp Plan is the Victoria Sill, a significant oceanographic feature in the Strait of Juan de Fuca. 250 
Figure 1 shows the Puget Sound Kelp conservation and recovery plan area. Patterns of circulation 251 
created by the Victoria Sill create discontinuities in temperature, salinity (Masson and Cummins 252 
2000), nitrogen (Mackas and Harrison 1997), primary production (Foreman et al. 2008), and water 253 
column organic carbon (Johannessen et al. 2008)—all of which combine to create habitat 254 
conditions within the basins of the Puget Sound that are distinct from the exposed coast. 255 

 256 

 257 

                                                 

1 The Washington State Legislature defines Puget Sound as Water Resource Inventory Areas (WRIA) 1-19.  

Bull kelp forest. Image courtesy of Florian Graner. 
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 258 

Figure 1. Map of Puget Sound Kelp Conservation and Recovery Plan Area. The Plan area is indicated by the cross-hatched area. 259 
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2.3 Precautionary Principle and Adaptive Management 260 

The precautionary principle stresses the implementation of conservation measures for critical 261 
habitats even in the absence of scientific certainty (Brisman 2011; Harremoes et al. 2002). 262 
Available data document significant losses of bull kelp in several basins. The fact that other kelp 263 
species share similar environmental requirements with bull kelp raises concerns about losses to 264 
understory species as well (Dayton 1985). Additionally, research in British Columbia documented 265 
declines in multiple species of kelp, in addition to floating kelp (Starko et al, 2019). In light of this 266 
evidence, and given the importance of these habitats to threatened and endangered species, a 267 
precautionary approach that includes monitoring, conservation, and restoration actions 268 
(particularly for bull kelp) is warranted.  269 

Kelp conservation and recovery planning will need to be reviewed and updated as research and 270 
actions improve our understanding of kelp distribution, key stressors, and priority management 271 
actions. Scientific uncertainties in Puget Sound kelp distribution and trends, and the impact of 272 
global and local stressors warrant adaptive management (Goetz et al., n.d.). Both the precautionary 273 
principle and adaptive management approaches are meant to be iterative processes, dynamically 274 
responding to the best-available-science as research improves our understanding of Puget Sound 275 
kelp ecosystems. 276 

There is a rising concern across the research and management communities that without 277 
coordinated research and conservation actions, kelp abundance could decline beyond a critical 278 
threshold, below which natural recovery is not possible. Adaptive management approaches, 279 
including restoration activities, could lead to improved habitat function for kelp ecosystems.  280 

 281 

 282 

The Precautionary Principle stresses the implementation of conservation measures for 
critical habitats even in the absence of scientific certainty. 



Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020  12 

 Puget Sound Kelp Overview 283 

3.1 Kelp Biology 284 

 285 

The term “kelp” broadly refers to large (10 cm to 30 m) brown macroalgae (Phylum Phaeophyta, 286 
Class Phaeophyceae) in the order Laminariales. Puget Sound, as defined by this Plan in Section 287 
2.2, is home to 17 species of kelp (Appendix A).  Giant kelp (Macrocycsit pyrifera) is excluded 288 
from the Kelp Plan because its range is restricted to the western Strait of Juan de Fuca, which is 289 
outside the Plan area.  290 

In the macroscopic phase, kelp can be annual or perennial, depending on the species (Schiel and 291 
Foster 2006). Kelp species in Puget Sound are adapted to cold temperate waters and grow 292 
optimally at five to 15 °C (Bartsch et al. 2008; Maxell and Miller 1996; Tera Corp. 1982). Many 293 
common kelp species, such as bull kelp and sugar kelp, die back in the late fall and winter before 294 
appearing again as early as February (Allen 2018; Druehl and Hsiao 1977).   295 

Kelp Life History 296 

All kelp species have two distinct life phases, each with different environmental requirements and 297 
stress thresholds (Geange et al. 2014). In its macroscopic form kelp sporophytes produce 298 
reproductive patches (sori) along their blades that release microscopic zoospores that germinate 299 
into male and female microscopic gametophytes (Hurd et al. 2014; Schiel and Foster 2006). Male 300 
and female gametophytes produce spermatia and eggs, respectively, and eggs fertilized by 301 
spermatia produce microscopic sporophytes that typically grow to adult size within one season. 302 
Figure 2 illustrates the kelp life stages. In Puget Sound, where kelp forests are largely annual in 303 
nature, microscopic life stages overwinter until the spring (Carney and Edwards 2006). However, 304 
the ecology of the microscopic life stage(s) that overwinters is not well understood at this time.  305 

Puget Sound is home to 17 species of kelp. 

III. 
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 306 

Figure 2. Diagram of kelp life stages. Illustration by Lisa (Scharf) Spitler. In: Mondragon J, and J. Mondragon. 2003. Seaweeds 307 
of the Pacific Coast: Common Marine Algae from Alaska to Baja California.  Sea Challengers, Monterey California, 97 pages. 308 

Kelp Forest Structure  309 

The term “kelp forest” encompass the community and services provided by intact ecosystems 310 
dominated by kelp species. Kelp habitats are composed of multiple species and strata (stories) that 311 
rise above the benthos (seafloor) and can extend up to 10 to 20 meters to the surface (Steneck et 312 
al. 2002; Figure 3). Kelp sporophytes are organized into three types, shown in Figure 3, based on 313 
morphology:  314 
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 Prostrate kelp lack a rigid stipe or gas-filled buoy (pneumatocyst) and remain close to the 315 
seafloor, forming thick understories. For example Saccharina latissima, Costaria costata 316 
and Agarum clathratum. 317 

 Stipitate kelp stand erect with the help of rigid stipes (stems), thus forming a midstory. 318 
For example Pterygophora californica.  319 

 Floating kelp rely on pneumatocysts to hold the plant up in the water column and can 320 
create large, floating surface canopies. For example bull kelp (Nereocysits luetkeana) and 321 
giant kelp (Macrocystis pyrifera). 322 

Kelp communities with all three morphological groups form the most structurally complex forests 323 
whose large volume of living habitat provides critical foundations for nearshore ecosystems and 324 
food webs (Teagle et al. 2017; Steneck et al. 2002). Prostrate kelp species are the most commonly 325 
distributed species in Puget Sound, providing important primary production, refuge, and habitat 326 
(DNR n.d.). In addition, kelp species host diverse microbial biofilms whose functional roles are 327 
not yet known and may play a role in future recovery efforts (Weigel and Pfister 2019).  328 

 329 

 330 
Figure 3. Kelp growth forms showing prostrate, stipitate and floating kelp species. Illustration by Tom Mumford, 2019. 331 
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3.2 Kelp Ecosystem Goods and Services 332 

 333 

Kelp forests provide a variety of indirect and direct services for nearshore marine habitats and 334 
human coastal populations. In Washington State alone, kelp forests uptake 27 to 136 metric tons 335 
of carbon per day (Pfister et al. 2019), the equivalent of carbon emissions from between 336 
approximately 2,000 to 10,500 vehicles a year (EPA 2018). Like eelgrass, kelp ecosystems provide 337 
critical habitat that increases overall biodiversity. The ecosystems are important for many 338 
economically valuable species, including threatened salmon (Oncorhynchus spp.)  and endangered 339 
rockfish (Sebastes spp.) (Shaffer et al. 2019; NMFS 2017; Shaffer 2004). Kelp ecosystems are an 340 
important base of the food web, eventually supporting marine mammals, including killer whale 341 
populations (Unsworth et al. 2018; Altieri and van de Koppel 2014). Kelp species are also powerful 342 
ecosystem engineers that at high densities can improve water quality by assimilating nitrogen (Kim 343 
et al. 2015) and slow the movement of water (Gaylord et al. 2007), potentially acting as natural 344 
breakwaters. This dampening of water motion increases the residence time of nutrients and 345 
particles (Eckman et al. 1989), potentially increasing larval densities and leading to greater food 346 
availability within kelp forests. Finally, kelp forests offer diverse recreation opportunities to local 347 
residents, including productive fishing grounds, and picturesque kayak and dive sites. 348 

Kelp as Critical Habitat  349 

Globally, kelp forests provide more biomass and surface area per unit area than seagrass meadows 350 
(Teagle et al. 2017). Kelp creates large volumes of high-quality habitat in areas with hard and 351 
rocky substrates unsuitable for eelgrass or saltmarsh vegetation, although the two habitats can and 352 
do mix in shallow cobble areas. Primary production in kelp forests often rivals that found in 353 
tropical rainforests per unit area (Krumhansl et al. 2016), and, in Washington waters, kelp biomass 354 
production is up to six times that of phytoplankton per unit volume  (Pfister et al. 2019). This high 355 
productivity provides an important food source that supports trophic food webs inside kelp forests 356 
and contributes to food webs in neighboring deep-water and shoreline habitats (Olson et al. 2019; 357 
Schooler et al. 2019; Zuercher and Galloway 2019; Duggins et al. 2016; Filbee-Dexter and 358 
Scheibling 2016; Krause-Jensen and Duarte 2016).  359 

The food and shelter benefits provided by kelp species increase at higher trophic levels (von Biela 360 
et al. 2016). For example, kelp forests in Norway harbor a greater abundance of marine 361 
invertebrates than other marine vegetated areas; in some cases, invertebrate abundance is five 362 
times higher than in eelgrass meadows (Christie et al. 2009). The high volume of habitat provided 363 
by kelp, creates refuges where juvenile salmon, young-of-year rockfish, and mid-trophic-level 364 
species like forage fish, can feed in relative safety, allowing for higher growth rates and greater 365 
survivorship (Olson et al. 2019; Shaffer et al. 2019; O’Brien et al. 2018; Shaffer 2004). Adult coho 366 

In Washington State, kelp forests uptake 27 to 136 metric tons of carbon per day. That 
is equivalent to the emissions of approximately 2,000 to 10,500 vehicles per year. 
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salmon, chinook salmon, and rockfish remain reliant on nearshore kelp habitats for foraging 367 
opportunities throughout their adult life (Shaffer et al. 2019; Koenigs et al. 2015; Johnson and 368 
Schindler 2009). Healthy populations of these fish, particularly salmon, provide important prey 369 
for iconic Puget Sound predators, including killer whales (particularly Southern Resident killer 370 
whales), birds, and other marine mammals (Southern Resident Orca Taskforce 2019; Harvey et al. 371 
2012). 372 

 373 
 374 

The Cultural Importance of Kelp for Pacific Northwest Tribes  375 

The first human inhabitants of the Pacific Northwest likely followed a near-continuous band of 376 
floating kelp canopies dubbed “the kelp highway” that extended along the Pacific Rim from Asia 377 
to South America (Erlandson et al. 2015; Erlandson et al. 2007). Within the Pacific Northwest, 378 
bull kelp played a particularly prominent role in traditional subsistence knowledge and technology 379 
and was used in fishing, hunting, and food preparation and storage (Boas and Hunt 1921; Stewart 380 
1977; Turner and Bell 1971; Turner 1995; Turner 2001). It was also put to more playful uses by 381 
both children and adults, who used the kelp for toys and target practice (Turner 1979, 2001).  382 

Kelp plays an important role in the symbolic and spiritual aspects of traditional Northwest Coast 383 
cultures. In some oral histories, kelp represents the interdependence between indigenous people 384 
and the sea and the reciprocal ties of kinship between humans and supernatural beings. In other 385 
stories, however, murderous kelp beings remind people of the potential dangers of the ocean. 386 
Appendix B provides more detail on the cultural importance of kelp for Pacific Northwest Tribes. 387 

3.3 Kelp Distributions, Trends, and Regional Changes  388 

Kelp forest persistence is highly dynamic over time but evidence increasingly suggests that climate 389 
change stressors will lead to widespread and long-term declines in kelp populations (Connell et al. 390 
2019; Smale 2019; Wernberg et al. 2019; Rogers-Bennet and Catton 2019). Kelp forests in many 391 
regions across the globe show declines. Persistent declines to kelp forests have been documented 392 
in North-Central California, Nova Scotia, the Gulf of Maine, Ireland, Norway, and South Australia 393 
(Wernberg et al. 2019). Recent kelp declines in Northern California (Rogers-Bennett and Catton 394 
2019), Australia (Connell et al. 2019), and other locations (Wernberg et al. 2019; Filbee-Dexter 395 
and Wernberg 2018; Airoldi and Beck 2007) have been severe with little to no natural recovery. 396 
Causes of kelp loss vary by region but generally involve a combination of local and global stressors 397 
interacting additively or synergistically (Rogers-Bennett and Catton 2019; Filbee-Dexter and 398 
Wernberg 2018). Regardless of the cause, declines in the kelp populations can result in substantial 399 
losses to nearshore biodiversity and negatively impact fisheries, tourism, and coastal health 400 
(Bertocci et al. 2015; Koenigs et al. 2015; Graham 2004).  401 

Kelp species provide 25 times more habitat biomass than eelgrass. 
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 402 

Kelp Distributions and Trends in Puget Sound 403 

Currently, most available information on kelp species in Puget Sound pertains to bull kelp.  404 
Traditional and local ecological knowledge from Tribes and residents, citizen-science surveys, and 405 
analysis of historical data suggest significant declines in the extent and density of bull kelp forests 406 
throughout Puget Sound. Little information exists regarding changes in distribution or abundance 407 
among the 17 Puget Sound kelp species (Mumford 2007).  408 

Washington State kelp monitoring efforts focus primarily on floating bull kelp forests and include: 409 

 DNR surveys of bull kelp linear extent in Central and South Puget Sound; 410 

 Samish Nation analysis of San Juan Island bull kelp using aerial photography, remote 411 
sensing data, and kayak-based canopy area surveys; 412 

 Annual DNR aerial photography of floating kelp canopies along the outer coast and Strait 413 
of Juan de Fuca; 414 

 NWSC Marine Resources Committees (MRCs) citizen science kayak monitoring of bull 415 
kelp forest canopy area; 416 

 Washington State Park and Washington State Department of Fish and Wildlife (WDFW) 417 
monitoring of recreational harvest; 418 

 PSRF SCUBA monitoring of kelp forest communities at two sites in Central Puget Sound; 419 
and 420 

 United States Geological Survey led SCUBA monitoring of kelp communities following 421 
removal of the Elwha River dams. 422 

An analysis of bull kelp distributions in South Puget Sound conducted by DNR documents a 62 423 
percent decrease in bull kelp forest linear extent since the 1870s, and almost complete 424 
disappearance along all shorelines except near the Tacoma Narrows. This decrease includes the 425 
entire loss of two bull kelp forests over the past decade and dramatic decreases in canopy area at 426 
several remaining forests (Berry et al. 2019). DNR is currently conducting a similar analysis of 427 
Central Puget Sound bull kelp linear extent, and other partner organizations have documented 428 
significant losses to kelp beds around Bainbridge Island and Edmonds (see Appendix A for more 429 
details on current distribution and trend data).  430 

While evidence of kelp losses in Puget Sound is limited to bull kelp, recent research suggests that 431 
other kelp species are also vulnerable. Research in British Columbia found that multiple species 432 
of kelp declined in wave-sheltered areas compared to kelp in wave-exposed areas. The wave-433 

Losses in kelp populations result in losses to nearshore biodiversity 
 and negatively impact fisheries, tourism, and coastal health. 
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sheltered environments of Puget Sound may be similarly vulnerable, with multiple species at risk, 434 
not just limited to bull kelp (Starko et al. 2019). 435 

3.4 Stressors 436 

Kelp species in Puget Sound require clear, cold water with sufficient nutrients to support growth 437 
(Wernberg et al. 2019). Sensitivity to changes in water quality makes kelp a potential sentinel or 438 
indicator species for nearshore environments, with losses often following the deterioration of local 439 
water quality and increased water temperatures (Smale 2019; Filbee-Dexter and Wernberg 2018; 440 
Reed et al. 2016). While there are areas of concern within Puget Sound, data are limited and more 441 
research is needed to understand embayment specific effects of local stress regimes (Berry et al. 442 
2019; Calloway 2019; PSEMP Marine Waters Workgroup 2018). 443 

Nutrient Loading 444 

Kelp require a specific threshold of nitrogen to grow. Too little nitrogen and kelp will starve 445 
(Schiel and Foster 2015); too much nitrogen and other species, like plankton or turf algae, can 446 
reduce nutrient availability or displace kelp respectively (Khangaonkar et al. 2018; Falkenberg et 447 
al. 2013). Anthropogenic nutrient loading from wastewater treatment plants, stormwater, and other 448 
point- and non-point sources of water pollution can have serious indirect impacts on kelp forests 449 
but these impacts are unknown in Puget Sound (Feehan et al. 2019; Norderhaug et al. 2015; 450 
Falkenberg et al. 2013). High levels of nitrogen alone are not directly detrimental to kelp, but 451 
anthropogenic nitrogen can lend competitive advantages to turf species that displace kelp 452 
(Falkenberg et al. 2013; Russell et al. 2009). Turf algae include small filamentous and foliose 453 
green and red algae that provide fewer ecosystem services and lower biodiversity (Connell et al. 454 
2014). Kelp nutrient requirements are further complicated by seasonal timing of nutrient 455 
availability in Puget Sound. Nutrient availability decreases in the summer (Berry et al. 2019) but 456 
excess anthropogenic nutrient loading fuels increased spring and summer microalgal blooms that 457 
quickly deplete already low nutrient concentrations (Khangaonkar et al. 2018). Kelp generally 458 
require > 1µM of nitrogen for reproduction and growth (Bartsch et al. 2008; Schiel and Foster 459 
2006) and algal blooms likely starve kelp of needed nutrients during peak spring recruitment and 460 
summer growth. Finally, large phytoplankton blooms also decrease the amount of light available 461 
for photosynthesis and growth (Burkholder et al. 2007).  462 

Climate Change 463 

Kelp forests are generally found in high latitudes and prefer cool water, therefore warming ocean 464 
temperatures threaten kelp forests across the globe (Smale 2019; Wernberg et al. 2019). The 465 
optimal temperature for many Puget Sound kelp species (for example, Laminaria) falls in the range 466 
of five to 15 °C  (Bartsch et al. 2008; Tera Corp. 1982). Temperature stress makes kelp less tolerant 467 
and more vulnerable to other stressors (Rothäusler et al. 2009; Tera Corp. 1982; more discussion 468 
can be found in Appendix A). While little can be done at the local level to reduce global stressors, 469 
such as rising ocean temperatures, actions taken to reduce local stressors can help decrease overall 470 
stress to kelp species in Puget Sound.  471 
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Fine Sediment Loading  472 

Human activities in Puget Sound have both increased and blocked upland sediment loading (i.e., 473 
logging and dams, respectively) (Rubin et al. 2017). Changes in fine sediment loading from river 474 
discharge, stormwater runoff, and in-water construction activities and coastal development can 475 
negatively impact kelp recruitment and microscopic life stage survival by burying suitable 476 
substrate and increasing suspended sediment (Airoldi 2003). However, the nature and severity of 477 
impact depend on the timing of sediment deposition as well as the level of exposure at any given 478 
kelp forest (Geange et al. 2014). In the short term, increased sediment loads can increase mortality 479 
of dormant microscopic kelp life stages (Watanabe et al. 2016; Deiman et al. 2012; Arakawa 2005), 480 
while higher turbidity from sediment loading may significantly delay spring recruitment and the 481 
associated turbidity can reduce the maximum depth of kelp forests (Glover et al. 2019). Finally, 482 
sediment dynamics in Puget Sound have also been altered by large-scale historic changes to upland 483 
and nearshore landscapes (Pearson et al. 2018; Perkins and Collins 1997). The effects of historic 484 
and current human-related alterations to nearshore sediment delivery on kelp habitat availability 485 
and population dynamics in Puget Sound are unknown and warrant further investigation.  486 

Fisheries Impacts 487 

The loss of kelp forests due to uncontrolled grazing from sea urchin populations is well 488 
documented in the popular and scientific literature (Rogers-Bennett and Catton 2019; Ling 2008; 489 
Steneck et al. 2002; Estes and Duggins 1995). Generally, removal of high-order predators from 490 
fishing pressure or other environmental stress results in expansions of urchin barrens (Rogers-491 
Bennett and Catton 2019; Steneck et al. 2013). However, decreases in grazing pressure can also 492 
lead to significant changes in kelp forest composition, allowing annual species, such as bull kelp, 493 
to be replaced with perennial understory species (Duggins 1980).  494 

In Puget Sound, historic cod, pollock, hake, salmon, rockfish, urchin, sea cucumber and abalone 495 
fisheries have significantly altered Puget Sound marine food webs (see Appendix A for more 496 
detail), but the impacts of these changes on kelp population distributions and dynamics are 497 
unknown. Puget Sound hosts three urchin species but no extensive urchin barrens have been 498 
documented by WDFW during urchin population surveys (personal communication with Henry 499 
Carson, WDFW, November 14, 2019).  However, limited areas characterized by low macroalgae 500 
cover and high purple urchin densities have been documented along the outer coast of Vancouver 501 
Island, western Strait of Juan de Fuca, and San Juan Islands (personal communication with Helen 502 
Berry and Taylor Frierson, WDFW, November 14, 2019). Purple urchins have been responsible 503 
for recent large and persistent kelp losses in northern California (Rogers-Bennett and Catton 2019) 504 
and there is a concern that urchin barrens may be expanding north into Oregon (Flaccus and Chea 505 
2019). Finally, with little data on understory kelp trends in Puget Sound, it is difficult to know 506 
whether bull kelp declines are tied to changes in grazing regimes. 507 

Harvest 508 

Recreational harvest of kelp is allowed for individual use, and jointly managed by DNR and 509 
WDFW. A recent study on Whidbey Island found that unsustainable harvest practices (clipping 510 
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kelp too close to the stipe) precluded regrowth post-harvest and negatively impacted kelp densities 511 
for up to a year after harvest (Kilgo 2019). Statewide regulations restrict harvest to 10 pounds of 512 
kelp (regardless of species) per person per day and recommend sustainable cutting (above the plant 513 
growth area, or meristem) (RCW 79.135.410). Currently, there is no formal, statewide monitoring 514 
of recreational kelp harvest to document harvest locations, species, methods, and quantities to 515 
assess the potential impacts of harvest on kelp populations. In Washington State parks, the harvest 516 
is permitted in three parks during defined dates and sustainable harvest is required. In other areas, 517 
local regulations further limit or prohibit harvest.  518 

Washington State does not allow commercial harvest of seaweed or kelp (RCW 79.135.410). 519 
There is one exception for giant kelp harvest for the traditional herring “spawn-on-kelp” fishery; 520 
however, giant kelp does not occur within the boundaries of the study area of the Kelp Plan, and 521 
this fishery has been closed for decades.   522 

Shoreline Development and Activities 523 

Human activities and shoreline development generate a wide range of potential stressors affecting 524 
kelp species. Shoreline development and activities include, but are not limited to, overwater 525 
structures, outfalls, shoreline armoring, dredging, marinas, and navigation. The impacts on kelp 526 
can be both direct and indirect. Potential impacts include, but are not limited to: dredging and 527 
construction in or near kelp forests, increased turbidity from increased sediment inputs, shading 528 
from overwater structures, and anthropogenic nutrient loading altering benthic communities. 529 
Because the exact nature and severity of these impacts to kelp species are not well understood, 530 
human activities and shoreline development typically are not managed and permitted with impacts 531 
to kelp in mind. Collaborative research in partnership with regulators and policymakers will better 532 
support the management of kelp in relation to human activities and shoreline development.  533 

Invasive Species: Sargassum muticum and Undaria pinnatifida 534 

The invasive seaweed Sargassum muticum is known to displace native kelp species in Puget Sound 535 
(Britton-Simmons 2004). Puget Sound Sargassum displaces native species by relying on quick 536 
early growth in the spring to shade out competitors. Sargassum was estimated to span 537 
approximately 20 percent of the shoreline in Puget Sound in the late 1990s (DNR n.d.). In Barkley 538 
Sound along the outer coast of British Columbia, Sargassum distributions have increased in wave-539 
sheltered areas in recent decades (Starko et al. 2019). There is a concern that the Sargassum range 540 
has also expanded in the wave-sheltered environment of Puget Sound since the late 1990s 541 
(personal communication with Brent Hughes, Sonoma State University, November 12, 2019).  542 

Undaria pinnatifida has been encountered as far north as San Francisco along the California coast 543 
(Zabin et al. 2009) and there is concern regarding its potential presence in Washington State waters 544 
and Puget Sound. Currently, there is no evidence that Undaria has been introduced to Puget Sound, 545 
but in the absence of comprehensive understory kelp surveys, its presence is unknown. While 546 
Undaria, like Sargassum, is a common invasive species throughout the Pacific Coast, there is no 547 
consensus on its impacts on native kelp assemblages (South et al. 2017; Casas et al. 2004).  548 
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 Puget Sound Kelp Management 549 

Framework 550 

Kelp and kelp-based ecosystems in Washington State are managed within a framework of 551 
ownership, regulations, and trust responsibilities. The management is split between Tribes, state 552 
and federal management agencies, and county and municipal governments. Figure 4 shows the 553 
management framework for kelp in Washington State.  554 

 555 

 556 

 557 

 558 

Rockfish in understory kelp.  
Photo by Adam Obaza- Paua Marine Research. 

IV. 
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 559 
Figure 4. Diagram of the management framework for kelp in Washington State. 560 
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4.1 Kelp Management Responsibilities 561 

Several tribal and governmental agencies share responsibilities for managing Puget Sound kelp 562 
and their habitats.  563 

Washington State Tribes 564 

Washington Tribes have a reserved right to conserve and protect Puget Sound kelp habitats as 565 
critical habitat for a number of culturally and economically important species covered by treaty 566 
rights. Conserving and protecting critical fish habitat from environmental degradation was 567 
reaffirmed as a fundamental treaty right for all Washington Tribes under Phase II of the Boldt 568 
decision, and kelp restoration activities are now considered “fish habitat enhancement projects” 569 
by the WDFW (RCW 77.55.181). Kelp in and of itself also has significant historical and cultural 570 
value for Washington State Tribes (Appendix B). 571 

Washington Department of Natural Resources 572 

The Washington Department of Natural Resources is the manager and steward of 2.6 million acres 573 
of state-owned aquatic lands. The DNR manages aquatic lands in pursuit of five goals:  574 

 Encourage direct public use and access; 575 
 Foster water-dependent uses; 576 
 Ensure environmental protection; 577 
 Provide opportunities for utilization of renewable resources; and 578 
 Generate income from the use of aquatic lands, when consistent with the previous goals. 579 

State-owned aquatic lands include most subtidal areas (bedlands), nearly 30 percent of intertidal 580 
areas (tidelands), and unsold shorelands of rivers and lakes (shorelands). In general, bedlands 581 
below the extreme lower low water and within the three-mile state boundary are considered state-582 
owned aquatic lands. Because kelp is generally found in subtidal waters and considered an attached 583 
resource, DNR manages the majority of Puget Sound kelp resources. In addition, kelp harvest is 584 
regulated under Washington State guidelines and regulations (RCW 79.135.410). State regulations 585 
prohibit commercial collection of natural set kelp and limit recreational collection to ten pounds 586 
per person per day. DNR and WDFW have established sustainable methods for recreational 587 
harvest of kelp, and WDFW requires a permit for these activities. Shellfish and seaweed 588 
aquaculture on state-owned aquatic lands requires a DNR use authorization, and DNR includes 589 
habitat stewardship measures to ensure the protection of kelp during construction and operations. 590 
DNR also has the authority to withdraw sites from leasing by Commissioner’s order to promote 591 
native species conservation.  592 

DNR manages recreational seaweed (“marine plant”) harvest on state-owned aquatic lands in 593 
coordination with WDFW. See Recreational Harvest and Scientific Collection Permits Section 594 
below for details.   595 
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DNR established the Aquatic Reserve Program in 2002 to protect areas of “special educational or 596 
scientific interest, or of special environmental importance” (WAC 332-30-151). Eight Aquatic 597 
Reserves are currently managed by DNR (seven saltwater, one freshwater), and new aquatic reserves 598 
can be proposed according to DNR aquatic reserve implementation and designation guidelines. Kelp 599 
ecosystems are designated as priority marine habitats under DNR guidelines due to the critical 600 
functions and services they provide to associated marine species. Current aquatic reserves contain 601 
important areas of extensive and diverse kelp forests in the Strait of Juan de Fuca. 602 

Shoreline Management Act: Department of Ecology and Local Shoreline Master 603 
Programs 604 

The Shoreline Management Act of 1971 requires 41 coastal counties and municipalities to draft 605 
and implement local shoreline management plans (SMPs) in accordance with the Department of 606 
Ecology (DOE) guidelines and regulations (RCW 90). SMPs, in addition to meeting other 607 
requirements, must delineate and afford protections to “critical areas,” which include kelp and 608 
eelgrass beds as “fish and wildlife habitat conservation areas,” as defined by the state of 609 
Washington Growth Management Act (RCW 36.70A).  610 

DOE guidelines also require that protections be given to priority habitat areas, which include kelp 611 
as a “saltwater habitat of special concern,” as defined by the WDFW (WAC 220-660-320). As a 612 
result, the designation and protection of kelp habitats can vary from locality to locality. However, 613 
all SMPs must ensure “no net loss” of ecological function for kelp and eelgrass (WAC 173-26-614 
241; Appendix A). While existing regulations provide significant protections for kelp habitats, 615 
effective conservation depends on local implementation and enforcement.  616 

Clean Water Act: Washington Department of Ecology 617 

The DOE implements water quality standards in fulfillment of the federal Clean Water Act 618 
(CWA). Standards submitted by DOE must pass review from the EPA before being accepted. 619 
Water quality standards drafted by DOE are used in permitting non-point sources of pollution from 620 
stormwater discharge. The CWA requires states to develop a Total Maximum Daily Load (TMDL) 621 
plan for water bodies that exceed standards and are listed on the 303(d) list. In addition, DOE 622 
manages the state’s point-source pollution and waste discharge through the issuance of National 623 
Pollutant Discharge Elimination System (NPDES) permits. Current regulations do not include 624 
specific thresholds or pollution protections for kelp and it is unknown how effective these 625 
regulations are at protecting kelp (RCW 90.40.010). 626 

Hydraulic Project Approval: Washington Department of Fish and Wildlife  627 

The WDFW Hydraulic Project Approval (HPA) program is intended to ensure “no net loss” of 628 
ecological functions within “saltwater habitats of special concern,” specifically as they pertain to 629 
fish productivity (WAC 220-660-050). The objective is to minimize impacts of projects that “use, 630 
divert, obstruct, or change the natural flow or bed” of state waters. WDFW HPA guidelines outline 631 
specific survey and mitigation requirements (avoid, minimize, compensate impacts) for all project 632 
applications, and reserve the right to deny any applications. Current WDFW HPA regulations 633 
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provide exemptions for SMP development permits for fish habitat enhancement projects, which 634 
include kelp restoration activities (RCW 77.55.181). 635 

Recreational Harvest and Scientific Collection Permits 636 

DNR and WDFW share the management of recreational seaweed harvest statewide (RCW 637 
79.135.410). No commercial harvest of naturally growing seaweed is permitted in Washington 638 
State. WDFW issues recreational shellfish/seaweed collection licenses that allow for the harvest 639 
of up to 10 pounds (wet weight) of seaweed per day. This license does not require a catch record 640 
card, thus tracking seaweed harvests is left to on-the-ground enforcement and management 641 
officials from WDFW.  642 

Kelp harvest for non-recreational uses is not well coordinated or tracked. DNR permits collection 643 
of kelp for scientific and display uses as a part of its “Aquatic Use Authorization” process on state-644 
owned aquatic lands. The University of Washington’s Friday Harbor Laboratories tracks the 645 
scientific collection of organisms in San Juan County, including seaweeds (RCW 28B.20.320). 646 
Responsibility for scientific and display collection on other lands resides with the local land 647 
manager. 648 

Army Corps of Engineers: Clean Water Act, Rivers and Harbors Act Section 10, and 649 
Endangered Species Act 650 

The USACE is responsible for permitting construction activities within U.S. waters. Section 404 651 
of the CWA regulates dredged and fill material discharged into U.S. waters in order to “restore 652 
and maintain … the integrity of waters of the U.S.” Section 10 of the Rivers and Harbors Act 653 
requires that construction activities do not interfere with navigable waters. In 1990, a memorandum 654 
added the goal of “no net loss” for aquatic resources to the USACE’s responsibilities, requiring 655 
that any activities impacting aquatic resources include mitigation actions for “special aquatic 656 
sites,” which include “vegetated shallows.” However, “vegetated shallows” are defined as waters 657 
that support rooted vegetation, and interpretation differs on whether this category includes kelp 658 
and other seaweeds that do not form roots. As a result, kelp is often excluded from federal 659 
mitigation guidelines. However, CWA Section 404 does provide protections against impacts to 660 
critical habitat for ESA-listed species, and kelp is considered an endangered Puget Sound rockfish 661 
habitat. 662 

National Marine Fisheries Service and United States Fish and Wildlife Service: 663 
Endangered Species Act  664 

The NMFS and USFWS designate critical habitat for ESA-listed species and require consultation 665 
under Section 7(a)(2) of the ESA with federal action agencies that propose actions that may affect 666 
listed species and their habitats. NMFS designated critical habitat in the nearshore for bocaccio, 667 
noting that “…substrates such as sand, rock and/or cobble compositions that also support kelp 668 
(families Chordaceae, Alariaceae, Lessoniacea, Costariaceae, and Laminaricea) are essential for 669 
conservation because these features enable forage opportunities and refuge from predators and 670 
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enable behavioral and physiological changes needed for juveniles to occupy deeper adult habitats” 671 
(78 FR 47635).  672 

National Marine Fisheries Service: Essential Fish Habitat  673 

When a federal agency authorizes, funds, or undertakes an action that may adversely affect 674 
essential fish habitat (EFH), they must consult with NMFS on that action. An adverse effect on 675 
EFH is considered to be any direct or indirect effect that reduces the quality and/or quantity of the 676 
habitat and range from large-scale ocean uses to small-scale projects along the coast. NMFS 677 
provides advice and recommendations to federal agencies to avoid, reduce, or offset these adverse 678 
effects.  679 

Canopy kelp is considered a “Habitat Areas of Particular Concern” (HAPC), which is a discrete 680 
subset of EFH. The canopy kelp HAPC includes those waters, substrate, and other biogenic habitat 681 
associated with canopy-forming kelp species (e.g., Macrocystis spp. and Nereocystis spp.). The 682 
HAPCs are considered high-priority areas for conservation, management, or research because they 683 
are important to ecosystem function, sensitive to human activities, stressed by development, or are 684 
rare. These areas provide important ecological functions and/or are especially vulnerable to 685 
degradation and can be designated based on either specific habitat types or discrete areas. The 686 
HAPC designation does not automatically confer additional protections or restrictions upon an 687 
area, but they help to prioritize and focus conservation efforts. 688 

Kelp Aquaculture Regulations  689 

A developed permitting framework for aquaculture of species in Puget Sound (RCW 19.135) is 690 
coordinated by the Shellfish Interagency Permitting Team. Kelp aquaculture falls generally within 691 
the aquaculture framework, although to date only one site has been permitted in Washington State. 692 
Kelp aquaculture regulations and practices are directly not addressed in the Kelp Plan, as this 693 
document is primarily focused on the conservation and recovery of naturally occurring 694 
populations. Separate efforts spearheaded by NMFS are working to develop resources for seaweed 695 
aquaculture development in Washington State. The Kelp Plan promotes the development of 696 
seaweed aquaculture practices that will not impact natural kelp populations.  697 
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 698 

 699 

Bull kelp. 
Photo courtesy of Eiko Jones Photography. 
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 Kelp Conservation and Recovery 700 

Actions 701 

The Kelp Plan defines six strategic goals and associated actions as a framework for coordinated 702 
research and management to support kelp conservation and recovery in Puget Sound. These goals 703 
and actions are informed by the precautionary principle discussed in Section 2.3 and outline a 704 
precautionary approach that includes monitoring, conservation, and restoration actions. Adaptive 705 
management will play a key role, as our understanding of Puget Sound kelp populations, ecology 706 
and biology grow. Furthermore, successful kelp conservation and recovery will require continued 707 
coordination between user groups, and additional funding and resources to support outlined 708 
actions. The Kelp Plan includes the formation of workgroups for ongoing coordination among 709 
management and science groups.  710 

Strategic goals and related actions for kelp conservation and recovery are identified below.  711 

1. Reduce Stressors 712 

Regional- and local-scale stressors in Puget Sound affecting kelp likely differ between sub-regions 713 
and are not well understood. Reducing stressors will require research into the dynamics of kelp 714 
populations relative to both individual stressors and cumulative stressor impacts on a regional and 715 
local scale. Managers often look to reduce stressors on an individual basis by targeting priority 716 
key stressors to kelp. However, the spatial scale and potential cumulative and synergistic impacts 717 
of stressors on kelp may require a more holistic approach. Adaptive management is critical to 718 
support management needs to address stressors individually while incorporating the latest 719 
scientific understanding of how individual stressors fit into the bigger picture of kelp recovery. 720 
Using the precautionary principle, even a partial understanding of critical thresholds for individual 721 
stressors on kelp and identification of top priority stressors can be used to target management 722 
actions. Failure to reduce stressors that have caused kelp losses will likely impede successful 723 
restoration and recovery efforts.  724 

A number of agencies are tasked to reduce stressors using the tools and regulations outlined in 725 
Section IV. Moreover, the scientific and management communities have expressed a need to 726 
strengthen enforcement and compliance of existing laws and regulations, close loopholes, increase 727 
interagency coordination, and prioritize kelp conservation. Finally, reducing environmental 728 
stressors will provide benefits for kelp and the overall health of Puget Sound. 729 

Failure to reduce stressors that have caused kelp losses will likely impede successful 
restoration and recovery efforts. 

V. 
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Human Impacts on Water Quality and Kelp Habitats 730 

Globally, kelp forests rely on clean, cool waters for persistence – waters that are being lost to water 731 
quality degradation and warming ocean temperatures. Of specific concern are impacts to the 732 
nearshore environment from increased development, and growing populations, all of which can 733 
lead to excess nutrient loading, sediment delivery, and point and nonpoint sources of common 734 
pollutants and contaminants. Implementation of the following actions will help reduce human 735 
impacts on water quality and kelp habitats. 736 

1.1. Form interagency workgroups to increase collaboration and information sharing across 737 
management organizations, to improve implementation, and to address policy gaps.  738 

1.2. Inform future management actions through continued research on the impacts of current 739 
and historic human activities on kelp forests (e.g., nutrient and sediment loading 740 
thresholds and impacts, turbidity effects on kelp recruitment, substrate availability). 741 

1.3. Identify priority stressors negatively affecting Puget Sound kelp on a subregional scale in 742 
order to target management actions. 743 

1.4. Fully implement and enforce available protections for kelp through existing regulations, 744 
programs, and policies (e.g., DOE SMA Guidance, Local SMPs, WDFW HPA, DNR 745 
Aquatic Use Authorization, mitigation programs, NMFS ESA and EFH consultations). 746 

1.4.1. Fully consider kelp in programs that respond to and prevent chemical and oil spills 747 
(e.g., DOE Geographic Response Planning). 748 

1.4.2. Develop tools to support planners’ ability to review/access policy regulations that 749 
assist in decision-making.  750 

1.4.3. Develop and implement long-term research and monitoring actions using rigorous 751 
scientific and adaptive management principles to determine the effectiveness of 752 
current regulations and protection actions. 753 

1.5. Increase protection by addressing key gaps in existing regulations and implementation 754 
programs. 755 

1.5.1. Improve kelp-specific mitigation guidance and implementation.  756 

1.5.2. Specifically name kelp in existing regulations, such as the CWA Section 404 757 
definition of Vegetated Shallows and WDFW’s Priority Habitats and Species. 758 

1.5.3. Update survey guidelines and foster coordination among organizations conducting 759 
the site-level surveys, such as the WDFW Macroalgae Habitat Interim Survey 760 
Guidelines and the Coastal Zone Training Program.  761 

1.5.4. Form an interagency workgroup to review the kelp aquaculture permitting process 762 
and develop best management practices, such as cultivating native species and 763 
avoiding the use of harmful pesticides and other chemicals. 764 

1.6. Reduce anthropogenic nutrient and sediment loading (e.g., stormwater and WWTP 765 
permitting, and TMDL planning). 766 
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1.6.1. Coordinate and share research with the Nutrient Reduction Program planning and 767 
implementation program, led by the DOE.  768 

1.7. Support sustainable kelp harvest by informing recreational harvesters about regulations 769 
and sustainable kelp harvest methods.  770 

Biological Stressors 771 

Human activity, historic and current, has altered the biological condition of Puget Sound. Fishing 772 
pressure has disrupted elements of the Puget Sound food web, impacting populations of cod, hake, 773 
pollock, salmon, rockfish, urchin, sea cucumber, abalone, and others (See Appendix A for more 774 
discussion). Fishing-related changes to marine food webs have the potential to impact kelp 775 
populations (See Section IV) but the connection between fishing pressure and kelp populations in 776 
Puget Sound is unknown. Human activities have introduced non-native macroalgal species, such 777 
as Sargassum, that compete with native kelp for space and light. Implementation of the following 778 
actions will help reduce biological stressors. 779 

1.8. Strive to incorporate kelp and other trophic considerations into fisheries management 780 
planning.  781 

1.9. Explore invasive macroalgae (including Sargassum muticum and Undaria pinnatifida) 782 
control alternatives, ecological roles, and long-term management considerations with 783 
respect to climate change.  784 

Climate Change 785 

The consequences of anthropogenic climate change pose a profound threat to marine environments 786 
all over the globe. For kelp in Puget Sound, increasing water temperatures pose a major potential 787 
concern because many of the inner basins generally naturally experience high temperatures (Burns 788 
1985; Bos et al. 2015). Additional stress associated with climate change-related impacts to water 789 
quality (increased turbidity from increased storm severity and frequency, increased flooding and 790 
sea-level rise), increases in human development resulting from climate relation migration and 791 
ocean acidification related hypoxia also pose serious threats to Puget Sound kelp populations. 792 
Many of these climate-related stressors can be addressed by previously outlined actions to better 793 
understand and reduce their impacts on Puget Sound kelp populations. While there is no state or 794 
local policy action that can “lower the thermostat” on Puget Sound waters, it is important to note 795 
that temperature stress likely exacerbates the impacts of other stressors. Implementation of the 796 
following actions will help reduce impacts from climate change. 797 

1.10. Investigate climate change impacts to better inform management decisions, such as 798 
prioritizing locations for kelp protected areas, restoration sites, and mitigation activities. 799 

1.10.1. Include kelp habitat in regional and local climate adaptation strategies and 800 
planning. 801 

1.11. Investigate local effects within kelp beds on seawater chemistry (Pfister et al. 2019) 802 
and consider potential management opportunities for these benefits.  803 
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1.12. Investigate temperature-tolerant strains of native kelp species for potential use in 804 
restoration and mitigation outplanting. 805 

2. Improve Understanding of the Value of Kelp to Puget Sound 806 

Ecosystems and Integrate into Management 807 

Available information indicates that kelp forests provide important ecosystem services to Puget 808 
Sound. While we have a general understanding of these ecosystem goods and services from other 809 
kelp ecosystems from around the world, our understanding of the magnitude of those services in 810 
Puget Sound is incomplete. Improving our understanding of the role of kelp in Puget Sound food 811 
webs and the essential ecosystem services it provides will support regulatory actions to better 812 
protect kelp. Additional research and management guidance are needed to demonstrate the link 813 
between healthy kelp forests and thriving populations of important species like salmon, rockfish, 814 
forage fish, and killer whales (particularly SRKW). Improved understanding will enhance our 815 
ability to advocate for kelp conservation as a necessity for improving the health of Puget Sound as 816 
a whole. Implementation of the following actions will improve our understanding of kelp habitats 817 
and their values.  818 

2.1. Determine and quantify functional roles of kelp habitats for associated species and provide 819 
guidance to managers for regulatory implementation, such as endangered species habitat 820 
conservation. 821 

2.1.1. Monitor the use of kelp forests as nurseries, migration corridors, refuges, and high-822 
quality forage grounds for salmonids, resident rockfish populations, forage fish, 823 
pinto abalone and killer whales. 824 

2.1.2. Utilize local ecological knowledge to assess the value of kelp forests as fishing 825 
areas. 826 

2.1.3. Use isotopic and biochemical analysis of Puget Sound species and other tools to 827 
assess kelp contributions to nearshore, deep water, and terrestrial food webs. 828 

2.2. Calculate the value of kelp ecosystem services for use in developing mitigation guidance. 829 

3. Describe Kelp Distribution and Trends 830 

Successful management relies on accurate information regarding the distribution and trends of 831 
species and populations of management concern. Currently, synoptic data on kelp distribution 832 
throughout Washington State is limited to the 1990s-era ShoreZone Inventory (Berry et al. n.d). 833 
More detailed and recent information is needed on the distribution of both canopy-forming and 834 
understory species. Additionally, due to the dynamic nature of kelp forests, information on short- 835 
and long-term trends is needed to tease apart natural variation and response to stressors. Kelp 836 
surface canopies are monitored by DNR and NWSC MRCs in some locations, but subtidal 837 
monitoring efforts are sparse in Puget Sound.  838 
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Updated information on distribution and trends are needed to inform point-in-time surveys and 839 
provide context for linking changes in kelp distributions to stressors. Additionally, continued and 840 
regular monitoring will allow for the detection of loss of kelp forests, informing policymakers and 841 
managers to more effectively target sites for conservation of stable kelp forests and recovery efforts 842 
at sites with measured losses. Finally, it will allow for regional tracking of kelp resources. 843 
Implementation of the following actions will provide new information on kelp distribution and 844 
trends. 845 

3.1. Update and expand information on the current extent of canopy-forming and understory 846 
kelp. 847 

3.2. Make distribution and trends data available to agencies and the public for use in spatial 848 
planning, project planning, and regulatory implementation.  849 

3.3. Coordinate strategic monitoring of canopy-forming and understory kelp throughout Puget 850 
Sound by expanding efforts and building collaborations between organizations. 851 

3.3.1. Continue and expand surface monitoring of Puget Sound canopy-forming kelp. 852 

3.3.2. Develop Puget Sound-specific subtidal monitoring protocol, and establish a 853 
network of partners conducting subtidal kelp index site monitoring (e.g., 854 
REEFCheck, PSRF) 855 

3.3.3. Encourage compatibility among protocols to support data synthesis, linking 856 
ecological functions, and relationships to local stressors. 857 

3.3.4. Collaborate with the Puget Sound Partnership to expand the eelgrass Vital Sign to 858 
incorporate kelp indicators (such as kelp canopy area and understory kelp 859 
distributions). 860 

3.4. Expand understanding of historical distributions and trends by compiling historical 861 
information sources and exploring traditional ecological knowledge. 862 

3.5. Identify the genetic structure of kelp populations, including connectivity, dispersal, and 863 
population dynamics.  864 

4. Designate Kelp Protected Areas  865 

Puget Sound kelp recovery begins with the conservation and protection of kelp forests. In addition 866 
to implementing and strengthening current regulations to conserve kelp, the establishment of 867 
priority kelp habitat areas will support local and regional conservation efforts. Given that stressors 868 
and available management tools vary by location, we anticipate that enhanced protections will be 869 
site-specific. Coordination among multiple management organizations could increase the span of 870 
protections at a site (for example, limitation of harvest and land use activities). Implementation of 871 
the following actions will increase kelp protection. 872 

4.1. Protect special kelp habitat in existing and new reserves, refuges, and protected areas. 873 
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4.1.1.  Increase areas protecting existing kelp forests through organizations like DNR, and 874 
USFWS. 875 

4.1.2.  Use withdrawal letters and set standards for lease agreements to ensure the 876 
protection of kelp forests (DNR). 877 

4.2. Assess the extent of recreational kelp harvest and its potential impacts, and develop spatial 878 
management plans and strategies for projected kelp harvest activities.  879 

4.2.1. If necessary, identify priority enforcement needs relating to permits and 880 
recreational harvest activities to support existing protections. 881 

5. Restore Kelp Forests 882 

Restoring historical kelp forests can be achieved through a combination of indirect habitat 883 
improvement through stressor reduction and direct kelp population enhancement. Reestablishment 884 
of persistent kelp forests relies on first eliminating or minimizing stressors that contribute to 885 
current documented losses. Restoration methods and best practices are still being developed; 886 
therefore it is critical to monitor restoration and mitigation sites following project completion to 887 
accurately assess the success and efficacy of new methods. Restoration success could be increased 888 
through the identification of sites with the greatest potential to support kelp. Finally, we must work 889 
to shift current ideas around mitigation away from piecemeal actions towards a more holistic, total-890 
ecosystem approach that takes into account kelp forest connectivity and large-scale issues of 891 
nearshore habitat connectivity. Implementation of the following actions will help restore kelp 892 
forests. 893 

5.1. Develop spatial plan identifying regions and sites for priority restoration actions and 894 
mitigation.  895 

5.1.1. Target management actions that reduce stressors at priority restoration sites.  896 

5.1.2. Develop a mitigation bank of priority locations for kelp enhancement and restoration 897 
projects, and for when in-situ mitigation is not viable.  898 

5.2. Continue development of kelp restoration techniques for use in enhancement projects and 899 
mitigation. 900 

5.2.1. Develop best management practices for designing, installing, and maintaining 901 
compensatory mitigation sites and restoration projects. 902 

5.2.2.  Define measurable project success standards to include ecosystem goods and 903 
services and long-term persistence of kelp forest. 904 

5.2.3.  Develop monitoring protocols to verify project success/compliance. 905 

5.3. Fund and implement restoration activities at priority sites. 906 

5.3.1. Target restoration-funding sources for stressor reduction and population 907 
enhancement projects.  908 
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5.3.2. Reach out to restoration funding sources to include funding for kelp restoration. 909 

5.3.3. Use compensatory mitigation as a tool to restore goods and services provided by 910 
kelp forests. 911 

6. Promote Awareness, Engagement, and Action from User 912 

Groups, the Public, and Decision-Makers 913 

The success of this Kelp Plan and the conservation and recovery of kelp in Puget Sound depends 914 
on increased awareness and engagement in support of actions to sustain kelp. To contribute to the 915 
persistence of Puget Sound kelp forests, we must improve the general understanding of the current 916 
status and ecological value of kelp, communicate the research and management needs that are 917 
articulated in the Kelp Plan, and educate individuals on how they can help. Implementation of the 918 
following actions will help increase awareness and engagement in kelp recovery efforts.  919 

6.1. Share information on (1) the value and role of kelp ecosystems as critical nearshore habitat 920 
and food web support (for forage fish, rockfish, salmon, and killer whales) in Puget Sound; 921 
and (2) the growing concern regarding significant losses to bull kelp canopies.  922 

6.1.1. Educate decision-makers (federal, state, and local entities) regarding the value of 923 
kelp, local declines, and the needs articulated in the Kelp Plan. 924 

6.1.2. Work with Tribal partners to elevate the prominence of traditional ecological 925 
knowledge regarding kelp.  926 

6.1.3. Encourage partners (e.g., Tribes, anglers, commercial fishermen, Washington 927 
Public Port Association, industry, recreational harvesting groups, and NGOs) to 928 
help tell the story of kelp to local communities and decision-makers. 929 

6.1.4. Develop curricula and other educational tools focused on Puget Sound kelp 930 
ecosystems for K-12 classrooms and public locations (aquariums, parks, boat 931 
launches, etc.). 932 

6.2. Build research capacity and coordinate knowledge sharing of ongoing kelp recovery 933 
projects and research gaps. 934 

6.2.1. Create and maintain a regularly scheduled forum for information sharing and 935 
knowledge gathering between Tribal, federal, state, and local entities.  936 

6.2.2. Coordinate kelp conservation actions and research activities with the Salish Sea 937 
International Kelp Alliance, British Columbia, Oregon, and California.  938 

6.2.3. Coordinate knowledge sharing through regular participation in conferences, 939 
workshops, publications, social media, etc. 940 

 941 

 942 
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 943 
 944 
  945 

MRC kayak-based survey of bull kelp forest at Ebey’s Landing.  
Photo by Rich Yukubousky. 
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 Conclusions 946 

Bull kelp forests have declined and disappeared from some areas of Puget Sound. There is a 947 
growing concern from the scientific community that this trend is not limited to bull kelp, and that 948 
threats to kelp species are intensifying. The development of the Kelp Plan brought together kelp 949 
scientists, ecosystem recovery experts, tribal resource managers, and local, state, and federal 950 
representatives to discuss current research, data gaps, and actions that support science-based 951 
regulation and management to conserve and restore kelp. The Kelp Plan defines six strategic goals 952 
and critical actions to initiate a regional response. 953 

1. Reduce stressors; 954 

2. Improve understanding of the value of kelp to Puget Sound ecosystems and integrate into 955 
management; 956 

3. Describe kelp distribution and trends; 957 

4. Designate kelp protected areas; 958 

5. Restore kelp forests; and 959 

6. Promote awareness, engagement, and action from user groups, Tribes, the public, and 960 
decision-makers.  961 

At the heart of the six strategic goals is a need for ongoing coordination of research and interagency 962 
efforts; improved communication between researchers and managers; and additional funding to 963 
support research, monitoring, education, outreach, implementation, and enforcement. The actions 964 
outlined in the Kelp Plan require a unified effort from many people and organizations to carry out 965 
the strategic goals. Raising awareness of the need to support kelp conservation and recovery will 966 
help further build this network. The Kelp Plan provides the framework for coordinated actions for 967 
research and management to better support the persistence of kelp in the face of global and local 968 
stressors, and to ensure these iconic native species continue to thrive in our local waters. 969 

 970 

At the heart of kelp recovery efforts is a needs for ongoing interagency coordination of 
research, better communication between researchers and managers; and additional 

funding to achieve the strategic goals.  

VI. 



Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020  37 

 References 971 

Airoldi, L. 2003. The effects of sedimentation on rocky coast assemblages. Oceanography and 972 
Marine Biology: An Annual Review. Volume 41, pages 161 to 236. 973 

Airoldi, L., and M. W. Beck. 2007. Loss, status and trends for coastal marine habitats of Europe. 974 
Oceanography and Marine Biology Volume 45, pages 345 to 405. 975 

Allen, Brian. 2018. Kelp canopy restoration; enhancement practice development in Puget Sound. 976 
Salish Sea Ecosystem Conference. April 6, 2018, Seattle, WA.   977 

Altieri, A. H., and J. van de Koppel. 2014. Foundation species in marine ecosystems. Pages 37 to 978 
57 in Marine Community Ecology and Conservation, J. F. Bruno, M. D. Bertness, B. R. 979 
Silliman, & J. J. Stachowicz editors. 2014. Sinauer Associates, Inc., Sunderland, MA. 980 

Arakawa, H. 2005. Lethal effects caused by suspended particles and sediment load on zoospores 981 
and gametophytes of the brown alga eisenia bicyclis. Fisheries Science. Volume 71(1), 982 
pages 133 to 140. 983 

Bartsch, I., C. Wiencke, K. Bischof, C. M. Buchholz, B. H. Buck, A. Eggert, P. Feuerpfeil, et al. 984 
2008. The genus Laminaria Sensu Lato: Recent insights and developments. European 985 
Journal of Phycology. Volume 43(1), pages 1 to 86. 986 

Berry, H. D., J. R. Harper, T. F. Mumford, B. E. Bookheim, A. T. Sewell and L. J. Tamayo. n.d. 987 
The Washington State ShoreZone inventory user’s manual. Washington Department of 988 
Natural Resources, Nearshore Habitat Program, Olympia, WA. 29 pages.  989 

Berry, H. D., M. D. Calloway, and J. Ledbetter. 2019. Bull kelp monitoring in south Puget Sound 990 
in 2017 and 2018. Washington Department of Natural Resources, Aquatic Resources 991 
Division, Nearshore Habitat Program, Olympia, WA. 72 pages. 992 

Bertocci, I., R. Araújo, P. Oliveira, and I. Sousa-Pinto. 2015. Review: Potential effects of kelp 993 
species on local fisheries, Henrik Österblom, editor. Journal of Applied Ecology Volume 994 
52(5), pages 1216 to 1226. 995 

von Biela, V. R., S. D. Newsome, J. L. Bodkin, G. H. Kruse, and C. E. Zimmerman. 2016. 996 
Widespread kelp-derived carbon in pelagic and benthic nearshore fishes suggested by 997 
stable isotope analysis. Estuarine, Coastal and Shelf Science. Volume 181, pages 364 to 998 
374. 999 

Boas, F. and G. Hunt. 1921. Ethnology of the Kwakiutl, based on data collected by George Hunt. 1000 
Thirty-Fifth Annual Report. Smithsonian Institution Bureau of American Ethnology 1001 
Government Printing Office, Washington, DC.  1002 

VII. 



Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020  38 

Bos. J., M. Keyzers, L. Hermanson, C. Krembs, and S. Albertson. 2015.  Quality assurance 1003 
monitoring plan. Long-term marine waters monitoring, water column program. 1004 
Publication No. 15-03-101. Washington State Department of Ecology. January 2019. 1005 
https://fortress.wa.gov/ecy/publications/documents/1503101.pdf.  1006 

Brisman, A. 2011. Rio Declaration. Pages 960 to 961 in Encyclopedia of Global Justice, D. K. 1007 
Chatterjee editor. 2011. Springer Netherlands, Dordrecht, Netherlands. 1008 

Britton-Simmons, K. H. 2004. Direct and indirect effects of the introduced alga Sargassum 1009 
muticum on benthic, subtidal communities of Washington State, USA. Marine Ecology 1010 
Progress Series. Volume 277, pages 61 to 78. 1011 

Burkholder, J. M., D. A. Tomasko and B. W. Touchette. 2007. Seagrasses and eutrophication. 1012 
Journal of Experimental Marine Biology and Ecology. Volume 250, pages 56 to 72.  1013 

Calloway, M.D., Puget Sound Restoration Fund, November 14, 2019. Personal communication 1014 
with Helen Berry, Washington Department of Natural Resources Nearshore Habitat 1015 
Program and Taylor Frierson, Washington Department of Fish and Wildlife, regarding 1016 
presence of urchin barrens in Washington State waters.  1017 

Calloway, M. D., Puget Sound Restoration Fund, November 14, 2019. Personal communication, 1018 
email to Henry Carson, Ph.D., Washington Department of Fish and Wildlife, regarding 1019 
the presence of urchin barrens in Puget Sound. 1020 

Calloway, M. D. 2019. Nereocystis luetkeana (bull kelp) in South Puget Sound: Stressor impacts 1021 
on the health of native floating kelp canopies. Master’s Thesis, The Evergreen State 1022 
College, Olympia, WA. 60 pages. 1023 

Carney, L. T., and M. S. Edwards. 2006. Cryptic processes in the sea: A review of delayed 1024 
development in the microscopic life stages of marine macroalgae. Algae. Volume 21(2), 1025 
pages 161 to 168. 1026 

Casas, G., R. Scrosati, and M. L. Piriz. 2004. The invasive kelp Undaria pinnatifida 1027 
(Phaeophyceae, Laminariales) reduces native seaweed diversity in nuevo gulf (Patagonia, 1028 
Argentina). Biological Invasions. Volume 6(4), pages 411 to 16. 1029 

Christie, H., K. M. Norderhaug, and S. Fredriksen. 2009. Macrophytes as habitat for fauna. 1030 
Marine Ecology Progress Series. Volume 396, pages 221 to 33. 1031 

Connell, S. D., M. S. Foster, and L. Airoldi. 2014. What are algal turfs? Towards a better 1032 
description of turfs. Marine Ecology Progress Series. Volume 495, pages 299 to 307. 1033 

Connell, S. D., K. J. Kroeker, K. E. Fabricius, D. I. Kline, and B. D. Russell. 2013. The other 1034 
ocean acidification problem: CO₂ as a resource among competitors for ecosystem 1035 

https://fortress.wa.gov/ecy/publications/documents/1503101.pdf


Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020  39 

dominance. Philosophical Transactions: Biological Sciences Volume 368(1627) pages 1 1036 
to 9. 1037 

Connell, S. D., A. Vergés, I. Nagelkerken, B. D. Russell, N. Shears, T. Wernberg, and M. A. 1038 
Coleman. 2019. The past and future ecologies of Australasian kelp forests. Pages 414 to 1039 
430 in Interactions in the Marine Benthos, S. J. Hawkins, K. Bohn, L. B. Firth, and G. A. 1040 
Williams, editors. 2019. Cambridge University Press, Cambridge, United Kingdom. 1041 

Dayton, P. K. 1985. The ecology of kelp communities. Annual Review of Ecological Systems. 1042 
Volume 16, pages 215 to 245.  1043 

Deiman, M., K. Iken, and B. Konar. 2012. Susceptibility of Nereocystis luetkeana (Laminariales, 1044 
Ochrophyta) and Eualaria fistulosa (Laminariales, Ochrophyta) spores to sedimentation. 1045 
ALGAE. Volume 27(2), pages 115 to 23. 1046 

Druehl, L. D., and S. I. C. Hsiao. 1977. Intertidal kelp response to seasonal environmental 1047 
changes in a British Columbia inlet. Journal of Fisheries Research Board of Canada. 1048 
Volume 34(8), pages 1207 to 1211. 1049 

Duggins, D. O., M. C. Gómez-Buckley, R. M. Buckley, A. T. Lowe, A. W. E. Galloway, and M. 1050 
N. Dethier. 2016. Islands in the stream: kelp detritus as faunal magnets. Marine Biology 1051 
Volume 163(17), 10 pages. 1052 

Duggins, David O. 1980. Kelp beds and sea otters: An experimental approach. Ecology. Volume 1053 
61(3), pages 447 to 53. 1054 

Eckman, J. E., D. O. Duggins, and A. T. Sewell. 1989. Ecology of under story kelp 1055 
environments. I. Effects of kelps on flow and particle transport near the bottom. Journal 1056 
of Experimental Marine Biology and Ecology. Volume 129(2), pages 173 to 187. 1057 

EPA. 2018. Greenhouse Gases Equivalencies Calculator - Calculations and References. 2018. 1058 
https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-1059 
references. Website accessed November 5, 2019. 1060 

Erlandson, J. M., M. H. Graham, B.J. Bourque, D. Corbett, J. A. Estes, and R. S. Steneck. 2007. 1061 
The kelp highway hypothesis: marine ecology, the coastal migration theory, and the 1062 
peopling of the Americas. The Journal of Island and Coastal Archaeology. Volume 2(2), 1063 
pages 161 to 74. 1064 

Erlandson, J. M., T. J. Braje, K.M. Gill, and M. H. Graham. 2015. Ecology of the kelp highway: 1065 
Did marine resources facilitate human dispersal from northeast Asia to the 1066 
Americas? The Journal of Island and Coastal Archaeology. Volume 4894, pages 1 to 20.  1067 

https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-references
https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-references


Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020  40 

Estes, J. A., and D.O. Duggins. 1995. Sea otters and kelp forests in Alaska: generality and 1068 
variation in a community ecological paradigm. Ecological Monographs. Volume 65, 1069 
pages 75 to 100. 1070 

Falkenberg, L. J., B. D. Russell, and S. D. Connell. 2013. Contrasting resource limitations of 1071 
marine primary producers: implications for competitive interactions under enriched CO2 1072 
and nutrient regimes. Oecologia. Volume 172(2), pages 575 to 83. 1073 

Feehan, C. J., S. P. Grace, and C. A. Narvaez. 2019. Ecological feedbacks stabilize a turf-1074 
dominated ecosystem at the southern extent of kelp forests in the northwest Atlantic. 1075 
Scientific Reports. Volume 9(1), pages 70 to 78. 1076 

Filbee-Dexter, K., and R. E. Scheibling. 2016. Spatial patterns and predictors of drift algal 1077 
subsidy in deep subtidal environments. Estuaries and Coasts. Volume 39(6), pages 1724 1078 
to 1734. 1079 

Filbee-Dexter, K., and T. Wernberg. 2018. Rise of turfs: A new battlefront for globally declining 1080 
kelp forests. BioScience. 13 pages. 1081 

Flaccus, G, and T. Chea. The Oregonian. 2019. Sea urchins are chomping their way through 1082 
Oregon Coast kelp, “uncharted territory” for marine ecosystem. 1083 
https://www.oregonlive.com/news/2019/10/sea-urchins-are-devouring-oregon-coast-kelp-1084 
uncharted-territory-for-marine-ecosystem.html. Accessed November 11, 2019. 1085 

Foreman, M. G. G., W. Callendar, A. MacFadyen, B. M. Hickey, R. E. Thomson and E. Di 1086 
Lorenzo. 2008. Modeling the generation of the Juan de Fuca eddy. Journal of 1087 
Geophysical Research – Oceans. Volume 113, C03006.  1088 

Gaylord, B., J. H. Rosman, D. C. Reed, J. R. Koseff, J. Fram, S. MacIntyre, K. Arkema, et al. 1089 
2007. Spatial patterns of flow and their modification within and around a giant kelp 1090 
forest. Limnology and Oceanography. Volume 52(5), pages 1838 to 1852. 1091 

Geange, S. W., A. Powell, K. Clemens-Seely, and C. A. Cárdenas. 2014. Sediment load and 1092 
timing of sedimentation affect spore establishment in Macrocystis pyrifera and Undaria 1093 
pinnatifida. Marine Biology. Volume 161(7), pages 1583 to 92. 1094 

Glover, H.E., A. S. Ogston, I. M. Miller, E. F. Eidam, S. P. Rubin, and H. D. Berry. 2019. 1095 
Impacts of suspended sediment on nearshore benthic light availability following dam 1096 
removal in a small mountainous river: In situ observations and statistical modeling. 1097 
Estuaries and Coasts. Volume 42(7), pages 1804 to 1820. 1098 

Goetz, F, C. Tanner, C. Simenstad, K. Fresh, T. F. Mumford, and M. Logsdon. n.d. Guiding 1099 
restoration principles. Technical Report 2004-03. Prepared in support of the Puget Sound 1100 
Nearshore Partnership. 22 pages. 1101 



Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020  41 

Goldmark, P., M. Duffy, K. Swenddal, M. Rechner, C. Cook, M. Goehring, H. Berry, J. Gaeckle, 1102 
F. Short, and B. Christiaen. 2015. Puget Sound eelgrass (Zostera marina) recovery 1103 
strategy. Washington State Department of Natural Resources, Aquatic Resources 1104 
Division, Olympia, WA. 47 pages. 1105 

Graham, M. H. 2004. Effects of local deforestation on the diversity and structure of southern 1106 
California giant kelp forest food webs. Ecosystems. Volume 7(4), pages 341 to 357. 1107 

Harremoes, P., D. Gee, M. MacGarvin, A. Stirling, J. Keys, B. Wynne, and S. Vaz, editors. 1108 
2002. The precautionary principle in the 20th. Routledge, London, United Kingdom.  1109 

Harvey, C. J., G. D. Williams and P. S. Levin. 2012. Food web structure and trophic control in 1110 
Central Puget Sound. Estuaries and Coasts.  Volume 35, pages 821 to 838.  1111 

Hurd, C.L., P.J. Harrison, K. Bischof, and C.S. Lobban. 2014. Seaweed ecology and physiology. 1112 
Cambridge University Press, Cambridge, United Kingdom. 551 pages.  1113 

Johannessen, S. C., G. Potentier, C. A. Wright, D. Masson and R. W. Macdonald. 2011. Water 1114 
column organic carbon in a Pacific marginal sea (Strait of Georgia, Canada). Elsevier. 1115 
Volume 66, hal-00563045.  1116 

Johnson, S. P., and D. E. Schindler. 2009. Trophic ecology of Pacific salmon (Oncorhynchus 1117 
spp.) in the ocean: A synthesis of stable isotope research. Ecological Research. Volume 1118 
24(4), pages 855 to 63. 1119 

Khangaonkar, T., A. Nugraha, W. Xu, W. Long, L. Bianucci, A. Ahmed, T. Mohamedali, and G. 1120 
Pelletier. 2018. Analysis of hypoxia and sensitivity to nutrient pollution in Salish Sea. 1121 
Journal of Geophysical Research: Oceans. Volume 123(7), pages 4735 to 61. 1122 

Kilgo, J., B. Bookheim, H. Berry and B. Christiaen. 2019. Recreational kelp harvest study at 1123 
Libbey Beach: Smith and Minor Islands Aquatic Reserve. Washington Department of 1124 
Natural Resources, Olympia, WA. 33 pages.  1125 

Kim, J. K., G. P. Kraemer, and C. Yarish. 2015. Use of sugar kelp aquaculture in Long Island 1126 
Sound and the Bronx River estuary for nutrient extraction. Marine Ecology Progress 1127 
Series. Volume 531, pages 155 to 66. 1128 

Koenigs, C., R. J. Miller, and H. M. Page. 2015. Top predators rely on carbon derived from giant 1129 
kelp Macrocystis pyrifera. Marine Ecology Progress Series. Volume 537, pages 1 to 8. 1130 

Krause-Jensen, D., and C. M. Duarte. 2016. Substantial role of macroalgae in marine carbon 1131 
sequestration. Nature Geoscience. Volume 9, pages 737 to 743. 1132 

Krumhansl, K. A., D. K. Okamoto, A. Rassweiler, M. Novak, J. J. Bolton, K. C. Cavanaugh, 1133 
S.D. Connell, et al. 2016. Global patterns of kelp forest change over the past half-century. 1134 



Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020  42 

Proceedings of the National Academy of Sciences of the United States of America. 1135 
Volume 113(48), pages 13785 to 13790. 1136 

Lemay, M.A., Martone, P.T., Keeling, P.J., Burt, J.M., Krumhansl, K.A., Sanders, R.D., 1137 
Wegener Parfrey, L., 2018. Sympatric kelp species share a large portion of their surface 1138 
bacterial communities: Kelp-associated bacterial diversity. Environmental Microbiology 1139 
20, 658–670. http://doi.org/10.1111/1462-2920.13993.  1140 

Ling, S. D. 2008. Range expansion of a habitat-modifying species leads to loss of taxonomic 1141 
diversity: A new and impoverished reef state. Oecologia. Volume 156(4), pages 883 to 1142 
894. 1143 

Mackas, D. L. and P. J. Harrison. 1997. Nitrogenous nutrient sources and sinks in the Juan de 1144 
Fuca Strat/Strait of Georgia/Puget Sound estuarine system: Assessing the potential for 1145 
eutrophication. Estuarine, Coastal and Shelf Science. Volume 44, pages 1 to 21.  1146 

Masson, D. and P. F. Cummins. 2000. Fortnightly modulation of the estuarine circulation in Juan 1147 
de Fuca Strait. Journal of Marine Research. Volume 58, pages 439 to 463.  1148 

Maxell, B. A., and K. A. Miller. 1996. Demographic studies of the annual kelps Nereocystis 1149 
luetkeana and Costaria costata (Laminariales, Phaeophyta) in Puget Sound, Washington. 1150 
Botanica Marina. Volume 39, pages 479 to 489. 1151 

Mumford, T. F., Marine Agronomics, LLC., November 12, 2019. Personal communication, 1152 
email to Brent Hughes, Ph.D., Sonoma State University Assistant Professor of Biology, 1153 
regarding the expansion of Sargassum muticum in Puget Sound.  1154 

Mumford, T. F. 2007. Kelp and eelgrass in Puget Sound. Technical Report 2007-5. Prepared in 1155 
support of the Puget Sound Nearshore Partnership. 27 pages.  1156 

National Marine Fisheries Service. 2017. Rockfish recovery plan: Puget Sound / Georgia Basin 1157 
yelloweye rockfish (Sebastes ruberrimus) and bocaccio (Sebastes paucispinis). National 1158 
Marine Fisheries Service, Seattle, WA. 153 pages.  1159 

Norderhaug, K. M., H. Gundersen, A. Pedersen, F. Moy, N. Green, M. G. Walday, J. K Gitmark, 1160 
et al. 2015. Effects of climate and eutrophication on the diversity of hard bottom 1161 
communities on the Skagerrak coast 1990-2010. Marine Ecology Progress Series. 1162 
Volume 530, pages 29 to 46. 1163 

O’Brien, B. S., K. Mello, A. Litterer, and J. A. Dijkstra. 2018. Seaweed structure shapes trophic 1164 
interactions: A case study using a mid-trophic level fish species. Journal of Experimental 1165 
Marine Biology and Ecology. Volume 506, pages 1 to 8. 1166 

http://doi.org/10.1111/1462-2920.13993


Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020  43 

Olson, A. M., M. Hessing‐Lewis, D. Haggarty, and F. Juanes. 2019. Nearshore seascape 1167 
connectivity enhances seagrass meadow nursery function. Ecological Applications. 1168 
Volume 29(5), e01897. 1169 

Pearson, S. F., N. Hamel, S. Walters, and J. Marzluff, editors. 2018. Threats: Impacts of natural 1170 
events and human activities on the ecosystem. Encyclopedia of Puget Sound. University 1171 
of Washington, Puget Sound Institute, Tacoma, WA. 1172 
https://www.eopugetsound.org/science-review/threats-impacts-natural-events-and-1173 
human-activities-ecosystem. Accessed April, 30, 3018. 1174 

Perkins, S.J., and B.D. Collins. 1997. Landslide and channel response inventory for the 1175 
Stillaguamish watershed. Unpublished report. Snohomish and Skagit Counties, 1176 
Washington. 1177 

Pfister, C. A., M.A. Altabet, and B. L. Weigel. 2019. Kelp beds and their local effects on 1178 
seawater chemistry, productivity, and microbial communities. Ecology. Volume.100(10), 1179 
e02798. http://doi.org/10.1002/ecy.2798  1180 

PSEMP Marine Waters Workgroup. 2018. Puget Sound marine waters: 2017 overview. S. K. 1181 
Moore, R. Wold, K. Stark, J. Bos, P. Williams, N. Hamel, S. Kim, A. Brown, C. Krembs, 1182 
and J. Newton, editors. Prepared for the Puget Sound Ecosystem Monitoring Program, 1183 
Marine Waters Workgroup. 72 pages.  1184 

Reed, D., L. Washburn, A. Rassweiler, R. Miller, T. Bell, and S. Harrer. 2016. Extreme warming 1185 
challenges sentinel status of kelp forests as indicators of climate change. Nature 1186 
Communications. Volume 7, 13757. 1187 

Rogers-Bennett, L., and C. A. Catton. 2019. Marine heat wave and multiple stressors tip bull 1188 
kelp forest to sea urchin barrens. Scientific Reports. Volume 9(1), 15050. 1189 

Rothäusler, E., I. Gómez, I. A. Hinojosa, U. Karsten, F. Tala, and M. Thiel. 2009. Effect of 1190 
temperature and grazing on growth of Macrocystis spp. (Phaeophyceae) along a 1191 
latitudinal gradient. Journal of Phycology. Volume 45(3), pages 547 to 559. 1192 

Rubin, S. P., I. M. Miller, M. M. Foley, H. D. Berry, J. J. Duda, B. Hudson, N. E. Elder, et al. 1193 
2017. Increased sediment load during a large-scale dam removal changes nearshore 1194 
subtidal communities, J. P. Meador, editor. PLOS ONE. Volume 12(12), e0187742. 1195 

Schiel, D. R., and M. S. Foster. 2006. The population biology of large brown seaweeds: 1196 
Ecological consequences of multiphase life histories in dynamic coastal environments. 1197 
Annu. Rev. Ecol. Evol. Syst. Volume 37, pages 343 to 372. 1198 

Schiel, D. R., and M. S. Foster. 2015. The biology and ecology of giant kelp forests. University 1199 
of California Press, Oakland, California. 395 pages. 1200 

https://www.eopugetsound.org/science-review/threats-impacts-natural-events-and-human-activities-ecosystem
https://www.eopugetsound.org/science-review/threats-impacts-natural-events-and-human-activities-ecosystem
http://doi.org/10.1002/ecy.2798


Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020  44 

Schooler, N. K., J. E. Dugan, and D. M. Hubbard. 2019. No lines in the sand: Impacts of intense 1201 
mechanized maintenance regimes on sandy beach ecosystems span the intertidal zone on 1202 
urban coasts. Ecological Indicators. Volume 106, 105457. 1203 

Shaffer, A., D. Parks, E. Schoen, and D. Beauchamp. 2019. Salmon, forage fish, and kelp. 1204 
Frontiers in Ecology and the Environment. Volume 17(5), pages 258 to 258. 1205 

Shaffer, S. 2004. Preferential use of nearshore kelp habitats by juvenile salmon and forage fish. 1206 
Pages 1 to 11 in Proceedings of the 2003 Georgia Basin/Puget Sound Research 1207 
Conference; March 31 to April 3, 2003, Vancouver, British Columbia. CD-ROM or 1208 
Online. Available: http://www.psat.wa.gov/03_proceedings/start.htm [February 2004] 1209 
31:pages 1 to 11 1210 

Smale, D. A. 2019. Impacts of ocean warming on kelp forest ecosystems. New Phytologist.  1211 

South, P. M., O. Floerl, B. M. Forrest, and M. S. Thomsen. 2017. A review of three decades of 1212 
research on the invasive kelp Undaria pinnatifida in Australasia: An assessment of its 1213 
success, impacts and status as one of the world’s worst invaders. Marine Environmental 1214 
Research Volume 131(October) pages 243 to 57. 1215 

Southern Resident Orca Task Force. 2019. Final report and recommendations. Olympia, WA. 1216 
196 pages  1217 

Starko, S., L. A. Bailey, E. Creviston, K. A. James, A. Warren, M. K. Brophy, A. Danasel, M.P. 1218 
Fass, J. A. Townsend, and C. J. Neufeld. 2019. Environmental heterogeneity mediates 1219 
scale-dependent declines in kelp diversity on intertidal rocky shores, J. Hewitt, editor. 1220 
PLOS ONE. Volume 14(3), e0213191. 1221 

Steneck, R. S., M. H. Graham, B. J. Bourque, D. Corbett, J. M. Erlandson, J. A. Estes, and M. J. 1222 
Tegner. 2002. Kelp forest ecosystems: Biodiversity, stability, resilience and future. 1223 
Environmental Conservation. Volume 29(4), pages 436 to 459. 1224 

Steneck, R. S., A. Leland, D. C. McNaught, and J. Vavrinec. 2013. Ecosystem flips, locks, and 1225 
feedbacks: The lasting effects of fisheries on Maine’s kelp forest ecosystem. Bulletin of 1226 
Marine Science. Volume 89(1), pages 31 to 55. 1227 

Stewart, H. 1977. Indian Fishing: Early Methods on the Northwest Coast. University of 1228 
Washington Press, Seattle, WA. 188 pages. 1229 

Tarquinio, F., Bourgoure, J., Koenders, A., Laverock, B., Säwström, C., Hyndes, G.A., 2018. 1230 
Microorganisms facilitate uptake of dissolved organic nitrogen by seagrass leaves. The 1231 
ISME Journal. https://doi.org/10.1038/s41396-018-0218-6. 1232 

http://www.psat.wa.gov/03_proceedings/start.htm
https://doi.org/10.1038/s41396-018-0218-6


Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020  45 

Teagle, H., S. J. Hawkins, P.J. Moore, and D. A. Smale. 2017. The role of kelp species as 1233 
biogenic habitat formers in coastal marine ecosystems. Journal of Experimental Marine 1234 
Biology and Ecology. Volume 492, pages 81 to 98. 1235 

Tera Corp. 1982. Compendium of thermal effects laboratory studies: Diablo Canyon power 1236 
plant. Volume 2. Tera Corporation, Berkeley, CA. 1237 

Turner, N. C. and M. A. M. Bell. 1971. The ethnobotany of the Coast Salish Indians of 1238 
Vancouver Island. Economic Botany. Volume 25(1), pages 63 to 104. 1239 

Turner, N. J. 1979. Plants in British Columbia Indian Technology. Royal British Columbia 1240 
Museum, Victoria, BC. 304 pages. 1241 

Turner, N. J. 1995. Food Plants of Coastal First Peoples. 2nd Edition. University of British 1242 
Columbia Press, Vancouver, BC. 180 pages. 1243 

Turner, N. J. 2001. Coastal peoples and marine plants on the northwest coast. Pages 69 to 76 in 1244 
Proceedings of the 26th Annual Conference of the International Association of Aquatic 1245 
and Marine Science Libraries and Information Centers; September 30 to October 5, 2000, 1246 
Victoria, BC. 1247 

Unsworth, R. K. F., L. M. Nordlund, and L. C. Cullen-Unsworth. 2018. Seagrass meadows 1248 
support global fisheries production. Conservation Letters. Volume 12, e12566. 1249 

Washington Marine Resources Advisory Council. 2017. Addendum to ocean acidification: From 1250 
knowledge to action, Washington State’s strategic response. EnviroIssues, editors. 1251 
Seattle, WA. 1252 

Washington State Blue Ribbon Panel on Ocean Acidification. 2012. Ocean acidification: From 1253 
knowledge to action, Washington State’s strategic response. H. Adelsman and L. Whitely 1254 
Binder, editors. Washington Department of Ecology, Olympia, WA. Publication no. 12-1255 
01-015.  1256 

Watanabe, H., M. Ito, A. Matsumoto, and H. Arakawa. 2016. Effects of sediment influx on the 1257 
settlement and survival of canopy-forming macrophytes. Scientific Reports. Volume 6, 1258 
18677. 1259 

Weigel, B. L., C. A. Pfister. 2019. Successional dynamics and seascape-level patterns of 1260 
microbial communities on the canopy-forming kelps Nereocystis luetkeana and 1261 
Macrocystis pyrifera. Frontiers in Microbiology. Volume 10, 346. 1262 
http://doi.org/10.3389/fmicb.2019.00346.  1263 

Wernberg, T., K. Krumhansl, K. Filbee-Dexter, and M. F. Pedersen. 2019. Status and trends for 1264 
the world’s kelp forests. Pages 57 to 78 in World Seas: An Environmental Evaluation, 1265 
Elsevier, Oxford, United Kingdom. 1266 

http://doi.org/10.3389/fmicb.2019.00346


Puget Sound Kelp Conservation and Recovery Plan — Public Review Draft 

January 2020  46 

Zabin, C., G. Ashton, C. Brown, and G. Ruiz. 2009. Northern range expansion of the asian kelp 1267 
Undaria pinnatifida (Harvey) Suringar (Laminariales, Phaeophyceae) in western North 1268 
America. Aquatic Invasions Volume 4(3) pages 429 to 34. 1269 

Zuercher, R., and A. W. E. Galloway. 2019. Coastal marine ecosystem connectivity: Pelagic 1270 
ocean to kelp forest subsidies. Ecosphere. Volume 10(2), e02602. 1271 


	I. Executive Summary
	II. Introduction
	2.1 Purpose of the Conservation and Recovery Plan
	2.2 Plan Development and Coordination
	Puget Sound Conservation and Recovery Plan Area

	2.3 Precautionary Principle and Adaptive Management

	III. Puget Sound Kelp Overview
	3.1 Kelp Biology
	Kelp Life History
	Kelp Forest Structure

	3.2 Kelp Ecosystem Goods and Services
	Kelp as Critical Habitat
	The Cultural Importance of Kelp for Pacific Northwest Tribes

	3.3 Kelp Distributions, Trends, and Regional Changes
	Kelp Distributions and Trends in Puget Sound

	3.4 Stressors
	Nutrient Loading
	Climate Change
	Fine Sediment Loading
	Fisheries Impacts
	Harvest
	Shoreline Development and Activities
	Invasive Species: Sargassum muticum and Undaria pinnatifida


	IV. Puget Sound Kelp Management Framework
	4.1 Kelp Management Responsibilities
	Washington State Tribes
	Washington Department of Natural Resources
	Shoreline Management Act: Department of Ecology and Local Shoreline Master Programs
	Clean Water Act: Washington Department of Ecology
	Hydraulic Project Approval: Washington Department of Fish and Wildlife
	Recreational Harvest and Scientific Collection Permits
	Army Corps of Engineers: Clean Water Act, Rivers and Harbors Act Section 10, and Endangered Species Act
	National Marine Fisheries Service and United States Fish and Wildlife Service: Endangered Species Act
	National Marine Fisheries Service: Essential Fish Habitat
	Kelp Aquaculture Regulations


	V. Kelp Conservation and Recovery Actions
	1. Reduce Stressors
	Human Impacts on Water Quality and Kelp Habitats
	Biological Stressors
	Climate Change

	2. Improve Understanding of the Value of Kelp to Puget Sound Ecosystems and Integrate into Management
	3. Describe Kelp Distribution and Trends
	4. Designate Kelp Protected Areas
	5. Restore Kelp Forests
	6. Promote Awareness, Engagement, and Action from User Groups, the Public, and Decision-Makers

	VI. Conclusions
	VII. References



