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Abstract

Kelp forests provide multiple ecosystem services but face global declines. Losses have been triggered by a
combination of threats, including habitat degradation, pollution, marine heatwaves, climate change induced
temperature stress, and altered trophic dynamics. The extent to which kelp contributes to coastal resilience
remains poorly understood, which represents an important information gap for coastal managers trying to
safeguard ecosystem services in the face of kelp decline. This study aimed to determine the role of kelp in
coastal resilience in Alaska through a literature review and community discussions. The literature review
demonstrated that while some evidence exists on how kelp relates to coastal resilience, especially related
to ecological functions and services, there are substantial knowledge gaps surrounding coastal protection,
socioeconomic and cultural values, and food production. Discussions with community members to fur-

ther elucidate perspectives on kelp’s contribution to coastal resilience helped contextualize the breadth of
knowledge gaps, especially those related to coastal protection and habitat mapping. For example, it remains
largely unknown whether kelp provides coastal protection benefits in Alaska, and in most of the state’s
waters, information on the spatiotemporal distribution of kelp is lacking. Based on the literature review and
community discussions, we identified pressing research questions that can help fill these knowledge gaps
and guide future research inquiries regarding the role of kelp in conferring coastal resilience benefits in
Alaska.
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1. Background

When coastal resource managers and scientists consider ecosystems that provide coastal resilience benefits,
salt marshes, oyster reefs, and coral reefs typically come to mind. This is because it has been well-docu-
mented that these ecosystems can protect coastal communities and associated infrastructure by attenuating
wave energy and reducing coastal flooding (Bridges et al. 2015, Narayan et al. 2016, Chausson et al. 2020,
Temmerman et al. 2022). Kelp forests can likewise attenuate wave energy (Rosman et al. 2007, Rosman et
al. 2013) and — albeit to a lesser extent — reduce coastal erosion. Yet, these submerged vegetative systems
are not widely regarded as providing notable coastal resilience benefits (Morris et al. 2020). Given that kelp
forests face global declines from compounding threats like marine heatwaves, increased storm strength and
frequency, pollution, and habitat degradation (Krumhansl et al. 2016), synthesizing primary literature and
meeting with community members to understand the extent to which kelp forests can potentially contribute
to and can be used to bolster coastal resilience (e.g., provide nature-based solutions) is warranted.

The goal of this report is to determine how kelp in Alaska, United States (US) contributes to coastal resil-
ience. To meet this goal, we first reviewed primary literature on how kelp, in particular canopy kelps, in
Alaska relates to coastal resilience. Second, we met with Alaska-based community members to understand
perspectives on the role of kelp in coastal resilience. Third, we synthesized findings from the literature re-
view and community discussions to outline future research directions that will help enhance our collective
understanding of how kelp contributes to and can be strategically used to improve coastal resilience. We use
a broad definition of coastal resilience that includes not only coastal protection but also ecological functions
and services, food production through primary and secondary pathways, and socioeconomic and cultural
values.

2. Literature review

2.1. Methods
2.1.1.Search for articles

The search for articles was conducted using the Web of Science Core Collection. The search was scoped
during summer 2023, and the final search was executed on 3 January 2024. The search string was created
using Web of Science syntax. The final search string focused on canopy kelps:

Population terms: kelp* OR nereocystis* OR macrocystis* OR “submerged aquatic vegetation*”

AND

Coastal protection terms: wave* OR break* OR current* OR wind* OR flood* OR inundat™* OR “storm
surge*” OR erod* OR erosion* OR “coastal hazard*” OR storm* OR attenuat® OR mitigat* OR protect*
OR dissipat* OR dampen* OR stabiliS* OR trap* OR buffer* OR armour* OR armor* OR barrier* OR ac-
cret* OR adapt* OR breakwater* OR mediat* OR reduc* OR flow* OR hydrodynamic*

OR

Food production terms: aquacultur® OR maricultur* OR silvicultur* OR harvest* OR wrack* OR “food
product*” OR cultivat* OR planted OR planting* OR farm*

OR

Cultural and socioeconomic terms: aesthetic* OR touris* OR recreat® OR econom* OR social* OR
capital* OR livelihood* OR employment* OR job* OR income* OR security* OR credit* OR savings* OR
debt* OR poverty* OR expenditure* OR inflation* OR cost* OR housing® OR safety* OR health* OR edu-
cation™® OR skills* OR rights OR empower* OR governance* OR “traditional knowledge*” OR “traditional
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value*” OR “traditional ecological knowledge*” OR subsistence* OR “spiritual belief*” OR “religious
belief*” OR “generational connection*” OR heritage* OR “cultural heritage*” OR “cultural practice*” OR
festival* OR “sacred site*” OR “cultural identit*” OR viewshed* OR “view shed*” OR “good* and ser-
vice*”]

AND

Alaska terms: alaska*

Search results were downloaded as a .RIS reference file. All articles were screened first by title and abstract
for relevance and second by full text screening. We used the software Swift-Active Screener (Howard et al.
2020) for title and abstract screening. Each article was screened manually by one screener, and articles were
prioritized according to the Swift active-learning algorithm. Articles that passed title and abstract screening
were then screened at the level of full text.

To be eligible to pass screening and thus be included in the literature review, an article was required to
report on kelp in Alaska and either ecological functions, food production, socioeconomic and cultural values,
or coastal protection.

Using custom R code, we summarized the number of articles that were included versus excluded. For
excluded articles, we also summarized the exclusion rationale (e.g., not in Alaska, no kelp, no resilience
outcome). For included articles, we summarized the category or categories of coastal resilience that they
provided information about. We then synthesized findings across the selected articles into four categories:
ecological functions, food production, socioeconomic and cultural values, and coastal protection.

2.2. Results

The search for peer-reviewed literature in Web of Science returned 80 potentially relevant articles. Of the
80 articles, 59 were included (Appendix 1) during title and abstract screening, whereas 21 were excluded
(Figure 1; Appendix 2). Of the articles that were excluded, most were excluded because they did not relate
to coastal resilience (n=9) or did not report on kelp (n=9). Several studies (n=6) were excluded because they
did not take place in Alaska.

The included studies reported on a variety of coastal resilience topics ranging from ecological functions

and food production to cultural values and socioeconomic factors (Figure 3). The highest number of articles
focused on ecological functions associated with Alaskan kelp forests (n=38), followed by studies that report-
ed on more general ecosystem services (n=9) and secondary food production (n=6). Several studies focused
on socioeconomic aspects of resilience (n=4), primary food production from wild sources (n=4), and coastal
protection (n=4). A few studies reported on primary food production from mariculture (n=3) or cultural val-
ues (n=2). Brief summaries of key articles on the role of kelp in coastal resilience in Alaska follow.

2.2.1. Ecological functions

Kelp plays a key role in ecological functions, largely by providing habitat for a diversity of marine life in
Alaska. The literature base detailed how kelp can provide habitat for species ranging from spider crabs (Daly
and Konar 2010) and Pacific sand lance (Johnson et al. 2008) and Pacific octopus (Scheel 2002, Scheel and
Bisson 2012) to sea otters (Wolt et al. 2014). Kelp can be co-located near juvenile marbled murrelet nurser-
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place in Alaska.
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Figure 3. Number of articles by kelp resilience category. Some articles contained more than one resilience
category (e.g., multi-category), so articles can appear in more than one bar.

ies (Kuletz and Piatt 1999), and kelp wrack provides habitat for terrestrial arthropods (Sikes and Slowik 2010,
Ulaski et al. 2023). Kelp can act as a bioindicator for contaminants (Burger et al. 2007) and can help uptake
nitrogen from seabird guano (Wainright et al. 1998).

2.2.2. Food production

Kelp in Alaska contributes to food production through primary and secondary pathways. Primary pathways
include direct harvest of wild kelp (Johnson et al. 2019, Ulaski et al. 2020) and harvesting kelp as part of
mariculture (Stekoll and Else 1990, Stekoll et al. 2021). Secondary pathways include the presence of carbon
derived from kelp in benthic nearshore fishes that can be harvested (von Biela et al. 2016), and more broad-
ly through the food web subsidies provided by kelp, such as those that support trophic cascades (Estes et al.
2004). Some pathways are more blended. For example, when herring deposit their eggs on kelp blades, the
herring roe can be directly harvested but can also support larger predators within the food web (Surma et
al. 2018).

2.2.3. Socioeconomic and cultural values

Several studies described the socioeconomic and cultural importance of kelp in Alaska. For example, the hu-
mans that colonized the Aleutian Islands harvested kelp and depended on kelp because it provided habitat
for a variety of marine life (West et al. 2007). Present day Alaska Natives also conduct traditional and cul-
tural harvest of kelp resources (Johnson et al. 2019). Recent research suggests economic value and viability
associated with the sugar kelp industry (Heidkamp et al. 2022), hydrothermal liquefaction technology using
kelp (Rosales-Asensio et al. 2023), and in supporting herring egg production (Deriso et al. 2008).
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2.2.4. Coastal protection

Few articles discussed the role of kelp in coastal protection in Alaska. One article found that canopy-form-
ing bull kelp, Nereocystis luetkeana, can reduce current velocity (Hondolero and Edwards 2017). Hondolero
and Edwards (2017) conducted an in situ study in Kachemak Bay, showing that two different types of kelp
forests, those dominated by Nereocystis leutkeana and those with Eularia fisulosa, both reduced current
velocity, but the reductions in current velocity were minor compared to prevailing currents in the geograph-
ic area.

3. Community discussions

In addition to the literature review, we convened a series of discussions with community members, rights
holders, and subject matter experts to gather information on knowledge gaps related to kelp and coastal
resilience in Alaska. These informal discussions were intended to provide an additional source of informa-
tion to complement the literature review. Discussions were held both virtually and in person. We developed
discussion questions in advance to cover a breadth of topics. In some discussions, questions were skipped
because of time constraints or because the discussions moved in another direction. Below, we provide the a
priori questions, notes from community discussions, and synthesized discussion findings.

3.1. Questions for community discussions

We prepared multiple questions on the role of kelp and coastal resilience to discuss with community mem-
bers. These questions were developed by the project investigators. The questions were:

1. How do you rely/depend on/interact with kelp resources?
2. What are the core benefits you/Alaskan Communities gain from a healthy kelp forest?
3. What would be the community response if kelp was lost?
4. For each of the following, what would you say kelp’s role is in:
a. Coastal protection/infrastructure.
b. Food production
c. Socio-economic outcomes
d. Cultural heritage
5. How would you rank the importance of kelp to your local community on a scale of 1-10?
6. How worried are you about the impacts of climate change on your community, especially regarding
impacts to coastlines?
a. Have you considered what role kelp could play in these potential impacts?
b. If so, please explain more about what you see as kelp’s role. (might be redundant but good to rein-
force)
c. What aspects of your community do you see most at risk and which aspects of your community do
you expect to be able to adapt?
7. What are the critical knowledge gaps you see in understanding kelp’s role in a sustainable or resilient
future over the next 50 years?
8. What are the biggest obstacles towards using kelp to address coastal resilience challenges? (Coastal
resilience challenges were left open for interviewees.)
9. For restoration practitioners / resource managers:
a. What are the biggest obstacles for successful kelp restoration?
b. What factors do you consider when siting or planning kelp restoration?
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¢. How do you consider coastal resilience and coastal protection when planning or siting restoration?
10. For aquaculture practitioners / resource managers:
a. Describe the process that your organization uses to plan for aquaculture.
b. Do you consider multiple uses / multiple benefits when planning for aquaculture? For example, do
you plan for aquaculture in areas that require coastal protection (which kelp could potentially pro-
vide)?
11. What are the biggest gaps in our understanding of kelp spatial distribution (e.g., mapping)?
12. What products or services would be most helpful for your organization to help guide decisions / in-
form
practices?
13. Do you have any ongoing projects to research kelp?
14. Is there anything around this topic that you would like to share with us that we may be missing?

3.2. Summarized community discussions

We asked the prepared questions (section 3.1) to community members from a variety of sectors, including
academia, non-profits, industry, and government from 11 July 2023 to 18 August 2023. Some questions
were tailored to specific types of community members, such as those in industry or those in management
roles, and so were posed to select community members. Summaries of the notes from community discus-
sions follow.

3.2.1. Sitka Sound Science Center (Lauren Bell, Research Director)
Note: This discussion occurred virtually on 11 July 2023.

Question: How do you rely/depend on/interact with kelp resources?

- Alaskan communities directly depend upon kelp as a food source, and kelp is traditionally harvested.

- Kelp is harvested for herring roe but also for personal consumption of kelp material.

- Kelp is important for traditional communities because herring spawn on kelp.

- A variety of subsistence fishery species, such as abalone, shellfish, and crab, rely on kelp throughout their
life histories.

- There are rich oral histories related to how communities interact with kelp forests, including the “kelp high-
way hypothesis.” The hypothesis states that communities would kayak and harvest in the gap between
kelp and land because this area was calm due to the wave attenuation service provided by the kelp.

Question: What are the core benefits you/Alaskan Communities gain from a healthy kelp forest?
- Biodiversity is the key value that Alaskan Communities derive from kelp.

- Kelp also forms coastal nursery habitats and builds robust and complex food webs.

- Kelp is a valuable ecosystem that also supports resources that people use.

Question: What would be the community response if kelp was lost?
-If kelp is lost, a center point of biodiversity and the food web would be lost.

Question: What is kelp’s role in coastal protection / infrastructure?
-Kelp attenuates waves, which allows people to access coastal areas for subsistence and recreational activi-
ties, especially in the lee of the kelp.
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- Kelp likely plays a bigger role in southeast Alaska in providing coastal protection needed for water transit
rather than for coastal protection of infrastructure.

Question: What is kelp’s role in food production?

- Kelp mariculture is up-and-coming in Alaska.

- Kelp is a fairly minor subsistence harvest product for people internal to Alaska and the US, but there is a
potential for a kelp harvesting industry for export elsewhere.

- Several organizations harvest kelp for food, including Barnacle Foods.

- Kelp facilitates secondary production. For example, bull kelp is a key driver of bottom-up factors and a base
carbon source for primary and secondary consumers.

Question: What is kelp’s role in socio-economic outcomes?

- There is a massive tourism industry for kelp and the surrounding marine environment that includes kayak-
ing, wildlife viewing, and more.

- Kelp is used for herring spawn, and the associated socio-economic outcomes of selling that herring spawn
are not insignificant to coastal communities.

- Mariculture has growing socio-economic outcomes.

Question: What is kelp’s role in cultural heritage?

- Kelp is integral to the environment, which Tribal and Indigenous People feel strongly tied to. For example,
the Tlingit and specifically women of the Kiks.adi Clan are known as herring protectors. There is a saying
that “when the tide is out, the table is set” that shows the close connection between Alaskan Communi-
ties and marine resources, including kelp, as food items.

Question: How would you rank the importance of kelp to your local community on a scale of 1-10 (10 most
important)?
-7

Question: How worried are you about the impacts of climate change on your community, especially regard-
ing impacts to coastlines?

- Lauren’s dissertation showed that giant kelp will do well in southeast Alaska under expected warming and
acidification compared to subarctic kelps.

- There are many unknowns regarding future interactions between giant kelp and bull kelp.

- Lauren is concerned about impacts to the diversity of food sources available for consumers, as well as the
impacts to energy flow within coastal food webs.

Question: What aspects of your community do you see most at risk and which aspects of your community
do you expect to be able to adapt?

- There are serious concerns given that communities are so closely tied to marine resources.

- For example, commercial fishing plays a key role in livelihoods and will be negatively impacted unless the
fishing community adapts. The fishing fleet knows that they must adapt to ecological changes already
occurring but that process can be slow.

- Traditional practices and historical use of kelp ecosystems will change; with these changes, we would ex-
pect lost cultural practices, although communities may adapt.

- Individuals with fewer socio-economic resources will be most impacted, and this can particularly impact
subsistence practices.
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Question: What are the critical knowledge gaps you see in understanding kelp’s role in a sustainable or resil-
ient future over the next 50 years?

- It is not well understood how kelp fuels coastal food webs. While it is easy to see that kelp forests are bio-
diversity engines because of the habitat that they create, the food subsidy component is harder to see
and requires additional research.

- There is a lot of discussion right now about the role of kelp in carbon sequestration. This could be an area
of future research.

- Mapping the diversity of kelp forest ecosystems and how kelp helps facilitate biodiversity is a key to under-
standing the role of kelp in coastal resilience.

Question: What are the biggest obstacles towards using kelp to address coastal resilience challenges?

- A big challenge in southeast Alaska is access because giant kelp in southeast Alaska is in remote areas that
are understudied.

- Generally, the kelp forests that are accessible to research often have more pronounced human impacts
because they are accessible to all. For example, Lauren’s dissertation suggested that sea otter hunting
resulted in changes to kelp forests.

Question: What are the biggest gaps in our understanding of kelp spatial distribution (e.g., mapping)?

- Mapping kelp distributions is challenging because satellite imagery isn’t optimal and because there are
frequently overcast conditions. There are no on-the-ground mapping efforts that Lauren is aware of.

- There are several long-term surveys, such as Jim Estes’ surveys from the Aleutian Islands to southeast Alas-
ka, that include spatial data

Question: What products or services would be most helpful for your organization to help guide decisions /
inform practices?

- Mapping kelp spatial distributions is important for user groups thinking about coastal access and harvest-
ing locations. Maps would be most valuable with a high temporal frequency of data collection to maxi-
mize utility to user groups.

- There may be coastal protection and multi-functional restoration avenues and areas of exploration that
could be valuable for sandy beaches and back bays that are sheltered and do not currently have kelp.

3.2.2. NOAA Alaska Fisheries Science Center (Jordan Hollarsmith, Mariculture and Macroalage Lead Re-
search Biologist)

Note: This discussion occurred virtually on 13 July 2023.

Question: How do you rely/depend on/interact with kelp resources?

- There is a growing industry of mariculture and harvest of kelp on an industrial scale.

- People also collect herring eggs from kelp on a commercial scale, but there are also recreational and sub-
sistence components.

- Red algae is collected for subsistence and recreational harvest currently and since time immemorial.

- Many species, such as rockfish, abalone, and crabs, coexist with kelp, and so their secondary production is
important.

Question: What are the core benefits you/Alaskan Communities gain from a healthy kelp forest?
- There is an aesthetic value associated with kelp given its beauty and scenic aspects.

- Kelp is part of oral histories. Kelp has been used as a navigational tool for First Nations.

- Overall, there are strong connections between people and kelp.
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Question: What would be the community response if kelp was lost?

- Loss of kelp would be spiritually devastating.

- Data on kelp abundance are rare; anecdotal evidence is the main source of information. Data on kelp loss
are also limited. There has been giant kelp expansion in south-central Alaska.

- Historical ecology suggests that there have been shifts in kelp species abundance, but there are associated
caveats.

Question: What are the biggest gaps in our understanding of kelp spatial distribution (e.g., mapping)?
- Mapping kelp spatial distributions is very difficult. Spatial extent is a critical indicator of the ecosystem
health. Mapping is an important need.

Question: What is kelp’s role in coastal protection?

- There is a need to determine whether kelp, especially kelp farms, can reduce erosion or not. There is some
evidence for wave and current dampening in California, but there are questions about how this relates to
kelp beds in Alaska.

- There is erosion around muddy banks where a kelp farm that reduces erosion could theoretically help.
Inside waters have erosion mainly from tidal flow and mass wasting events. Most of the natural kelp is in
rocky areas that are not prone to erosion.

- South Central and South East Alaska have glacial inputs so are very silty, and this impacts kelp growth.
Growth of kelp to provide wave damping would require a different situation and directed effort. Green
infrastructure would require a directed effort.

Question: What is kelp’s role in food production?

- Families and individuals harvest kelp and red algae to eat. Direct take is common; kelp can be turned into
Nori, dried, and used as a topping. Kelp can be chopped and added to burgers.

- Mariculture is rapidly growing. A major issue will be scaling up the industry to be profitable. Barnacle
Foods is the best example to date.

- Kelp is harvested for herring roe, and most of the roe goes to Japanese markets.

Question: What is kelp’s role in socio-economic outcomes?

- Juneau has a lot of tourism but none of it has to do with kelp. Other areas, though, are likely different.

- There are aesthetic values associated with kelp.

- Juvenile salmonids also use kelp as important habitat, including as predation refuge, so there is a second-
ary production value.

Question: What is kelp’s role in cultural heritage?

- Historically, kelp was used as a navigation aid to indicate where food could be found. There are creation
myths that also reflect this.

- Kelp is an important part of stories, the feeling of belonging, and the feeling of home.

Question: What are the biggest obstacles for successful kelp restoration?
- There isn’t really an effort in Alaska to restore kelp, whereas there is in other areas like California and Salish
Sea.

Question: How would you rank the importance of kelp to your local community on a scale of 1-107?
-Juneau: 4 or 5
- Alaska overall: 6, given the role of kelp in supporting fisheries.
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Question: How worried are you about the impacts of climate change on your community, especially regard-
ing impacts to coastlines?

- There is extreme concern given that high latitude waters are rapidly warming, acidification is happening
rapidly, and there are additional stressors. From a kelp perspective, there are many unknowns about the
effects of climate change.

Question: Have you considered what role kelp could play in these potential impacts?
- There is a lot of enthusiasm about kelp’s potential to sequester carbon.
- Kelp could provide structured habitat to help ease climate change impacts.

Question: What are the critical knowledge gaps you see in understanding kelp’s role in a sustainable or resil-
ient future over the next 50 years?

- There are too many knowledge gaps. There are questions such as: what species use kelp (and during which
life phases), what is the current level of kelp biomass, how does kelp biomass enter the food web, what
is the role of kelp is in coastal protection, how does species composition changes over time, how does
carbon and nutrient cycling occur in kelp, and what are the interactions between kelp and harmful algal
blooms?

Question: Is there anything around this topic that you would like to share with us that we may be missing?
- Re: kelp and coastal protection - There is a need to document whether kelp has a coastal protection role in
Alaska, even if the hypothesis is that kelp doesn’t provide coastal protection benefits. If, however, kelp
is found to have a small role in coastal protection, that could potentially provide a big ecosystem service

because of the amount of kelp and the length of the coastline in Alaska.

3.2.3. Barnacle Foods (Lia Heifetz, Co-founder)
Note: This discussion occurred virtually on 25 July 2023.

Question: How do you rely/depend on/interact with kelp resources?

- Barnacle Foods’ business is built around sharing kelp and using foods accessible to people. They harvest
wild kelp but also work with kelp farmers to harvest farmed kelp.

- The business focuses on both wild and farmed kelp to make sure that their harvesting practice is sustain-
able.

- They also collect kelp data to inform ocean health and aquaculture. For example, they have conducted
aerial kelp mapping using drones for the past three years to map and quantify the abundance and distri-
bution of wild kelp.

Question: What are the biggest gaps in our understanding of kelp spatial distribution (e.g., mapping)?

- There is a big need for kelp mapping. Barnacle Foods has been conducting mapping in Alaska using drone
imagery.

- Mapping could help inform kelp farm siting and harvesting limits.

Question: What would be the community response if kelp was lost?
- Many communities native, rural, and indigenous communities depend on kelp for their livelihoods, fami-
lies, and foods.

Question: What are the core benefits you/Alaskan Communities gain from a healthy kelp forest?
- Kelp forests are vital parts of healthy ecosystems.
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Question: What is kelp’s role in socio-economic outcomes?
- Kelp provides important habitat for juvenile fish.
- Some individuals use kelp in their gardens as fertilizer.

Question: How would you rank the importance of kelp to your local community on a scale of 1-107?
- For Barnacle Foods - 10
- For local community - 6 or 7

Question: Have you considered what role kelp could play in potential impacts of climate change on your
community, especially regarding impacts to coastlines?
- Kelp may be a potential tool for climate mitigation.

Question: What aspects of your community do you see most at risk and which aspects of your community
do you expect to be able to adapt?

- Alaskan Communities interact closely with the natural environment through food and recreation, so chang-
ing climate could impact the way of life.

Question: What are the critical knowledge gaps you see in understanding kelp’s role in a sustainable or resil-
ient future over the next 50 years?

- Baseline data (e.g., maps) are missing. Maps are needed to help understand impacts that inform decision
making. Mapping would be most valuable if done before installation of kelp farms.

3.2.4. Sitka Tribe of Alaska (Chuck Miller, Culture and Community Liaison)
Note: This discussion occurred virtually on 9 August 2023.

Question: How do you rely/depend on/interact with kelp resources?

- Kelp has many different uses.

- The community harvests herring roe that spawn on kelp.

- Oftentimes, they roll up the kelp and eat it and the herring roe like a big sandwich.

- Elders have said that during the spring, they would bake king salmon in a beach oven lined with kelp. Bull
kelp bulbs were used to make hooks.

- Hair kelp can be used like a grappling hook.

- Black seaweed is harvested, dried, ground, and then eaten; it is a staple of the Tribal Peoples.

Question: What are the core benefits you/Alaskan Communities gain from a healthy kelp forest?

- Kelp helps everything from underneath to on top of the water. It creates an environment for other fishes
and animals that Tribal Peoples harvest. For example, kelp forests create habitat for sea urchins that they
eat.

- A healthy kelp bed creates areas where trollers can maneuver right next to the kelp bed to catch king
salmon. According to one elder, bigger or heftier king salmon tend to hang out by kelp beds, but not the
younger or smaller king salmon.

- In southeast Alaska, there is an issue with sea otter overpopulation. The sea otters eat so many abalone
and urchins that kelp forests thrive and often prevent Tribal Peoples from accessing normal harvest areas
around rocks and islands. For example, if a kelp bed is overgrown, then you have to go out and around
the kelp bed or else the boat prop will become stuck. If you’re in an outboard, you can raise the motor
up a bit, but the prop will likely still get stuck. Sometimes there are spots where you can cut through
nooks and crannies to avoid going outside of the kelp; this is important because you don’t want to go
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outside of the kelp in a small boat because of weather and seas in the Gulf of Alaska.

- In ancient days, people would paddle with canoes. There was a story about a man who got lost at sea with
two brothers in-law 300 years ago. They were taken out to the open ocean while hunting and a storm
came up. The storm was so intense that the men couldn’t make it back to shore safely. They ended up on
a Polynesian Island and had to learn how to navigate back. There is a part of the story where when the
men came back and were close to home, there was a place near town where they pulled bull kelp over
the thwarts of the boat to rejuvenate themselves because they were so tired. The kelp helped keep their
canoe in place and keep them warm.

Question: What would be the community response if kelp was lost?

- If kelp is lost, it would affect everything around it. In ancient days, they used everything around them.
Modern technologies have changed culture, and a lot of knowledge has been lost from one generation to
the next. Failure of knowledge transfer has impacted native people, along with trauma and white-wash-
ing. Alcoholism and disease wiped out knowledge bearers.

Question: How would you rank the importance of kelp to your local community on a scale of 1-10?
- 9 because a healthy kelp bed indicates a healthy sea with plentiful fish and abundance. If something hap-
pens to kelp and they start to disappear, it would indicate that there is something wrong with the sea.

Question: How worried are you about the impacts of climate change on your community, especially regard-
ing impacts to coastlines?

- Animals in the water, such as sea otters and harbor seals, require food sources in kelp beds. Sea birds tar-
get kelp beds, too, as do needlefish and other fish that king salmon and other large fish target.

- His mom and elders notice cycles. They have been experiencing huge landslides with loss of life over the
past multiple years. The landslides occur right up against the water. Sometimes they happen above kelp
forests.

- Black tailed deer rely on kelp because they eat kelp that washes up on beaches.

Question: What are the critical knowledge gaps you see in understanding kelp’s role in a sustainable or resil-
ient future over the next 50 years?

- There is a traditional story about Raven, who is the creator of everything in their culture. There was a time
when the tides were not allowed to go out. Raven and people were getting hungry. Raven needed his fa-
vorite food (sea urchins), and to get the urchins would climb down bull kelp in the water. Raven got tired
of doing this. There was a woman of the tides (similar to a witch), who Raven got mad at and grabbed
broken sea urchin shells and spanked her butt with it. He wouldn’t stop until she released the tides on a
regular basis twice a day since people were hungry. There is a regalia that depicts the Raven going down
into the sea with two bull kelps; the regalia have been passed down from relatives and are beautiful and
beaded.

- People need more education on kelp and why it is important. There could be a collaboration with the tribe
to help share this information and find oral histories and personal stories. There are a lot of Tribal Peo-
ples in southeast Alaska that would like to make their own kelp products like Barnacle Seafood.

Question: What are the biggest gaps in our understanding of kelp spatial distribution (e.g., mapping)?

- People should be educated about kelp. In science class growing up, they learned about how bull kelp can
make agar that can be used in makeup, ice cream, etc.

- It would be helpful to have knowledge of where kelp beds are located and whether they are expanding or
shrinking. He has noticed that there seems to be more kelp in some places and in others that there is
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no longer kelp but it was there before. It is important to understand kelp spatial distributions for people
who harvest kelp, as well as for people who boat around kelp (e.g., prop tangling - see above).

3.2.5. Alaska Ocean Observing System (Thomas Farrugia, Alaska Harmful Algal Bloom Coordinator)
Note: This discussion occurred in person on 14 August 2023 and did not follow all questions.

Question: What are the biggest gaps in our understanding of kelp spatial distribution (e.g., mapping)?

- AOOS has an ocean data explorer (data portal) that contains a variety of products. One of the tools that
they are working on would help with spatial planning and permitting for mariculture. They are actively
working on trying to make predictive layers that identify suitable areas for kelp mariculture.

- Data on kelp spatial distribution would be helpful for mariculture siting. A habitat suitability map would be
key to constituents AOOS serves. Any spatial data that would help know where to site farms would be
valuable.

General: climate and shifts in kelp resources

- Kelp is not seen as a limited resource, but there are conversations about how fish, invasive species, and
harmful algal blooms may shift with climate change.

- Change detection is important but also challenging since the coastline in Alaska is so extensive.

- There is increasing interest in understanding where kelp could be seeded in the future.

- Macrocystis has been appearing but not in enough quantities that people are thinking about using it for
commercial and recreational purposes yet.

3.2.6. Alaska Pacific University (Brad Harris, Professor)
Note: This discussion occurred in person on 14 August 2023 and did not follow all questions.

Question: What is kelp’s role in coastal protection / infrastructure?

- The Alaska notion of coastal protection is different than in many other places in the US because there is
comparatively little coastal development and it is such a high energy environment.

- There are concerns about coastal protection in some locations in Alaska, and there are opportunities to
understand how frequency and intensity of disturbances relate to kelp and whether kelp could help mit-
igate these potential impacts.

Question: What are the biggest gaps in our understanding of kelp spatial distribution (e.g., mapping)?

- Few locations have been monitored over time. Those that have had some monitoring are in proximity to
Kachemak Bay or are in southeast Alaska. Most kelp forests are completely unmapped, and this remains
a key information gap.

- Species distribution model (or similar) approaches could be considered to help understand kelp distribu-
tion, especially with covariates like red cucumbers.

- Understanding mechanisms associated with kelp forests is the biggest need. This could include natural dis-
turbance and energy in the coastal areas and how that relates to kelp presence and other metrics, such
as rearing grounds for juvenile commercial species.

- There are key linkages between kelp forests and rockfish. Rockfish are poorly assessed in kelp forests, so
this could be an avenue of future inquiry.
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3.2.7. Alaska Sea Grant (Davin Holen, Coastal Community Resilience Specialist)
Note: This discussion occurred in person on 14 August 2023 and did not follow all questions.

Question: What is kelp’s role in coastal protection / infrastructure?

- Most of the areas in Alaska that require coastal protection (e.g., western Alaska) may not be suitable for
kelp. This is because most of the kelp production is in the Gulf of Alaska where there is not as much
coastal loss.

-Although, in Kodiak there are some areas that are experiencing land loss, and kelp could potentially reduce
erosion.

- Southeast Alaska communities aren’t experiencing much erosion, but they do experience landslides.

Question: What is kelp’s role in food production?

- There is a big potential for kelp to produce food and provide jobs. Barnacle Seafood is demonstrating this.
Other areas like Cordova and Valdez might be suitable, as well as Port Graham and Kachemak Bay

- Communities in southeast Alaska, such as Sitka, harvest kelp with herring roe. This also occurs in Prince
William Sound. This provides ecosystem services and economic value for communities; for example, in
Sitka communities can harvest and sell herring roe.

- There may be synergies between kelp and shellfish that can be leveraged in mariculture operations.

- Kelp provides habitat for rockfish. There have been observations that juvenile rockfish are rearing inside
kelp mariculture farms.

Question: What is kelp’s role in socio-economic outcomes?
- Kelp is often used for fertilizer. This has been done by the Yakutat Tribe.

Question: What is kelp’s role in cultural heritage?

- Tribal Communities fish for rockfish, and rockfish use kelp as habitat.

- Kelp mariculture could provide income for subsistence economies, especially when there is a transition
away from a source like Caribou that are moving north.

- Commercial fishing income has declined, and in Kodiak commercial fishers supplement income with sec-
ondary sources like kelp mariculture. This works because the sectors operate during different seasons.

- Key research needs for kelp mariculture include where kelp mariculture can be sited, and where / how to
get the products to market.

- There could be values in siting kelp and shellfish farming side-by-side.

Question: What are the biggest gaps in our understanding of kelp spatial distribution (e.g., mapping)?

- Mapping kelp distribution is a definite need that would be very welcome. There is a lack of data, and kelp
maps would be a great benefit.

- Kelp maps would benefit the mariculture industry for siting farms in low conflict areas.

- Kelp maps would also benefit Tribal Communities looking to develop workforce capacity or business devel-
opment related to kelp.

Question: How worried are you about the impacts of climate change on your community, especially regard-
ing impacts to coastlines?

- Lack of employment is a driving issue, and climate change is impacting local communities, especially in the
aftermath of extreme events like typhoons.

- Green infrastructure is being tried and considered; however, challenges exist. For example, concrete mod-
ules and rip-rap breakwaters are too expensive. Communities have tried planting grasses, but in some
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places, there is 75-100 ft of land loss per storm. Kelp could potentially help mitigate these effects. In
Anchorage, nature-based solutions have been used along the Tony Knowles Coastal Trail; these include
seagrass planting and rock installations, both of which have been relatively effective.

3.2.8. National Park Service (Heather Coletti, Marine Ecologist)
Note: This discussion occurred in person on 14 August 2023 and did not follow all questions.

- Kelp is important for a variety of coastal species.

- There are indirect benefits of kelp production for a variety of reasons such as the creation of nursey habitat
for nearshore fishes, habitat for invertebrates that are a food source for shorebirds, sea otters and even
terrestrial species like bears, and an additional source of carbon for animals that thrive within coastal
regions.

- Monitoring and restoration, supported by the Exxon Valdez Qil Spill Trustee Council, in southcentral Alaska
is active and includes intertidal and nearshore sites, which may provide insight as to the role of kelps in
nearshore food webs.

Question: What are the biggest gaps in our understanding of kelp spatial distribution (e.g., mapping)?

- Mapping and inventorying resources, including kelp, is important, but change detection is even more criti-
cal. This is because change is happening rapidly in Alaskan waters, and there are limited baseline data to
detect or monitor changes.

- Offshore and subtidal kelps are a big knowledge gap. For example, sea otters are recolonizing, and there
are likely cascading effects in the subtidal ecosystem, but there are many unknowns such as what does
the coastal ecosystem look like when a keystone species has recovered? What does this indicate in terms
of coastal resilience?

- Fundamental mechanistic ecosystem research is still needed in Alaska.

Question: What products or services would be most helpful for your organization to help guide decisions /
inform practices?

- There are knowledge gaps related to kelp wrack subsidies and how wrack may boost invertebrate biodiver-
sity and biomass on beaches and shorelines.

- Inventorying and mapping the distribution of resources is key. NPS would use kelp spatial mapping prod-
ucts for multiple purposes, including change detection.

- Current intertidal monitoring efforts in some regions of Alaska could be expanded offshore to encompass
subtidal kelps and examine the relationship between intertidal and subtidal environments.

3.2.9. Kachemak Bay National Estuarine Research Reserve (Katherine Schake, Manager; Syverine Bentz,
Coastal Training Program Coordinator; Lauren Sutton, Research Coordinator; Jasmine Mauerer, Harmful
Species Lead)

Question: What are the biggest gaps in our understanding of kelp spatial distribution (e.g., mapping)?

- Understanding how to map kelp appropriately is a key knowledge gap, especially because of mariculture
interest. Potential methods include drone and ROV surveys.

- Determining ecosystem services associated with kelp is key and currently missing; this might be a more
critical need than mapping. There is an emphasis in Alaska on preservation and conservation rather than
mitigation and restoration.
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- There are potentially seed beds nearby that could be used to mapped over time and used to detect chang-
es.
- An umbrella approach could include mapping, change detection, and vulnerability assessments.

Question: What is kelp’s role in coastal protection / infrastructure?
- Kelp helps buffer coastal communities and could be used as baffling in harbors.

3.3. Synthesized community discussions

We synthesized community discussions broadly to highlight the state of the science related to kelp and
coastal protection, food production, socioeconomic and cultural values, and habitat mapping.

3.3.1 Coastal protection

It is largely unknown whether kelp provides coastal protection benefits in Alaska. Based on research in other
regions, it is possible that kelp does help mitigate coastal erosion and attenuate wave energy, but this re-
mains unexplored in Alaska. Understanding the role of kelp in coastal protection in Alaska is challenging be-
cause of the expansive rocky and high-energy shoreline, which might also suggest that kelp plays a minimal
role in erosion mitigation in most of Alaska. There is anecdotal evidence that by attenuating wave energy,
kelp creates a “lee” between the open water and shore that is used by coastal communities to harvest fish
and other species. There are areas in Alaska that experience land loss, and kelp could be explored as a po-
tential solution to help mitigate these losses, but this must be coupled with rigorous scientific evaluations.
There are multiple caveats, however. First, along some shorelines, kelp does not persist, so using kelp for
coastal protection would require significant changes to local ecosystems, which could have unintended con-
sequences and adverse ecological effects. Although, there may also be options to bolster kelp in locations
where it has persisted along particular shorelines, such as Jakolof Bay. Second, much of the land loss stems
from acute storm events; such storms might overwhelm the coastal protection benefits of kelp. Despite the
caveats, community members agree that key gaps remain in collective understanding of ecosystem services
provided by kelp, and the potential to provide coastal protection services is one potential service that could
be investigated. Even if kelp does not provide substantial coastal protection benefits in Alaska, community
members would like to know more about where and how kelp does or does not provide such benefits.

3.3.2. Food production

Kelp is harvested by Alaskan communities as a nutritious food source for individuals and communities.

For example, kelp is harvested, dried, and used as a food topping. Kelp can also be pickled, harvested with
herring roe, and used to make agar used in foods like ice cream. Additionally, the kelp mariculture industry
is rapidly developing in Alaska with bull kelp, sugar kelp, and ribbon kelp as the primary species being inves-
tigated for farming (NOAA 2024). While there has been success in farming kelp, it has been challenging to
develop economically viable products. Beyond primary production, kelp supports secondary production. For
example, kelp is key habitat for commercially and recreationally harvested species, such as salmon, rockfish,
and invertebrates. Kelp can also be used as fertilizer to support soil health and terrestrial food production.

3.3.3. Socioeconomic and cultural values

In some parts of Alaska, kelp plays a key role in tourism, as it supports recreational and subsistence access
to calm waters in the lee of kelp, supports charismatic megafauna like otters, and supports target fishery
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species like rockfish. Kelp has an aesthetic value and also a significant cultural value. Kelp has been used

by Alaska Native Tribal Communities since time immemorial and is intricately woven into oral histories and
Tribal stories. By playing a key role in ecosystems, kelp supports livelihoods and job opportunities. These job
opportunities may be expected to grow with the potential development of a broader mariculture industry.

3.3.4. Kelp habitat mapping

Understanding of kelp spatial distribution is lacking in the state of Alaska and was identified by community
members as a key need. Community members pointed to the lack of spatial information as a key informa-
tion gap but also wanted to set baselines to track interannual changes in kelp spatial distribution. Mapping
products are required for mariculture siting, resource assessments (e.g., rockfish, salmon), and to quantify
ecosystem services, for example. Multiple mapping techniques should be explored so that mapping can be
conducted in remote locations, as well as those that are more easily accessible. Mapping efforts could dove-
tail with additional in situ, long-term ecological monitoring surveys.

4. Future research directions

Based on the literature synthesis and community discussions, we have identified pressing knowledge gaps
and accompanying research questions worthy of future inquiry in Alaska. A number of key information gaps
were highlighted; most critically there was a general lack of spatial and temporal data on where beds ex-

ist. The ephemeral nature of kelp beds means that mapping data would need to be periodically collected

to allow for change detection and to best inform management decisions. Additionally, many regions also
have areas of persistent kelp beds, and it would be useful to identify those locations and document chang-
es in species over time, such as the potential spread of Macrocystis pyrifera in Alaska. Beyond this critical
baseline data gap, there were many outstanding questions about the ecosystem services kelp provides.
Discussions highlighted how Alaskan communities are intrinsically linked to their local natural resources and
how the limited scientific information available is concentrated on how kelp supports the ecosystems, food
production, and cultural services. Lastly, there are a number of questions related to kelp mariculture and the
socio-economic viability of that market. Future research questions that were illuminated by the literature
review and community discussions are highlighted below.

4.1. Research questions related to kelp ecosystem services

- What ecosystem services are provided by canopy and subcanopy kelp in Alaska?
- How do kelp ecosystem services compare in different geographic areas of Alaska?
- Which ecosystem services are most valuable to local communities?

4.2. Research questions related to kelp habitat mapping

- What is the most effective approach to map canopy-forming kelp?

- What is the most effective approach to map subcanopy kelp?

- What is the spatial distribution of canopy-forming and subcanopy kelp?

- Can habitat mapping approaches accurately detect change in kelp extent over time?

- How can advanced technologies and artificial intelligence be used to improve kelp mapping techniques?
- What are the priorities for kelp mapping (species-specific, location-specific, etc.)?

Untangling how kelp contributes to coastal resilience in Alaska: literature review and community discussions




4.3. Research questions related to kelp and coastal protection

- Does wave energy differ in coastal areas with and without kelp?

- Do areas with kelp experience less erosion than areas without kelp?

- What physical processes do canopy and subcanopy kelp alter and to what extent?

- What is the role of canopy and subcanopy kelp in coastal protection?

- Is there improved access for fisheries and other community uses in areas with kelp compared to those
without (e.g., calmer waters in lee of kelp)?

- Are there particular areas devoid of kelp that experience coastal land loss or erosion that could benefit
from kelp introduction?

4.4. Research questions related to kelp and food production

- To what extent do kelp mariculture and shellfish aquaculture facilitate one another, and what is the under-
lying mechanism?

- How should kelp mariculture be sited with regard to ecosystem function and seascape ecology?

- To what extent (abundance, biomass, temporal scale, spatial scale) do rockfish rely on kelp during ontoge-
ny?

- How do fish, invertebrates, and other species of interest use subcanopy and canopy-forming kelp during
their life history?

- What is the socio-economic viability of kelp mariculture?

4.5. Research questions related to kelp and culture

- How has kelp been used since time immemorial by Alaska Native Tribal Communities?
- What are the oral histories associated with kelp in Alaska?
- What is the cultural value of kelp to Alaska Native Tribal Communities?
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