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Presenter Notes
Presentation Notes
PSRF program info -> JESSI
Somehow segues into: “and one dimension of our marine restoration work is restoring the native kelp forest-forming species, the bull kelp Nereocystis luetkeana” 
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Presenter Notes
Presentation Notes
As we just heard, bull kelp forms forests that shelter fishes and invertebrates, buffer shorelines, cycle nutrients and carbon, and hold deep cultural importance throughout coastal Washington, making its significant declines of high concern.




Possible stressors:

Physical

Biological

& synergistic interactions

Temperature, nutrients, sediment

Grazing, competition

Presenter Notes
Presentation Notes
The direct cause of decline is unknown. It is likely a web of interacting stressors acting at once: physical ones, such as temperature, nutrients, and sediment, and biological ones, such as grazing and competition, and the synergistic interactions of multiple stressors act at once. Understanding the conditions bull kelp is experiencing is therefore an important piece of this puzzle.



Environmental monitoring

Presenter Notes
Presentation Notes
To better understand these potentially stressful conditions, we monitor environmental metrics at bull kelp beds all throughout Puget Sound, including sites where beds have been lost. This map shows these sites spread across the Strait of Juan de Fuca, the San Juan Islands, down through central and south Puget Sound. Of particular concern to bull kelp in our inland waters is temperature.



Presenter Notes
Presentation Notes
This violin plot shows daily maximum sea surface temperatures from summer 2025, the months when we see reproductive bull kelp sporophytes at the surface. On the x-axis are individual sites, ordered by median temperature from low to high. On the y-axis is daily high temperature in degrees Celsius. Each colored violin shows the distribution of daily highs at one site. The width at any height reflects how many days fell at that temperature, so a wide section means many days and a narrow one means few. Inside each violin, a box plot shows the median daily high with a horizontal line.
The general pattern we see here is that sites closer to the ocean tend to be cooler, and the farther inland you move, the warmer things become, with some exceptions.




bull kelp 
absent

Presenter Notes
Presentation Notes
What is particularly interesting is that the sites at the hottest end of this range, Wing Point and Jefferson Head in Central Puget Sound, and Squaxin Island here on the far right, are also the places where we have seen total or near total loss of bull kelp beds.�




Restoration through 
cultivation

Presenter Notes
Presentation Notes
There is strong interest in pursuing restoration of bull kelp through cultivation, or by growing kelp in places that it has been lost or is experiencing decline. In 2010, PSRF began developing lab-based cultivation techniques for bull kelp, and then in 2020 began experimentally planting in the water. In collaboration with Suquamish Tribe, Jefferson Head, one of those hot sites that lost its canopy, became our first restoration site. These photos show our divers stringing young kelp, grown in our kelp lab, onto longlines, and the kelp maturing on those lines.�



2020 20222021 2023 2024 2025

Presenter Notes
Presentation Notes
We have seen consistent success growing kelp at this site, that persists at the surface throughout the expected summer months, despite the historic loss and concerning temperatures in this place.



Cultivated kelp resembles wild populations

Presenter Notes
Presentation Notes
When we observe the kelp at the restoration site, we find that it closely resembles wild kelp beds. Here is an example of just one metric that we measure through close monitoring throughout the summer. This plot shows monthly mean sub-bulb diameter, on the y-axis. The restoration site is in orange, a nearby wild bed is in purple, and the wild source population that our seed came from is in green. Moving along the x-axis through the summer, the restoration kelp sits between the two wild populations, well within the range we would expect. We see this same pattern across many metrics, including bulb diameter, blade length, and blade thickness.



(underwater pic with fishes perhaps)

Presenter Notes
Presentation Notes
In addition to morphology lining up with wild kelp, The restoration site also supports a diverse biological community, similar to those at nearby wild kelp beds. This photo says a lot, with hundreds of fish sheltering in the cultivated kelp forest on this particularly clear underwater day.



Cultivated kelp reaches reproductive maturity each year

Restoration Geographic Reference Source Population

Presenter Notes
Presentation Notes
We also see that the cultivated kelp reach reproductive maturity each year! These photos show reproductive tissue, called sori, which form dark patches on the blades, at the restoration site, a nearby wild bed, and the source population.



Observed reproduction is limited

Presenter Notes
Presentation Notes
However, reproduction at the restoration site, measured as the number of blades per individual with sori, is depressed compared to wild sites. This plot shows the monthly average of blades with sori per kelp, with months on the x-axis. The restoration site, in orange, has consistently fewer reproductive blades than the wild populations.



Recruits!
● 33 in 2024
● 30 in 2025
● 53 in 2026

Presenter Notes
Presentation Notes
This is not to say the kelp is not reproducing! A huge win is that we are consistently seeing next generation recruits growing from the seafloor below our cultivation lines: 33 in 2024, 30 in 2025, and 53 in 2026. While we are not yet seeing enough recruits for the restoration site to be self sustaining, we see this as a encouraging step in the right direction. 



Expanding restoration efforts

Presenter Notes
Presentation Notes
So early success growing kelp in a particularly warm place that lost its kelp forest entirely is encouraging, and the benefits to the community, including supporting a diverse summer fish population, speak for themselves. We are now planting in many places around Puget Sound, including here at Squaxin Island. I'll pass it to Jessi to tell us more about what that effort looks like here.



Slide: Aurora O
ceguera
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Presentation Notes
Life stages enable kelp lab to work



Kelp seed bank: Germplasm Bank

• 25 Populations across 
Washington

• 2 Populations from South 
Sound

• Goal: preservation

Presenter Notes
Presentation Notes
35 donors from South sound across Day Island + Squaxin Island populations; 121 + 67 individuals across both populations

New kelp collected in 2026 in process of being added to existing Squaxin Island stock 



Photos: Sophie Schwager (PSRF)

Squaxin Island kelp bed

• Culturally important kelp bed

• Significant decline observed 2022

• Squaxin Island Tribe, DNR, + PSRF 

Presenter Notes
Presentation Notes
In 2022 in South Puget Sound, significant declines were observed at a kelp bed of significance to the Squaxin Island Tribe, offshore of Squaxin Island
> robust bed yielded only handful of individuals
> Squaxin Island Tribe, + Department of Natural Resources, + PSRF tapped to figure out reasons for decline and look to restore this kelp bed



2023-2025: 
Germplasm 
Seed

Presenter Notes
Presentation Notes
Germplasm bank enabled earliest seed production for Squaxin Island
> Used Squaxin Island seed to reproduce and produce sporophytes, which we transferred to the Tribe to be outplanted 
> Earliest years were learning: what would/wouldn’t grow, improving methods



Wild 
Sporulation

2025 + 2026:

Presenter Notes
Presentation Notes
In 2025, seed produced from germplasm bank was supplemented by seed produced by wild sporulation
> Tried and true method, takes wild bull kelp and seeds spores directly onto transfer substrate 
> Severely limited in what kelp is available during that season, but desire to grow something more significant than method testing
> Grew well! Included in 2026 seed, plus new method…



2026 and beyond
• New methods: pooled biomass

• Grow newly 
collected kelp

Photos: Sophie Schwager (PSRF)

Presenter Notes
Presentation Notes
… pooled biomass!
> Best practices from wild sporulation + germplasm culturing
> Release spores, grow them vegetatively into the off season, and then use to produce new kelp 
> Pictures from the kelp bed in 2026

Upcoming goals: use sorus collected from naturally recruited kelps this past summer to reseed
> best of new methods plus using what South Sound provides
> More discussions with team on how to make this happen Soon(™) 



Thank you!
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Name everybody
+ Kelp lab technicians, present and past: Jenna Inglese, Sofia O’Connell, Aurora Oceguera
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