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Executive Summary

This report presents preliminary scoping information to support development of the floating kelp
canopy area ecological indicator, a newly identified biophysical indicator for the Puget Sound
Partnership’s Beaches and Marine Vegetation Vital Sign. The report summarizes required and
desirable attributes, along with candidate datasets. The purpose of the report is to make an initial
plan available and to elicit feedback from the Puget Sound community. The Project Team will
use the findings to guide future work. The project will culminate in May 2023 with posting of the
newly developed indicator and associated results on PS Info, the Vital Sign reporting system.

The project is distinct from many other indicator development efforts because the Project Team
represents a broad-based alliance of organizations and communities that value kelp. The
principle driving this approach is that diverse engagement will both enrich the indicator and
strengthen its connection to kelp conservation and restoration actions. The initial indicator will
be developed from a synthesis of existing data from state agency monitoring, community science
surveys, and Indigenous Scientific Knowledge. We anticipate that the indicator produced during
this project will be incrementally improved over time. So, in addition to defining and
constructing the indicator, the project will identify priorities for enhancing and expanding it in
the future.

How to getinvolved:

Provide feedback on the Scoping Questions by participating in a workshop or submitting
comments:

1. Who is the indicator for? How will it be used?

2. The indicator is limited to describing status and trends in kelp canopy area. What

linkages are most important?

3. What time spans should the indicator consider? Why?

4. What geographic assessment areas are important to consider? Why?

5. What metrics and data should be included in the initial indicator? The future indicator?

Consider how you want to participate. The Community Engagement section outlines ideas for
inclusivity. Your contributions could be part of the indicator project or part of broader efforts
associated with the Puget Sound Kelp Conservation and Recovery Plan (Kelp Plan):

e Share datasets to be included in the indicator;

e Suggest priorities for the indicator to address;

e Contribute other information that enriches our understanding of indicator results;

e Define measures of success;

e Provide guidance on how the indicator meets needs to understand kelp condition and how
it is changing;

e Communicate why kelp is important.

Each phase of the project includes opportunities to provide feedback:



Phase 1. Initial Scoping
Identify indicator
requirements, priorities, and
candidate datasets

e Report released: Jan. 11, 2022
e Online workshop: Jan. 13, 2022, 10 am — 12 pm
e Public comments due: Mar. 1, 2022

Phase 2. Indicator Options
Explore indicator options
through data visualization

o Report released: May 30, 2022
e Online workshop: Jun. 7, 2022, 10 am — 12 pm

e Public comments due: Aug. 1, 2022

Phase 3. Proposed Indicator
Select and refine indicator

o Report released: December 20, 2022
e Online workshop: Jan. 4, 2023, 10 am — 12 pm

e Public comments due: Feb. 15, 2023

As part of the initial scoping, the Project Team identified key considerations for feedback. Key

considerations were framed in terms

of the scoping questions:

Question Key Considerations

Who is the indicator for? | -
How will it be used? -

Diverse audiences.
Single simple figure for rapid communication.
Detailed metrics that drill down into the data.

The indicator is limited -
to describing status and
trends in floating kelp

canopies. What linkages | -
are most important?

Linkages to stressors, managementactions, ecosystem
components, human well-being.

Additional conceptual model development may be useful as
part of indicator development or broader Kelp Plan work:

o A ‘kelp canopy centric’ model may provide insight.

o A simple model could communicate common
understanding.

o Advanced models could target additional actions.

What time spans should | -
the indicator consider? -

Short-term (years).
Long-term (decades).

Why?

What geographic - Sub-basins within Puget Sound.
assessment areas are - Include the open coast.
important? Why?

What metrics and data -
should be included in the
initial indicator? The -
future indicator?

Initial canopy area and bed perimeter area from DNR, MRC
volunteers, Samish. What else?

Future: a plan for expanding metrics and data is needed.
Currently, resources for data collection and reporting are
extremely limited. The program must be scaled to match
available resources.

For more information on the project
contact us at nearshore@dnr.wa.gov

or to join the mailing list, visit the project web site or



https://kelp-canopy-vital-sign-for-puget-sound-wadnr.hub.arcgis.com/
file://///dnrfsoly110.dnr.wa.lcl/AQR_NEARSHORE/data/kelp/projects/kelp_VS_indicator_2021/initial_scoping/nearshore@dnr.wa.gov
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l. Introduction

1.1 Overall Project Goal and Approach

The overall goal of this project is to produce a floating kelp canopy area indicator for the Puget
Sound Vital Signs. In 2020, the Puget Sound Partnership called for a new floating kelp canopy
area indicator, in recognition that kelp forests are foundations for diverse and productive
ecosystems. The indicator will fill a current gap in scientific information about the condition of
floating kelp canopies. It will also serve as a communications tool for sharing information with
the public.

Kelp is an ecosystem engineer that provides habitat and food web support for myriad species of
invertebrates, fishes, birds and mammals. In Puget Sound, for example, kelp forests are critical
habitat for juvenile rockfish (Sebastes spp.), forage fish (including Pacific herring and surf
smelt), as well as out-migrating juvenile and returning adult salmon (Love etal., 1991; Doty et
al., 1995; Johnson and Schindler, 2009; Essington et al., 2018; Shaffer etal., 2020). Changes in
kelp abundance can have cascading effects (Sunday et al., 2016). For more information on the
ecological role of kelp, see The Knowledge Review in The Kelp Conservation and Recovery
Plan (Calloway et al., 2020).

1.2 Project Description

1.2.1 Project Team and Contributors

Participants in floating kelp canopy area indicator development are divided into two groups:

- The Project Team of 10-15 staff who primarily complete the project;

o Washington State Department of Natural Resources (DNR) - Helen Berry, Pete
Dowty, Lisa Ferrier, Bart Christiaen, Julia Ledbetter, Kelp Ecologist (Natural
Resources Scientist 3 project position, to be hired), Elizabeth Spaulding
Samish Indian Nation - Todd Woodard (alternate: Casey Palmer-McGee)
Northwest Straits Commission - Dana Oster, Suzanne Shull
University of Washington - Megan Dethier, Wendel Raymond
Washington SeaGrant - Nicole Naar

o Marine Agronomics - Tom Mumford
- Contributors who provide guidance through document review and meetings.

O O O O

The Project Teamis composed of a broad-based alliance of partners that have been collaborating
informally. We will use a unique blend of state agency monitoring, community science,
Indigenous Scientific Knowledge and academic research to define the floating kelp canopy area
indicator and synthesize existing data. Project partners include:

e The Washington State Department of Natural Resources (DNR) is the state steward for
kelp, eelgrass and other aquatic vegetation. DNR’s Nearshore Habitat Program has
conducted kelp monitoring for 30 years. Itis also the indicator lead for the eelgrass area
component of the Beaches and Marine Vegetation Vital Sign.

1


https://vitalsigns.pugetsoundinfo.wa.gov/
https://vitalsigns.pugetsoundinfo.wa.gov/
https://www.nwstraits.org/media/2978/appendix_a_knowledge_review.pdf
https://www.dnr.wa.gov/programs-and-services/aquatics/aquatic-science/kelp-monitoring

1.2.2

The Samish Indian Nation works to preserve, protect and enhance culturally significant
natural resources in Samish Territory, which encompasses culturally important kelp
habitats in the San Juan Islands and nearby shorelines. Through the tribe’s strong
connection with the natural world, they have observed kelp declines and species
struggling to survive and adapt. They are incorporating local indigenous knowledge into
their scientific monitoring program.

The Northwest Strait Commission is a community-led collaboration working to protect
and restore the marine environment of northwest Washington. It provides funding and
technical coordination for 7 county-based Marine Resources Committees (MRCs). MRCs
serve as advisors to local government and lead projects that make positive regional
impacts, such as the volunteer-based kelp canopy monitoring program.

The University of Washington’s Friday Harbor Laboratories (FHL) will provide
ecological analysis expertise and link the indicator to ongoing kelp research. FHL is
known worldwide for researchand teaching in marine-related sciences. Visiting and
resident scientists and their students conduct a wide array of research projects related to
kelp. FHL is the academic home for one postdoctoral research fellow working on kelp
ecophysiology and several other researchers with decades of experience related to kelp.

Washington Sea Grant (WSG) funds and conducts marine research, outreach, and
education to support the health and sustainability of Washington’s vibrant communities
and marine resources. WSG acts a neutral convener and unbiased broker of place-based
information, bringing together academic, tribal, industry, government, and other partners
to address complex coastal environmental issues. Various WSG staff collaborative ly
work on kelp conservation, recovery and management within Puget Sound.

Project Phases and Schedule

The project began in January 2022 and will be completed in May 2023 (Figure 1). During this
period, three linked phases will incrementally define the indicator. Each phase incorporates a
formal call for external guidance and feedback (Table 1). Targeted outreach has been
recommended as the approach that is most likely to spark meaningful participation. Therefore,
the Project Teamwill also reach out for guidance and feedback from key constituents through
informal meetings.


https://storymaps.arcgis.com/stories/b9f979a547004c32a616b5319a6410c0
https://waecy.maps.arcgis.com/apps/MapJournal/index.html?appid=b6e15bd79265489cb882bde72ce6921c
https://fhl.uw.edu/research/
https://wsg.washington.edu/

2022 @ Identify Indicator Requirements
Jan 11 | release report #1 (initial scoping)
Jan 13 | workshop #1

Mar1l | comments due
Mar 15| comments released

@ Explore Indicator Options

May 30| release report #2 (options)
Jun 7 wiorkshop #2

Augl | comments due
Aug 30| comments released

® Refine and Finalize Indicator

Dec 20| release report #3 (proposed indicator)

20232 workshop #3
comments due

comments released

release final report, protocols, fact sheet
submit indicator data to PS Info

Figure 1. Owerview of project phases and timeline.

Phase 1. Identify indicator requirements.

This report kicks off the initial scoping process to identify indicator requirements, priorities, and
candidate datasets. The Project Teams soliciting input on key attributes to be incorporated into
the kelp canopy area indicator based on the PS Partnership Vital Sign indicator requirements,
ecological guidelines for indicator development, and specific considerations for canopy-forming
kelp species in Puget Sound. The results will guide the subsequent phases of indicator
development.

The Project Teamis also identifying existing candidate datasets to be incorporated into the initial
indicator. Candidate datasets will be drawn from DNR, the Samish Tribe, the NW Straits
Commission, and other available sources.

The framework developed during initial scoping will be further developed in subsequent phases.



Phase 2. Explore indicator options through data analysis and visualization

The Project Teamwill explore potential indicator metrics through analysis and visualization of
existing datasets. The strengths and limitations of various metrics will be weighed using the
framework developed in Phase 1. Feedback to Phase 2 products will be used to guide final
indicator development in Phase 3.

Phase 3. Refine and finalize indicator

The Project Teamwill select and refine the final indicator by considering feedback to the options
presented in Phase 2. The final indicator metric and its visualization will be reported on the
Partnership Vital Sign Web Site. To connect the indicator to the broader community, indicator
results will include links to work by project partners. A final report will document indicator
construction methods and priorities for future enhancement. Protocols will document data
collection methods.

Table 1.Opportunities for public feedback inthe indicator development process.

Phase 1. Initial Scoping e Report released: Jan. 11, 2022

Identify indicator requirements, ¢ Online workshop: Jan. 13, 2022, 10 am — 12 pm
priorities, and candidate datasets e Public comments due: Mar. 1, 2022

Phase 2. Indicator Options e Report released: May 30, 2022

Explore indicator options through Online workshop: Jun. 7, 2022, 10 am — 12 pm
data visualization e Public comments due: Aug. 1, 2022

o Report released: December 20, 2022
e Online workshop: Jan. 4, 2023, 10 am — 12 pm

e Public comments due: Feb. 15, 2023

Phase 3. Finalize Indicator
Select and refine indicator

1.2.3 Outcomes

Two final project outcomes will directly fulfill the Partnership Vital Sign program needs: 1) a
report describing the initial floating kelp canopy area indicator and a framework to guide future
contributions and prioritize incremental improvements; 2) release of initial indicator results on
Puget Sound Info. If resources are available, the following additional products are prioritized for
completion:

- A peer-reviewed publication.

- Aninteractive web site and data viewer that presents the indicator in a user-friendly

format.

Our broad objective is to use the floating kelp canopy area indicator as an overarching
communications tool to integrate diverse local and regional scales of work and connect groups
that are often isolated from one another: tribes, local communities, agency scientists and
managers. The Project Team brings together unique perspectives, along with a shared
commitment to kelp stewardship and monitoring. Engagement begins with our bottom-up
approach for constructing the indicator based on local datasets. It will be amplified by the
Project Team, who participate in a number of formal and informal networks, including but not
limited to: Kelp Conservation and Recovery Plan implementers, the PSEMP Nearshore



https://vitalsigns.pugetsoundinfo.wa.gov/
https://vitalsigns.pugetsoundinfo.wa.gov/
https://www.nwstraits.org/media/2880/pugetsoundkelpconservationandrecoveryplan_public_review_draft_1219.pdf
https://pspwa.app.box.com/notes/362505588422?s=wgbl9zmrov2nd4qdor5iwvlnkckg6hac

Workgroup and Steering Committee, the Puget Sound Kelp Research and Monitoring
Workgroup, MRCs, state and federal managers, and academic researchers. Ultimately, our
approach to indicator development strives to provide insight into greater Puget Sound as a whole,
while also connecting directly back to the local scale to inform and inspire recovery actions
through protection, restoration, and adaptive management.

1.3 Scoping Questions

We formulated 5 primary questions to consider during indicator development. Each primary
question includes a list of related questions that continue to be articulated and added:

Who is the indicator for? How will it be used?
Examples of related questions:

e How do partners want to access data and results?

The indicator is limited to describing status and trends in kelp canopy area. What linkages are
most important?

Examples of related questions:
e Is additional conceptual model development needed? If yes, what? For whom?
e \What additional datasets and other kinds of information are top priorities for related

analyses? Key topics likely include stressors, management actions, and linkages to valued
species and human well-being.

What time spans should the indicator consider? Why?
Examples of related questions:
e What are the relative priorities and time periods for short-term and long-term assessment?
Why?
e Are short-term time frames preferred for management feedback. If yes, what time
periods?
e Are long-term time frames (decades and more) preferred for ecological studies and
understanding conditions prior to widespread non-native settlement?
e How should effort be allocated to historical vs current studies?
e Can past reconstructions give us insight into interannual variation, response to marine
heat waves and other conditions?

What geographic_assessment areas are important to consider? Why?
Examples of related questions:
e What management boundaries are most important to consider?
e What ecological boundaries are most important to consider?



https://pspwa.app.box.com/notes/362505588422?s=wgbl9zmrov2nd4qdor5iwvlnkckg6hac
https://pspwa.app.box.com/notes/392370151895?s=5f7aymlldxt4wqsfmcutmy3iz3h6l3ts
https://www.dnr.wa.gov/programs-and-services/aquatics/aquatic-science/kelp-research-and-monitoring-workgroup
https://www.dnr.wa.gov/programs-and-services/aquatics/aquatic-science/kelp-research-and-monitoring-workgroup

What metrics and data should be included in the initial indicator? The future indicator?
Examples of related questions:

e What monitoring techniques best meet indicator needs?

e When is it important to distinguish between the two primary canopy-forming kelp
species, giant kelp and bull kelp?

e What are the relative tradeoffs of data quantity and quality? e.g. if there are broad
datasets available but they have substantial uncertainty associated with them, how might
they add value?

We welcome comments at workshops, individual meetings and emails (nearshore@dnr.wa.gov).



file://///dnrfsoly110.dnr.wa.lcl/AQR_NEARSHORE/data/kelp/projects/kelp_VS_indicator_2021/initial_scoping/nearshore@dnr.wa.gov

2. Community Engagement

Developing a floating kelp canopy area indicator for the Puget Sound Vital Signs represents the
latest opportunity to build momentum and support for the broader goals envisioned in the Kelp
Conservation and Recovery Plan (Kelp Plan). Central to that vision is meaningful community
engagement realized through diverse participation, intentional outreach, and transdisciplinary co-
creation of knowledge. The Project Teamis committed to incorporating these values into the
indicator development process, while recognizing both the challenges and opportunities
presented by this approach.

2.1 Vision

Diverse participation in conservation researchis important for both ethical and practical reasons.
Conservation is ultimately about values (Borgerhoff Mulder and Coppolillo, 2005), and
engagement by a diversity of constituents in Washington State helps ensure marine conservation
reflects social values and has social legitimacy (Uffman-Kirsch et al., 2020). Diverse
participation also enhances the potential for success because projects with widespread
engagement are more likely to result in positive conservation outcomes (LeFlore etal., 2021). By
including representatives from state government, the Samish Indian Nation, community science,
and academia, the composition of the Project Team lends institutional diversity to the indicator
development project. We hope to further increase participation by holding public workshops and
public comment periods at each phase of indicator development (Figure 1 and Table 1). All
interested constituents are welcome to attend workshops and share comments, which will also be
made publicly available.

We know, however, that simply marking an event as “open to the public” is insufficient for
ensuring meaningful engagement, especially from groups typically excluded from region-wide
monitoring efforts. Thus, intentional outreach to citizen scientists/volunteers and Tribes is a key
element of the Project Team’s community engagement strategy for indicator development.
Citizen scientists and volunteers serving on MRCs advise local county governments and can use
indicator results as a communication tool to further expand engagement in coastal communities
across Washington State. The Tribes are the original stewards of the Salish Sea and continue to
steward their lands and waters. Evidence from prehistoric artifacts, historical sources, and
contemporary practices suggests Pacific Northwest kelp forests have a long prehistory as
sustainable social-ecological systems. Thus, the traditional ecological knowledge, subsistence
practices, and symbolic culture of the Tribal are essential contributions to kelp conservation in
Puget Sound (Naar, 2020).

Encouraging diverse participation and including diverse perspectives makes possible the last
element of the Project Team’s vision for community engagement: transdisciplinary co-creation
of knowledge (Mauser etal., 2013, Figure 2). Transdisciplinary integrated research represents a
departure from the traditional “way of doing business,” which tends to rely solely on Western



science (Johnson etal., 2016) and encourages specialization and knowledge silos (Campbell,
2005[1969]). But this approach holds potential for addressing complex societal challenges that
are beyond the scope of individual disciplines (Mauser et al., 2013; Kaiser etal., 2019). Our goal
is for diverse participation to promote the weaving together of diverse knowledges, such that the
indicator synthesizes data from state agencies, community/citizen science, and Indigenous
science.

Current Opinion in Environmental Sustainability

Figure 2. Framework for interdisciplinary and transdisciplinary co-creation of knowledge (from Mauser et
al., 2013).

2.2 Challenges and Opportunities

We recognize, however, that transdisciplinary, integrated co-creation of knowledge is a long-
term and challenging process. Given existing constraints, it is an aspiration that will more likely
be realized at the longer timescale and broader scope of the Kelp Plan. Indicator development
must fit within an existing framework with its own goals and objectives, process, and standards
and requirements (see Chapter 3). The two-year project timeline is also relatively brief from the
perspective of building trust between diverse partners, forging meaningful relationships, and
reconciling differences between perspectives and approaches (Kotaska, 2019). Finally, contrary
to the principles of co-design shown in Figure 2, the indicator project has already been designed
(i.e., framed, defined, and funded) to be consistent with the Puget Sound Vital Sign framework.



Despite these challenges, we want to acknowledge the many opportunities for enhancing
community engagement around kelp conservation that indicator development provides. Our
ability to co-design the floating kelp canopy area indicator may be limited, but we can strive for
co-production (Figure 2) by synthesizing different sources of data/information and collectively
determining the relevant timescale, geographic scale, etc. We also have the opportunity to
collaboratively develop a framework for community engagement that informs future projects in
support of the Kelp Plan. In other words, we want to lay the groundwork for the next iteration of
the co-creation of knowledge cycle (Figure 2) so that it includes both co-design and co-
production and moves us closer to our vision of diverse participation, intentional outreach, and
transdisciplinarity.

Community engagement in this project can therefore take many forms and be targeted at
different goals and objectives operating at different timescales and scopes. Direct engagement in
the indicator development project will necessarily be more narrowly defined to ensure
consistency with the Puget Sound Partnership Vital Signs framework. Direct contributions to
indicator development might include, but are not limited to:

e Sharing datasets to be included in the indicator;

e Suggesting priorities for the indicator to address, such as the time spans that the indicator
considers (for example, shorter time spans are often preferred for feedback to
management while longer time spans are preferred for cultural and ecological
perspectives).

e Providing guidance on how the indicator meets individual needs to understand how kelp
is doing and how it is changing.

The Project Teamalso encourages contributions that might not neatly fit within the narrower
boundaries of indicator development, but can be incorporated into the broader long-term project
of the Kelp Plan. Potential ways to engage atthis level include, but are not limited to:

e Contributing other information that enriches our understanding of indicator results and
could be referenced as additional information (e.g., additional datasets, cultural or
scientific studies, historical records, or other forms of knowledge);

e Defining measures of success to guide metric definition and later target setting (such as:
total abundance, habitat usage by valued species, cultural uses).

e Linking the indicators to actions that conserve and protect kelp.

e Communicating why kelp is important to you, your community, and Puget Sound and
articulating how floating kelp canopy area is linked to social-ecological well being.

Leveraging the reputation and reach of the Puget Sound Partnership Vital Sign program presents
an important opportunity to increase visibility and amplify communication around kelp
conservation and recovery. In a spirit of relationship and exchange, we hope that the intentional
and reflexive approach to community engagement in developing the floating kelp canopy area
indicator contributes to making the Vital Sign program itself more inclusive, participatory and
transdisciplinary.



3. The Indicator Framework

3.1 TheRole of Vital Signs and Indicators at the Puget Sound Partnership

In 2007, Washington State legislators established The Puget Sound Partnership (PSP) with a
mandate to restore and conserve a healthy Puget Sound ecosystem (RCW 90.71). The program is
directed to apply anecosystem-based management approach to achieve Puget Sound recovery,
which is defined through six statutory ecosystem recovery goals:

Healthy human population;
Vibrant quality of life;

Thriving species and food web;
Protected and restored habitat;
Abundant water;

Healthy water quality.

Like many other ecosystem management and recovery efforts, the Partnership uses ecological
indicators to guide ecosystem management and recovery efforts. A series of projects have
identified and refined the Vital Sign indicators of biophysical conditions and human wellbeing,
with the following milestones:

In 2010, the Indicators Action Team proposed portfolios of high-level Vital Signs and
associated indicators. In 2011, the Leadership Council adopted a set of indicators,
measures and 2020 recovery targets.

In response to a request by the Science Panel, the Washington State Academy of Sciences
(WSAS) conducted an independent review of the Vital Sign indicators and concluded that
there were “significant flaws and inconsistencies in the process” (WSAS, 2012). Key
weaknesses included: 1) the selection process lacked a conceptual model and framework,
2) a sufficient number of attributes were not measured; 3) the portfolio was skewed; and
4) insufficient attention was given to evaluating specific metrics.

In 2014, the Partnership completed the Puget Sound Pressures Assessment (McManus et
al., 2014). This study evaluated key biophysical vulnerabilities related to human behavior
and generated conceptual models to link pressures to indicators and recovery objectives.
To address the WSAS recommendations, the Science Panel and science program
completed the Indicators Evolution Project (IEP) in collaboration with the Puget Sound
Ecosystem Monitoring Program (PSEMP). This effort built on previous efforts to
improve the scientific validity of the selection process and the portfolio of selected
indicators (O’Neill et al., 2018).

In 2020, the Partnership collaboratively revised the Vital Signs, adopting 13 Vital Signs
and 34 indicators. Nineteen more indicators were flagged for future development. This
effort established the floating kelp canopy area indicator and identified understory kelp
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condition as a future indicator (McManus et al., 2020). These indicators were placed
within the Beaches and Marine Vegetation Vital Sign. Additionally, the 2020 revision
introduced the concept of Intermediate Progress Measures to link indicators to activities
causing changes and collective actions in response (discussed in the next section).

e In 2021, The Leadership Council initiated the process of updating recovery targets for
specific indicators when it approved new quantitative recovery targets for four indicators.

A schedule has not yet been developed for defining recovery targets for the remaining
indicators.

The Vital Signs are part of a system of related efforts to direct recovery actions and track
progress.

e The Action Agenda charts the course toward recovery by tracking regional strategies and
specific actions needed to recover Puget Sound.

e PSInfo is the Partnership’s online platform for monitoring ecosystem health, including
progress on the Vital Signs and Action Agenda implementation tracking.

e The State of the Sound is a biennial report to the Legislature on progress toward the
recovery of Puget Sound. The most recent report, released in 2021, found that “Puget
Sound is not doing well, but we see signs of progress.”

e Strategic Initiatives are regional priorities that have been emphasized in the Action
Agenda and funded through the National Estuary Program since 2012. Conservation and
recovery strategies for marine vegetation, specifically kelp, are included within the
Habitat Strategic Initiative.

e Implementation strategies are plans that describe a chain of outcomes that need to be
achieved in order to move toward Vital Sign targets. Implementation strategies have been
developed for a subset of the Vital Signs. Kelp conservation and recovery will be
included within the newly-designated Marine Vegetation Implementation Strategy.

The basic requirements for Vital Sign indicators are that they must be scientifically sound,
pertinent to regional ecosystem goals, reliable and practical to measure (O’Neill et al., 2018).
These requirements are similar to other indicator programs (ie. Niemeijer and de Groot, 2008;
Schomaker, 1997; NRC, 2000). The most recent Vital Sign indicator framework identified ten
criteria, grouped into four topics (O’Neill etal., 2018):
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e Conceptual validity
o Theoretically-sound.
o Responds predictably and is sufficiently sensitive to changes in a specific
ecosystem attribute.
e Dataand statistical properties
o High signal-to-noise ratio.
o Consistently measurable.
o Spatial and temporal variation understood.
e Feasibility
o Operationally manageable.
o Cost-effective.
e Management and reporting needs
o Relevant to management concerns.
o Responds predictably and is sufficiently sensitive to changes from specific
management actions.
o Linkable to scientifically-defined reference points and progress targets.

As a group, the portfolio of Vital Sign indicators should adequately assess and report on efforts
to recover Puget Sound (O’Neill etal., 2018). Key communications requirements for indicators
are to inform the public and policy makers about: 1) the state of the ecosystem, 2) progress
towards the desired condition and 3) the effectiveness of management strategies.

Existing Vital Sign indicators and the reporting platform provide further insight into indicator
requirements. Indicators are generally reported sound-wide, as well as within smaller geographic
assessment units. The majority of indicators assess changes over time in a metric, while the
minority, such as Toxics in Fish, compare levels of a metric to a threshold. For most indicators,
status tracks movement in relation to the target that was defined through 2020, while progress
tracks the direction of any trend.

The Vital Sign reporting platform prioritizes summaries. Each indicator is described in an
introductory paragraph, a single data visualization, and limited bulleted results. Three color-
coded symbols describe indicator status and progress toward its recovery goal. Additional results
are provided in supplemental pages, as well as links to other information sources.

3.2 The Partnership’s Conceptual Models and Causal Frameworks

Like other programs, The Partnership has emphasized the importance of conceptual models and
causal frameworks to understand relationships between ecosystem health, stressors, human
activities and management. The ultimate Partnership goal is to achieve a balance between human
use and environmental integrity. An example of a conceptual model is the Driver-Pressure-State-
Impact-Response (DPSIR) model (Figure 3). In Puget Sound, DPSIR models have been used in
many contexts to link biophysical indicators to factors considered in management.
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Figure 3. A cartoon of a Driver-Pressure-State-Impact-Response (DPSIR) causal framework illustrating the
links among indicators of ecosystemconditions (i.e., State and Impacts) with Pressures toecosystem health
and policy/strategy/management Responses (from O’Neill etal., 2018).

The Partnership’s use of conceptual models and causal frameworks has evolved over time. The
most recent Indicators Evolution Project (IEP) developed an overarching ecosystem recovery
model (Figure 4) that combined three independent frameworks in a generalized theoretical
description of Puget Sound’s social-ecological system (O’Neill etal., 2018). It also adopted
conceptual models that were previously developed for individual indicators or workgroups. To
address nearshore areas, the IEP included conceptual models (Simenstad et al., 2006) developed
by the Puget Sound Nearshore Ecosystem Restoration Project (PSNERP).
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Figure 4. Integrated conceptual model for ecosystemrecovery (from O’Neill etal., 2018). The integrated
model includes three embedded frameworks: the Driver-Pressure-State-Impact-Res ponse framework, the
EPA’s Essential Ecological Attribute Framework and the human wellbeing framework (from Harguth etal.,

2015),

In 2020, the Vital Sign revision project developed conceptual models for each of the new Vital
Signs using the Miradi Conservation Management framework (McManus et al., 2020). The
floating kelp canopy area indicator falls within the Beaches and Marine Vegetation Vital Sign
(Figure 5). The most up to date version can be viewed online here.
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Figure 5. The conceptual model for the Marine Vegetation portion of the Beaches andMarine Vegetation
Vital Sign, dewveloped as part of the Vital Signs Revision (McManus et al., 2020). The floating kelpcanopyarea

indicator falls within this Vital Sign. Zoom into the image to read text.

Related to conceptual models, in 2020 the Partnership structured indicators within a Progress
Measures Framework (Figure 6). The purpose of the framework is to identify natural and social



processes causing changes to the Vital Signs and the collective impact of multiple activities
toward reducing or mitigating the impact of those pressures. There are three types of measures:

e Activity Progress Measures —outputs of activities and programs.
¢ Intermediate Progress Measures —the cumulative results of activities and programs.
e Vital Signs and Indicators —the ultimate desired outcomes.
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Figure 6. The Partnership’s Progress Measures Framework. Progress measuretypes are shown with orange
headings. Related types of information ad assessmentare shownwith black and gray headings. Zoom in to
image to read text. (https://pspwa.app.box.com/s/3glesl2yknwzdsydagdkentxd2svjecmp)

3.3 Other Models that Link Kelp to Stressors, Management and the Ecosystem

Independent from the Partnership efforts, several recently released kelp-specific conceptual
models could provide additional insight into the ecosystem role of kelp, key stressors and
potential management responses, either for the indicator itself or broader Kelp Plan efforts.
Hollarsmith et al. (in press) defined a conceptual model for perceived direct and indirect
stressors in the Salish Sea based on expert interviews and literature review (Appendix 2). They
found variable consensus on the relationship between stressors and responses, and concluded that
local ecological, oceanographic and anthropogenic contexts and threshold effects drive stressor-
response relationships. They also identified priorities for future research. Hamilton etal. (2022)
applied an Ecosystem-Based Management (EBM) approach to kelp forest management and
identified 6 key principles for kelp forest EBM:
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Monitoring at biologically relevant temporal and spatial scales;
Assessing and addressing cumulative impacts;

Managing across spatial and institutional scales;

Co-management with users;

Employing rapid adaptive management and/or the precautionary principle;
Managing food web connections.

ok wbdpE

3.4 Otherregional efforts related to kelp in Puget Sound

In 2020, the Kelp Conservation and Recovery Plan (Kelp Plan) called for coordinated action to
protect and restore kelp in the face of documented losses in some areas and widespread concerns
(Calloway et al., 2020). The Kelp Plan s strategic goals generally align with the Partnership
Vital Sign goals. The Kelp Plan called for the addition of kelp indicators to the Vital Signs. More
broadly, it identified a widespread need to deepen understanding of the value of kelp to Puget
Sound ecosystems, to identify trends, to prioritize stressors, and to mobilize management
responses.

Some of the communication goals identified by the Kelp Plan could likely be addressed through
the floating kelp canopy area indicator. However, many aspects of the Kelp Plan fall outside of
the defined Vital Signs monitoring framework. Overlapping aspects of these related efforts could
be addressed through coordination between the targeted work of Vital Sign implementers and the
larger group of Kelp Plan implementers.
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4. Monitoring Techniques and Existing Data

4.1 Monitoring Techniques

Floating kelp canopy species are distinct from other kelp species because they have buoyant
bulbs and blades that float on the water surface. Because floating kelp canopies are visible from
the surface, a variety of ‘above water’ survey techniques are possible, especially remote sensing
and boat-based surveys. Above water techniques are generally more rapid and cover larger areas
than underwater methods, such as SCUBA. Underwater techniques are anticipated to be primary
tools for the future Vital Sign indicator understory kelp condition. Itis likely that some benthic
measures of canopy-forming species will also be included in those surveys, such as holdfast
density.

Remote sensing is an established tool for surveying and monitoring floating kelp canopies due to
its ability to efficiently describe spatial patterns in canopy area density and condition (reviewed
in Cavanaugh etal., 2021). The most common tools are passive optical sensors with coverage in
the visible and near infrared (NIR) portions of the electromagnetic spectrum because vegetation
reflects the incident radiation flux in the NIR region while seawater absorbs it (Jensen etal.,
1980). In locations where other features occur close to the kelp canopies, it is substantially more
challenging to use spectral characteristics to distinguish kelp from other features (i.e., land,
intertidal substrate, breaking waves, other vegetation species). A variety of image analysis
methods have been used (reviewed in Schroeder etal., 2019). Challenges related to remote
sensing of kelp canopy increase in severity from south to north along the west coast of North
America, due to more cloud cover, higher amplitude tides and currents, more complex
topography, steeper bathymetry, greater turbidity and lower sun angles (Cavanaugh etal., 2021).
The effects of currents and tides have been investigated most extensively (Britton-Simmons et
al., 2008), and can have profound impacts on the extent of visible canopy in portions of
Washington State. While the challenges in Washington State are greater, currents and tides have
been shown to have major, site-specific impacts on canopy estimates in California also
(Cavanaugh et al., 2021). Additionally, kelp forests tend to be narrow and lower density along
the steep fjord shorelines in Puget Sound, which further challenges detection in imagery.

The most common remote sensing platforms are satellites, fixed wing airplanes, and drones. In
Washington State, fixed wing platforms have been the most successful because they can be
deployed during narrow windows when low tides and slack currents coincide with calm sea state
during late summer. They canalso collect imagery with meter or sub-meter scale resolution.
Satellite platforms have longer revisit times (from days to weeks), which decreases the likelihood
of capturing imagery during narrow time windows with acceptable conditions. Another challenge
related to most existing satellite sensors is resolution; kelp canopies in Washington tend to be
narrow and close to shore, making them difficult to detectby Landsat and other sensors. New
satellite sensors, such as WorldView-2 may provide regional scale capabilities (Cavanaugh etal.,
2021). At the local scale, drones provide a promising new platform for collecting high resolution
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imagery, with the ability to capture approximately 1 km of shoreline per low-tide along Puget
Sound shorelines per low tide sampling event (Berry and Cowdrey, 2021).

At the local scale, small boats and other ground-based techniques can be highly effective at
capturing detailed observations. Boat-based and drone techniques have been employed
successfully at sites in greater Puget Sound (discussed in next section). Generally, the techniques
that have been most successful in greater Puget Sound fall into the regional scale and local scale
categories (Figure 7). A multi-scale monitoring approach with an emphasis on tools at the
regional and local scale is likely to be most effective in Washington State for monitoring kelp
canopies in the near term.
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4.2 Statusand Trends

Washington State is home to 22 species of kelp (Mumford, 2007; Calloway et al., 2020). Two
kelp species form extensive floating canopies, giant kelp (Macrocystis pyrifera) and bull kelp
(Nereocystis luetkeana). Giant kelp is limited to the open coast and the western Strait of Juan de
Fuca. Bull kelp is broadly distributed; it occurs in all of the oceanographic sub-basins throughout
greater Puget Sound, except Hood Canal. Floating kelp canopies grow along approximately 11%
of Washington’s shoreline, but are less widespread than understory kelp, which is found along
33% of the shoreline (Figure 8; Nearshore Habitat Program, 2001). Floating kelp canopies are
generally more abundant in areas with strong waves and currents, proximate to oceanic

influence.
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Figure 8. (A) understoryand (B) floating kelpdistributionin Washington State (Nearshore Habitat Program,
2001).

Giant kelp is a perennial species, the sporophyte phase living up to 9 years (Schiel and Foster,
2006). Bull kelp sporophytes are annuals, with very few plants surviving through the winter
following the spring/summer/fall growing season. These differing life histories suggest that giant
kelp is a competitive dominant, while bull kelp is ‘ruderal’, and thrives under disturbance
conditions (Dayton, 1985). Along the open coastand Strait of Juan de Fuca, bull kelp has shown
much higher magnitude year-to-year variation (Pfister et al., 2018). Despite evidence of life
history and ecological differences between the two species, the two species covaried positively in
their sporophyte abundances over hundreds of kilometers and decades, which suggests that
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environmental factors primarily drove their dynamics rather than competition (Pfister etal.,
2018). Both species have a microscopic gametophyte life stage for which little is known.

Among kelp species, abundance is positively related to relatively colder water temperatures and
higher nutrient concentrations at multiple life stages, and is often linked to large-scale climate
drivers (Dayton, 1985; Cavanaugh et al., 2012; Wernberg et al., 2012; Wernberg et al, 2016;
Pfister etal., 2018; Muth etal., 2019; Hamilton etal., 2020). Because cold sea surface
temperatures are often associated with increased nitrate, the separate role of each factor is
difficult to separate. Local interactions such as herbivory and trophic cascades are also associated
with patterns in kelp abundance (Graham, 2002; Watson and Estes, 2011; Smith etal., 2021).
Variation in abundance has also been associated with other physical conditions, notably light,
water motion, and substrate. Many human activities are known to impact kelp, including
development, agriculture, and forestry (Wernberg et al., 2019). Researchers have identified
factors including warming (Filbee-Dexter et al., 2016; Wernberg et al., 2019), eutrophication
(Moy et al., 2012), acidification (Connell and Russell, 2010), changes to community structure
(Steneck et al., 2013), and sedimentation (Rubin et al., 2017) as contributing factors that often
interact. There is a pressing need to identify the extent to which human activities are impacting
kelp forest condition.

Describing trends in kelp forests is difficult because kelp species generally show high seasonal
and inter-annual variability, and long-term data are lacking. In the most recent global assessment
of all kelp species, Krumhans| etal. (2016) determined that kelp abundances on Washington
State’s open coast were stable, however this result was limited by a lack of long-term studies.
The same study excluded greater Puget Sound from comparison due to insufficient data.

Local research and observations show that trends in floating kelp canopies are geographically
distinct within Washington State. Major concerns exist about floating kelp losses within portions
of Puget Sound. Traditional and local ecological knowledge from Tribes, residents, citizen-
science surveys and historical analyses suggest substantial declines in extent in some areas and
stability in other areas (described below).

Annual aerial surveys of the open coast and Strait of Juan de Fuca represent the longest-term
dataset of floating kelp canopies. These data show high interannual variability and stability over
the time span of decades (Pfister et al., 2018). Kelp dynamics between 1989 and 2015 were
strongly related to large scale climate indices. Climate index correlations showed that higher kelp
cover occurred when seawater was colder and more nitrogen rich. Further comparison to
historical maps along the Strait of Juan de Fuca showed that floating kelp canopy abundance

over the last century was generally stable, with possible minor decreases in bed area along the far
eastern shorelines, near Port Townsend.

Long-term studies in South Puget Sound and Central Puget Sound identified major declines over
more than a century; recent floating kelp extent represented 20% of the extent of all historical
observations (Figure 9). Many of the losses that were summarized in these studies were observed
locally, including the disappearance of bull kelp from the shorelines of Bainbridge Island over
the last 2 decades (observed by the Puget Sound Restoration Fund staff). Detailed temporal
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analysis within South Puget Sound showed that declines occurred throughout the time period,
rather than abruptly (Berry et al., 2021). Floating kelp remains common in areas with intense
currents and mixing, such as the Tacoma Narrows and Admiralty Inlet. Beds in other areas also
persist. This spatial pattern suggests that areas with intense currents and mixing could be refugia
from common kelp stressors. However, notable exceptions to this general spatial pattern
underline the fact that other factors also determine floating kelp canopy distribution.
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Figure 9. Comparison of the recentextent of bull kelpcanopies to the cumulative maximum of all recorded
observations in South Puget Sound and Central Puget Sound. The cumulative maximum extent was
synthesizedfrom historical data sources, including charts, surweys and(Berryetal., 2020, Berryetal.,2021).

In recent years, complex patterns of losses and stability have been observed. These data records
span a pronounced marine heatwave that occurred around 2013-2016 in Puget Sound
(Khangaonkar, 2021), and the timing and severity of declines and rebounds may be related to

local water temperatures. Additionally, sea star wasting disease may have indirectly affected kelp
populations through trophic interactions:
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- Within South Puget Sound, substantial declines occurred at all four of the beds monitored
by DNR between 2013 and 2019. At two sites, bull kelp disappeared and has not returned
(Berry etal., 2019; Calloway etal., 2020). Between 2018 and 2020, monitoring sites
were added in the Tacoma Narrows and Central Puget Sound. The data records for these
sites are not yet long enough to test for changes over time.

- Since 2015, citizen-science kayak surveys detected substantial kelp canopy losses at sites
near Mukilteo and Meadowdale in Snohomish County, without subsequent recovery
(more information available from Snohomish County MRC). Other areas monitored by
the MRCs were relatively stable during this time period, or dropped and then rebounded.

- Along the open coast and Strait, total canopy area decreased to half of its long-term
average in 2014, then rapidly rebounded in 2015 (DNR, unpublished data). The strong
rebound contrasts with persistent losses in northern California during this time period
(Rogers-Bennett and Catton, 2020).

- At DNR’snorthern aquatic reserves, floating kelp canopy declines were observed in
2014, followed by recovery. However, the timing of recovery was distinct; the sub-areas
proximate to oceanic influence and mixing began to recover in 2015, while increased
abundances at the Cherry Pt Aquatic Reserve were delayed until 2017 (DNR unpublished
data).

The Samish Indian Nation used aerial photography from the San Juan Islands to compare
estimates of kelp bed extent between 2004 (or 2006) and 2016. Results found that abundance in
2016 was 30% lower (Palmer-McGee, 2022). Over longer time periods, Traditional Ecological
Knowledge (TEK) interviews with fisherman suggested areas of change and loss.

It is important to link observations related to floating kelp canopy status and trends to both
stressors and management actions. Puget Sound experiences more human impacts and it may be
more sensitive to stressors because the water is naturally warmer and has longer residence times.
The Kelp Plan identified a compelling need to increase our understanding of kelp distribution

and trends, with the associated tasks of linking observations to stressors in order to drive
management actions. Identification of stressors and management actions are major future tasks to
be addressed through the Kelp Plan and related efforts.

4.3 Candidate datasets

As part of initial scoping for the floating kelp canopy area indicator, we identified two general
types of data and existing datasets that could be used to assess condition:

e Geographic assessment units
e Floating kelp canopy datasets

4.3.1 Geographic Assessment Units

Most Vital Sign indicators are summarized throughout greater Puget Sound, and also tracked
within spatial sub-divisions that capture meaningful differences in the indicator, such as
‘spawning per river’ for Chinook salmon. Selecting sub-areas for monitoring floating kelp will
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be important because floating kelp distribution and trends are known to be distinct within
portions of Puget Sound. For indicators such as kelp, that have widespread distribution and are
known to respond to local and regional conditions, sub-areas are generally based on prioritized
physical, biological and/or management factors. The total number of sub-areas is often limited
by sampling effort — a sufficient number of samples per sub-area are needed to characterize
status and trends.

This section summarizes a series of sub-area classifications that could inform the delineation of
floating kelp sub-areas. The challenge in defining sub-areas is to select a tractable number of
sub-areas for sampling that capture the most important spatial differences. Increasing the
resolution of the delineation allows for greater spatial discrimination, but usually also requires
greater sampling effort. While many individual delineations exist, there are clear commonalities.
One widely used sub-basin delineation (Figure 10) was created by the Puget Sound Nearshore
Ecosystem Restoration Project (PSNERP). We highlight commonalities and differences among a
variety of sub-area classifications (Appendix 1):

- The outer coastand the inland sea are often divided to capture marine vs estuarine
conditions (eg., TNC ecoregions). Two alternatives for the boundary are: 1) mid-way
along the Strait of Juan de Fuca (TNC and rockfish); 2) Cape Flattery.

- PSNERP excluded the outer coast because it was outside the project area,a common
approach for the Puget Sound Vital Signs. Based on species considerations, NOAA’s
Rockfish Recovery Plan placed the boundary of Puget Sound farther east, at the Victoria
Sill, near Port Angeles.

- The Kelp Plan adopted the rockfish recovery boundary because it was motivated by
rockfish recovery needs and concerns about kelp losses and stressors are lower along the
western Strait.

- Within greater Puget Sound, basic oceanographic processes are commonly captured by
sub-dividing the region into oceanographic basins at sills. In addition to capturing
oceanographic characteristics, sub-basins divide the study area into areas with similar
environmental characteristics and stressors.

- The classification of the San Juan Islands often varies among delineations, with three
main alternatives: independent, lumped with Georgia Strait or lumped with the Strait of
Juan de Fuca. The San Juan Islands have intermediate characteristics overall and strong
gradients. The north and south portions are more similar to adjacent areas in many
attributes than they are to each other.

- PSNERRP differentiates a small sub-basin around North Central Puget Sound, a narrow
waterway with high currents and intense mixing. Other classifications driven by physical
oceanographic considerations, such as Live Ocean, further discriminate similar areas of
high currents and intense mixing.

- Hood Canal, South Puget Sound and Central Puget Sound are frequently discriminated,
although the precise location of the boundary varies. Whidbey sub-basin and Saratoga
Passage are often lumped as a unit. Sometimes these areas are lumped due to sampling
considerations.
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- Watershed-based classifications like WRIA’s are important for considering salmonid
habitat. However, these classifications are less meaningful when extended into marine
areas.

- Sampling programs often strive to select similarly sized sub-areas, or to avoid small sub-
areas, in order to ensure a sufficient and balanced number of samples can be collected in
eachsub-area.

Figure 10. Sub-basins definedby PSNERP (https://salishsearestoration.org/wiki/Puget Sound Sub-basins).

In addition to sub-area classifications, some sampling programs employ site-scale spatial
frameworks at the approximate scale of kilometers of shoreline for collecting and summarizing
data. Some site-scale frameworks that exist in the study area and have been used for kelp
inventory and monitoring:

- DNRdivided nearshore areas within Puget Sound comprehensively into sites. These sites
form the basis of eelgrass monitoring in the Submerged Vegetation Monitoring Program
(Dowty etal., 2019, Figure 20). The initial delineation divided the -6 m bathymetry
contour into 1 km sections has been used for the Marine Vegetation Atlas and historical
studies of change in kelp over time (Berry etal., 2021). For eelgrass monitoring, sites
within extensive embayments were grouped into ‘flats’.
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4.3.2

The Washington State ShoreZone Inventory sub-divided the upper intertidal shoreline
based on geomorphic characteristics.

DNR’s long-term monitoring along the open coast, Strait of Juan de Fuca and Aquatic
Reserves divided the shoreline into map indexes that are defined by geographic features
such as headlands (described in next section).

Boat-based monitoring of floating kelp beds by the MRCs and DNR has defined sites for
repeated surveys (described in next section).

Floating Kelp Canopy Datasets

Floating kelp extent has been described using a variety of methods in Washington State (Figure
11 and Appendix 3). Surveys generally included two species: giant kelp (Macrocystis pyrifera)
and the bull kelp (Nereocystis luetkeana). Here, we identify a short-list of candidate datasets,
with a focus on datasets that cover broad spatial extents and/or multiple years and differentiate
floating kelp canopies from other kelp species. All of the datasets summarized here contain
spatial features, some also include tabular data. The most common spatial features are:

Canopy — the spatial extent of giant kelp or bull kelp stipes, bulbs and blades that are
floating on the water surface. Datasets vary in resolution and in the degree to which they
include kelp tissue floating on the water surface or just below the surface.

Bed — the spatial extent of nearby canopies, aggregated to include small gaps between
kelp floating tissues. Also called bed perimeter (MRCs) and bed planimeter (DNR).
Minimum thresholds for defining a bed vary among datasets. Additionally, rules vary for
inclusion of other features within the bed (i.e., rocks and other non-kelp features) and for
perimeter location (i.e. applying a buffer around the canopy).
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Figure 11. Candidate datasets that describe floating kelpcanopy extent. Two statewide datasets are not
included in this map: The ShoreZone Inventory and Fertilizer Investigations.

The only modern dataset that describes floating kelp statewide is the Washington State
ShoreZone Inventory, which surveyed the shoreline comprehensively over 6 years (1994-2000).
While the ShoreZone Inventory effectively characterized the presence of floating canopies over a
large area, the abundance information is generalized, which limits its ability to detect changes
over time. Within each ShoreZone shoreline unit, the proportion of the linear unit with
alongshore floating canopies is categorized as absent (0%), patchy (<50%) or continuous

(>50%). Small, low-density beds that were known to be present at the time of the survey in some
areas were missed.

DNR’s long-term monitoring along the Open Coast and Strait of Juan de Fuca (COSTR)
represents the longest and most consistently collected floating kelp dataset. The program has
conducted annual aerial photography-based surveys since 1989 (except 1993) during late
summer, the season of maximum floating kelp extent in the study area. This dataset has two
major strengths: 1) data collection and processing methods have been highly consistent
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throughout the temporal record; and 2) the aerial photography platform collected imagery during
narrow temporal windows with calm sea-state, low-tide and slack currents. Starting in 2011,
these methods were expanded to include DNR’s Aquatic Reserves, which have also been
surveyed annually. The most consistent and accurate data in these datasets are the tabular
summaries of canopy area and bed area, summed at the scale of geomorphically-defined
stretches of shoreline known as map indexes. The spatial data are less precise and accurate due
to spatial data processing methods. The spatial data could be substantially improved by re-
scanning the original hand-delineated maps. Annual survey data is processed through 2019, the
years 2020 and 2021 are being processed.

The Samish Indian Nation delineated beds using aerial photography in San Juan County in
2004/2006, 2016 and 2019. They additionally classified Skagit County shorelines in 2019 using
similar methods. To identify important fishing areas associated with kelp canopies over longer
time periods, the Samish Indian Nation employed Traditional Ecological Knowledge (TEK) to
delineate general areas with persistent beds by interviewing fishermen.

Two multiyear datasets have delineated floating kelp beds at sites using kayaks or small
motorized boats. Volunteers with Marine Resources Committees (MRCs) have delineated beds
since 2015 in the seven northern counties (Clallam, Island, Skagit, Jefferson, San Juan,
Snohomish, Whatcom). DNR scientists have delineated beds in South Puget Sound and Central

Puget Sound since 2013. For both programs, many of the sites have been monitored for a subset
of all years.

In South Puget Sound (SPS) and Central Puget Sound (CPS), recent comprehensive surveys
identified shorelines with floating kelp, which are uncommon in these basins (in 2013 and 2017
in SPS, and 2019 in CPS). Both surveys recorded floating kelp presence along the -6 m subtidal
bathymetry line, with a minimum threshold of a single individual. Both studies were paired with
a multi-decadal synthesis of diverse data sources to summarize the presence/absence of floating
kelp within 1 km shoreline segments. In SPS, the study noted presence, while in CPS presence
was further categorized into abundance classes, ranging from isolated individuals to wide beds.
These surveys may facilitate further targeting of Vital Sign work to the limited geographic areas
where floating kelp has been observed recently or historically.

One historical dataset comprehensively delineated floating kelp beds in 1911-12 for harvest as
fertilizer (Crandall, 1915). While this data source provides useful information on the location of
beds, studies by Pfister et al. (2018) and Berry et al. (2021) suggest that data completeness may
vary by region, and the surveys may have targeted large, accessible beds.
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5. Conclusions: Key Considerations for Indicator
Development

This section summarizes the key considerations that the Project Team compiled to begin the
process of indicator development (Table 2). Considerations are framed in terms of the broad
scoping questions outlined in Section 1.3.

Table 2. Summary of key considerations for each scoping question

Question Key Considerations
Who is the indicator for? | - Diverse audiences.
How will it be used? - Single simple figure for rapid communication.
- Detailed metrics that drill down into the data.
The indicator is limited - Linkages to stressors, managementactions, ecosystem
to describing status and components, human well-being.
trends in floating kelp
canopies. What linkages | - Additional conceptual model development may be useful as
are most important? part of indicator development or broader Kelp Plan work:
o A ‘kelp canopy centric’ model may provide insight.
o A simple model could communicate common
understanding.
o Advanced models could target additional actions.
What time spans should | - Short-term (years)
the indicator consider? - Long-term (decades).
Why?
What geographic - Sub-basins within Puget Sound.
assessment areas are - Include the open coast.
important? Why?
What metrics and data - Initial canopy area and bed perimeter area from DNR, MRC
should be included in the volunteers, Samish. What else?
initial indicator? The - Future: a plan for expanding metrics and data is needed.
future indicator? - Currently, resources for data collection and reporting are
extremely limited. The program must be scaled to match
available resources.

Who is the indicator for? How will it be used?

e Diverse audiences are interested in kelp condition, status, and trends. A single simple
figure would achieve rapid communication to a wide audiences. A single simple figure is
ideal for the indicator reporting platform. The PS Info reporting platform prioritizes
executive-level summaries of each indicator with asingle visualization. The system is
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optimized for rapid reporting to a broad audience, with provisions to link to additional
information sources.

In addition to producing a summary indicator visualization, additional metrics and
detailed visualizations could drill down into the kelp data with increasing temporal,
geographic and numerical detail.

Links to the independent web sites of the Project Team members would directly
communicate the work and perspectives of the contributing organizations and encourage
further collaborations.

In addition to reporting results, distribution of data could support further indicator use.
Because spatial data maintenance and distribution requires substantial resources, it will
be important to prioritize products and articulate the benefits of data distribution.

A gquantitative recovery target for the floating kelp canopy area indicator is not required
at this time. We anticipate that the Partnership will develop targets for all indicators in the
future.

The Project Teamwill seek out broad participation by requesting guidance during this
project and exploring interest in development of a framework for future engagement.

The indicator is limited to describing status and trends in floating kelp canopies. What linkages

are most important?

In order to drive conservation and recovery actions, it is important to link the kelp
indicator to stressors and management responses. This is a major undertaking that is part
of broader Kelp Plan work. It may be possible to identify and complete targeted tasks in
these areas within the floating kelp canopy area indicator development project.
Conceptual models exist for the PSEMP program, and the Beaches and Marine
Vegetation Vital Sign. Further development of conceptual models or other tools may be
needed to: 1) direct research and monitoring; 2) prioritize management actions; 3) deepen
public understanding. Is a ‘canopy kelp centric’ model needed?

The PS Info reporting platform provides information on the condition of the indicator.
The platforms also allows for text summaries on key stressors/pressures and management
actions.

The floating kelp canopy area indicator will be one component of many actions that
address the six strategic goals identified in the Kelp Plan (Calloway et al. 2020).
Coordination with the Kelp Plan implementers will be important.

A simple conceptual model could be a useful communications tool to simply convey
collective understanding of the system. More advanced models could drive research and
actions. The Project Teamis looking for further input on the relative priority of further
developing a conceptual model. The Project Team proposed addressing these topics in
the context of the needs of the Kelp Plan.

30



What time spans should the indicator consider? Why?

Separate metrics for short-term and long-term trends would allow us to track known
differences in the response of floating kelp over time within portions of Puget Sound.
Short-term metrics are often useful to assess management actions and short-term
conditions, such as weather events.

Long-term metrics can provide insight into changes from long-term baselines and
ecosystem impacts.

Data availability will likely drive differences in the construction of short and long-term
metrics. While recent data exist for an ongoing data stream, long-term trends assessments
are currently limited to several focus studies.

What geographic assessment areas are important? Why?

Vital Sign indicators track metrics related to condition, and most often consider changes
over time. Optimally, results are reported sound-wide, as well as within smaller
geographic assessment units.

Geographic assessment units are needed to capture known differences in kelp status and
trends among sub-areas in Puget Sound. Oceanographic sub-basins provide a commonly
used framework that reflects physical properties. The number of sub-areas and precise
boundaries differ in various classifications. Precise sub-area boundaries for the floating
kelp canopy indicator should be placed based on environmental considerations and
properties of the monitoring data.

Because trends in floating kelp may be distinct in areas with strong currents and mixing,
considering these areas independently would be desirable if resources permit.

Although the open coast is outside of the Vital Sign study area, inclusion of the open
coast in the floating kelp canopy monitoring data set is important for understanding
differential responses to environmental conditions and kelp trends across the landscape.
Compatible data exist along the open coast.

Should data collection approaches be prioritized that allow for analysis using different
area designations? Examples include ecological considerations and jurisdictional
boundaries.

What data should be included in the initial indicator? The future indicator?

A variety of metrics have been used globally to describe canopy abundance. Commonly,
canopy area assessments are implemented in two closely related, yet subtly different,
ways: canopy area (the surface area of water covered by all kelp tissues - stipes, bulbs
and blades), and bed area (an expansion of canopy area metric to encompass both the
individual plants and small gaps between individuals). We propose that the initial
indicator accommaodate data describing either plant area or bed area yet require
consistency in the measure used for analyses of changes over time, to maximize the
geographic and temporal scope of analyses using available datasets.
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Common approaches to summarizing data to consider in the short-term include: 1) area,
based on summaries of comprehensive data or extrapolation from sites; 2) frequency of
stable, increasing, and declining sites.

In the longer term, metrics that more fully describe abundance, density, biomass, depth
range, condition and other factors should be identified and prioritized.

The major challenge for this project will be to synthesize the distinct existing datasets
into a scientifically rigorous indicator. While the existing datasets provide partial
coverage of many locations within the study area, individual methods and sampling years
vary. These differences make it challenging to develop methods for reliably assessing
change over time. This will be particularly challenging because kelp is known to have
high interannual variability and time series data are limited.

The Partnership requires indicators to be scientifically sound, pertinent to regional
ecosystems goals, reliable and practical to measure. Some of these requirements may not
be fully met in the Phase 1 indicator that is developed using existing data. As part of
indicator development, the project will identify limitations and prioritize future
enhancements.

To guide future work, the project will identify key data gaps related to 1) spatial
coverage; 2) short- and long-term temporal coverage; 3) metrics; and 4) data collection
protocols.

Synthesis, update, and distribution of data require substantial resources, yet resources for
continuing work on the floating kelp canopy area indicator are extremely limited. An
important factor will be to develop an indicator that can be maintained with available
resources.
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Appendix 1. Conceptual Models
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Figure 12. Acartoon of a Driver-Pressure-State-Impact-Response (DPSIR) causal framework illustrating the
links among indicators of ecosystemconditions (i.e., State and Impacts) with Pressures toecosystem health
and policy/s trategy/ management Responses (from O’Neill et al. 2018).
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Figure 13. Integrated conceptual model for ecosystemrecovery (from O’Neill et al. 2018). The integrated
model includes three embedded frameworks: the Driver-Pressure-State-Impact-Res ponse framework, the
Essential Ecological Attribute Framework (EPA 2002) andthe human wellbeing framework (from Harguth
etal. 2015).
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Figure 15. The process conceptual model of the nearshore developed by the Nearshore Science Teamfor the
Puget Sound Nearshore Ecosystem Restoration Project (PSNERP) for assessing restoration of the nearshore
system(Simenstadetal. 2006). Relatedmodels were also developed for domain, organizations, change/action

scenario, and time variability.
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44



Appendix 2. Examples of Geographic Assessment Areas
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Figure 18. Ecoregions of western North America, defined by the Nature Conservancy (Floberg et al. 2004).

45



VA &
<3 =

1.7,

Figure 19. Sub-basins defined by PSNERP (https://salishsearestoration.org/wiki/Puget Sound Sub-
basins).
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Figure 20. DNR’s Submerged Vegetation Monitoring Program monitors eelgrass condition at s oundwide,
regional and site scales. Five regions were selectedto capture distinctconditions in portions of Puget Sound.
The number of regions was determinedin part by the need for regions to be large enough toinclude a
sufficient number of probabilistically samples for statistical extrapolation (Dowty et al., 2019).
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Figure 21.Basindescriptionin Live Ocean, a computer model simulating oceanwater properties. The sub-
areas are described as: “The ‘basins’ are generally deep with weak tidal currents. These are Main Basin,
Whidbey Basin, Hood Canal, and South Sound. The ‘straits’ connecting them are generally shallower,
narrower and have much stronger tidal currents, es pecially Admiralty Inlet and Tacoma Narrows.” (Live
Ocean https ://faculty.washington.edu/pmacc/LO/long_term_trends.html)
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Figure 22. The Delineation of Puget Sound for the Rockfish Recovery Planand the Kelp Conservationand
Recowery Plan (Calloway et al., 2020).
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Figure 23. Water Resource Inventory Area (WRIA) boundaries in the Puget Sound area. From
https ://www.eopugetsound.org/articles/water-resource-inventory-areas-puget-sound
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Marine Water Condition Index Scores for 12 Regions of Puget Sound

1999-2018
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Score
Admiralty Reachﬁ n i 25t0 28
Georgia Basin J 20to 24
South Hood Canal 16to0 19
Central Basin | 11to15
Bellingham Bay 0 | 7to10
Sinclair Inlet 8 W 3t06
Oakland Bay ] -2to2

South Sound -3to1
Elliott Bay 15 [ -7to-a

Commencement Bay [] -12t0-8
Whidbey Basin -16t0-13
Budd Inlet -20to -17

Regional Trend (1999-2019)

Georgia
. No significant trend asin
I Significant decline Bellingham
® ECY core station Bay
R
| e \\
L
N dhiralt M
<) Whidbey Basin
{

13
Sinclair [) C’%g \\l:llmtt =9Y
Inlej;’//%\f’) /e

South Hood Y
Canal e
Py )

ug” 7\j:f/',

N
Oakland B“Y/ South ‘/t\\( Commencement
=i Sound //‘ Bay

o
Budd Inlet \i

Figure 25. The 12 regions monitoredin the Marine Water Condition Index by the Washington Department of
Ecology. AccessedJanuary5,2022. https://www.epa.gov/salish-sea/marine-water-quality
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Appendix 3. Dataset Descriptions

Table 3. Volunteer Kayak Monitoring by Marine Resources Committees (MRC-kayak)

Spatial Extent:

Seven northern counties in Puget Sound that are within the Northwest Straits
Initiative (Clallam, Island, Skagit, Jefferson, San Juan, Snohomish,
Whatcom).

Candidate Initial: bed perimeter (polygons). Additional multiyear metrics could be
metrics for included.

initial V'S

Assessment Multi-year monitoring sites, most sites are at the approximate scale of 1 km
Units of shoreline (18 provisional locations have been identified as of January

2022, a consolidation of 42 locations where volunteers have conducted kayak
surveys)

Survey years

2015 — 2020 total, subset of all years at most sites. (2021 being processed)

Frequency

Annual

Methods

Kayak-based delineation of bed perimeter, with minimum thresholds for
inclusion of >5 m wide and <8 m between individuals (Bishop 2014,
updated 2020).

Volunteers collected data on other parameters recorded observations
following the monitoring protocol developed by the Northwest Straits
Commission (NWSC). The data is collected by volunteers through the
Marine Resources Committees (MRCs). Datasets are available through the
NWSC and individual MRCs. NWSC and MRC web sites:

- NWSC Kelp Monitoring

- Clallam County

- Island County

- Jefferson County

- San Juan County

- Skagit County

- Snohomish County

- Whatcom County

Methods and
Usage
Considerations

The Project Teamis working with the MRCs to identify appropriate multi-
year monitoring data, led by NW Straits and DNR. The initial dataset
considered for inclusion within the Vital Sign will be bed perimeter/area data
from sites with consistent multi-year surveys. It will be possible to expand
the number of sites and metrics over time.
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https://www.nwstraits.org/our-work/kelp-recovery/
https://www.clallamcountymrc.org/projects/kelp-bed-monitoring/
https://www.islandcountymrc.org/projects/bull-kelp-monitoring/
https://www.jeffersonmrc.org/projects/bull-kelp-surveys/
https://www.sjcmrc.org/
http://www.skagitmrc.org/
https://www.snocomrc.org/projects/marine-vegetation-monitoring/
https://www.whatcomcountymrc.org/projects/bull-kelp-monitoring/

Table 4. Kayak Monitoring by DNR in Central and South Puget Sound (DNR-kayak)

Spatial Extent:

Sites within Central Puget Sound and South Puget Sound

Candidate bed (polygons), minimum/maximum depth

metrics for

initial VS

Assessment 13 sites with historical or current floating kelp, sites span approximately 0.5 —
Units 1.0 km of shoreline.

Survey years

2013, 2017-2021 (South Puget Sound), 2018-2021 (Salmon Beach), 2020-
2021 (Central Puget Sound)

Frequency annual
Methods and Kayak based delineation of bed perimeter with handheld GPS. Minimum
Usage abundance for inclusion: single bulb. Maximum distance among individuals

Considerations

for inclusion in a single bed: 7 m.

At a subset of sites, assessed:
- density, percent cover and morphometrics at grid of points along
regularly placed across-shore transects,
- drone or fixed-wing canopy mapping.

Information:
- 2019 story map
- 2017 and 2018 monitoring report
- 2013, 2014 and 2016 monitroing report
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https://storymaps.arcgis.com/stories/96fc7e27353c4cc3872a0610881331dd
https://www.dnr.wa.gov/publications/aqr_nrsh_bullkelp_sps_2019.pdf
https://www.dnr.wa.gov/publications/aqr_nrsh_squaxin_bullkelp_1217.pdf

Table 5. Samish Kelp Canopy Surveys in Traditional Territory (Samish-TT)

Spatial Extent:

San Juan County (SJC), Skagit County (SC)

Candidate bed (polygons)

metrics for

initial V'S

Assessment Comprehensive delineation within the study area
Units

Survey years

2004/2006 (SJC only, Western portion in 2004 and eastern portion in 2006),
2016 (SJC only), 2019

Frequency Infrequent annual

Methods and Beds were delineated to encompass areas with floating kelp canopies
Usage (including gaps within the canopy and rocks) using on-screen digitizing of
Considerations | aerial photography.

Aerial imagery sources:

- 2004-2006 aerial photography: low-tide, color-infrared 9” x 9”
negatives collected during joint DNR-Friends of the San Juans
project. (Berry 2007). These photographs were originally used for
surface canopy delination using semi-automated classification of
spectral band data.

- 2016 aerial photography: 6 resolution color imagery collected by
Pictometry for San Juan County during May/June 2016. Variable tide
and current levels.

Information: Palmer-McGee 2021.

Table 6. Historical Kelp Forests in Samish Traditional Territory (Samish-TT)

Spatial Extent:

San Juan County (SJC)

Candidate Generalized locations of persistent kelp beds

metrics for

initial V'S

Assessment Comprehensive delineation within the study area

Units

Survey years | Generalized from approximately the past50-75 years.

Frequency One time

Methods and Used Traditional Ecological Knowledge (TEK) to delineate areas with
Usage persistent floating kelp beds. A nautical chart was delineated based on

Considerations

interviews with two tribal fisherman who have fished in the area for decades
and have nearly 100 years of combined knowledge of the waters surrounding
the San Juan Islands. Chart delineations were used to create ArcMap
polygons.

Information: Palmer-McGee 2021.
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https://storymaps.arcgis.com/stories/b9f979a547004c32a616b5319a6410c0
https://storymaps.arcgis.com/stories/b9f979a547004c32a616b5319a6410c0

Table 7. Synthesis of long-term floating kelp data in South Puget Sound and Central Puget
Sound (DNR - synthesis)

Spatial Extent:

Central Puget Sound and South Puget Sound

Candidate Floating kelp presence (tabular data related to linear shoreline units)

metrics for

initial VS

Assessment Comprehensive delineation within 1 km shoreline segments

Units

Survey years Late 1800s to 2019.

Frequency Synthesis of multiyear data

Methods and | Synthesized information on floating kelp presence from diverse data sources,
Usage including charts, harvest maps, habitat maps and scientific studies.
Considerations | Summarized presence/absence observations within 1-km linear shoreline

units. In South Puget Sound, analyzed changes over time. In Central Puget
Sound, summarized recent presence vs maximum recorded extent.

Information: SPS (publication, storymap), CPS (presentation)

Table 8. Shoreline survey of floating kelp presence (DNR-boat)

Spatial Extent:

Central Puget Sound and South Puget Sound

Parameters Floating kelp presence (linear data). Abundance classes (Central Puget Sound
only).

Candidate Comprehensive within study area

metrics for

initial VS

Survey years | 2013 and 2017 (South Puget Sound), 2019 (Central Puget Sound)

Frequency Infrequent

Methods and | Collected field observations of floating kelp presence by motoring along the

Usage shoreline in a small boat, in shallow water during low tide and slack currents.

Considerations

Summarized presence/absence by segmenting -6 m bathymetry contour.
Minimum threshold for detection: a single individual. In Central Puget
Sound, observations were further sub-divided to describe abundance, ranging
from isolated individuals to wide, conspicuous beds.

Information: SPS (report), CPS (presentation)
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0229703
https://storymaps.arcgis.com/stories/636b37a1b5f44105a485237e52adb651
https://cedar.wwu.edu/ssec/2020ssec/allsessions/51/
https://www.dnr.wa.gov/publications/aqr_nrsh_bullkelp_sps_2019.pdf
https://cedar.wwu.edu/ssec/2020ssec/allsessions/51/

Table 9. Long-term monitoring of the Coast, Strait and Aquatic Reservesusing Aerial
Photography (DNR-COSTR and DNR AQRES)

Spatial Extent:

Open coast and the Strait of Juan de Fuca to Point Wilson, Port Townsend
(COSTR).

DNR’s northern Aquatic Reserves (AR): Smith and Minor Island AR,
Cypress Island AR, Cherry Point AR (AQRES). Note: Protection Island AR
is included in the COSTR dataset.

Candidate Bed (polygons), tabular data summarizing canopy area, bed area, relative
metrics for density. In COSTR, estimates are sub-divided into giant kelp and bull kelp.
initial VS In AQRES, only bull kelp is present.

Assessment Comprehensive within study area

Units

Survey years

1989-2019 (COSTR), 2011-2019 (AQRES) Surveys from 2020 and 2021
being processed.

Frequency annual

Methods and Near-vertical low-tide color-infrared imagery is collected from a fixed wing
Usage platform during late summer. Imagery is projected onto 1:12,000 paper maps
Considerations | and kelp canopies are hand-delineated. Bed area is estimated by buffering

canopy data with a 20 m radius of association.

The hand-delineated paper canopy maps are scanned. Then tabular estimates
of canopy area and bed area are produced and summarized at the scale of
map indices (stretches of shoreline defined by geomorphic features such as
headlands).

A primary strength of this dataset s its consistency over a long time period:
the same person has collected and processed the imagery using the same
methods throughout the data record (Bob VVanWagenen, Ecoscan Resources).
A related weakness is that the methods have not been updated with advances
in spatial data collection and processing.

In the currently distributed dataset, the most accurate and precise data are the
tabular estimates of canopy area, bed area and RDI, summarized by map
index. The spatial data (bed polygons) are generalized features, and
processing techniques have changed with spatial processing technology over
the past 3 decades.

The spatial data (canopy and bed polygons) could be substantially improved
by re-scanning the original paper maps and re-constructing the multiyear
data.
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Table 10. Fertilizer Investigations

Spatial Extent: | Statewide

Parameters Bed (polygons)

Candidate Comprehensive

metrics for

initial VS

Survey years | 1911 or 1912

Frequency One time

Methods and Boat-based surveys delineated floating kelp beds for potential harvest.
Usage Features were buffered to be visible on 1:100,000 charts (noted in Rigg’s

Considerations

interim maps, Rigg 1912).

Two different observers led surveys in Washington. G.C. Rigg completed the
surveys in greater Puget Sound (east of Cape Flattery), with field work noted
during 1911 and 1912. W.C. Crandell noted beds during an August-
September survey on a 50-foot ketch from San Diego to Neah Bay.

While the investigation was state-wide, it is unlikely that the observers
comprehensively surveyed the entire shoreline, given the limited time
available and logistical considerations. Additionally, many areas may not
have been surveyed during optimal conditions. Comparison to other data
sources suggests that the observers likely targeted beds with harvest potential
(ie. large, accessible beds). The open coast data appears to be more
generalized than the Puget Sound data, which has led to excluding it from
analysis (Pfister et al., 2018). In South Puget Sound, a basin where floating
kelp is uncommon, the Fertilizer Investigation surveys appear to be
substantially generalized relative to other datasets, with fewer overall kelp
bed features and larger individual features (Berryet al., 2021).
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Table 11. The Washington State ShoreZone Inventory

Spatial Extent:

Saltwater shorelines throughout Washington state

Parameters Presence of bull kelp, giant kelp and other kelp species within
geomorphically-defined shoreline units (mean length 0.5 km) represented as
line features. Described as patchy (<50%) or continuous (>50%) along shore.

Candidate Geomorphically-defined shoreline segments,. mean segment length 0.5 km.

metrics for

initial VS

Survey years | All shorelines surveyed once between 1994-2000

Frequency one-time

Methods and Physical and biological shoreline characteristics were summarized in tabular

Usage format along the Mean High Water (MHW) shoreline, using imagery and

Considerations

observations collected during low tide helicopter surveys.

ShoreZone is the only modern dataset that describes floating kelp statewide.
While the ShoreZone Inventory effectively characterized the presence of
floating canopies over a large area, the abundance information is generalized,
which limits its ability to detect changes over time. Within each ShoreZone
shoreline unit, the proportion of the linear unit with alongshore floating
canopies is categorized as absent (0%), patchy (<50%) or continuous (>50%).
Small, low-density beds that were known to be present at the time of the
survey in some areas were missed.
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