Salish Sea Bull Kelp Restoration Research

Braeden Schiltroth, MSc. Candidate Bill Heath, Ph.D
Simon Fraser University Project Watershed




Kelp Forests

 Habitat + Foundation
 Nurseries

* Food source

e Blue carbon

* Cultural Importance
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Presentation Notes
Importance of kelp worldwide- foundational species

Kelp important locally/Salish Sea
Species found here- Macro/Nereo distribution in Salish sea?
Why bull kelp
Link to biodiversity/ correlation to salmon



Global Kelp Declines

* Australia * N California - over 93% reduction
* Regime shifts - tropicalization

* Range shifts - distributional limits
* Future conditions give turfs advantage

Connell and Russell, 2010
Wernberg et al. 2016 Image Courtesy of: M. Fredle-CDFW Aerial Surveys
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Declines in kelp globally, then local (community groups)
General climate change/anthropogenic effects (temp/pH) on kelp viability
Predator/prey interactions (one part of the problem-multitude of problems) (even w/o grazers, kelp may not survive-look globally) (affect different life stages) (can’t recolonize)-
Kelp forest provide one of the most productive ecosystems on the planet, and serve as nurseries, refuge, and habitat for colonization of a wide array of organisms.

However, around the world we have seen dramatic declines of particular species due to a culmination of stressors.



Salish Sea

e Nereocystis luetkeana - major
canopy forming species

e During summer months, the SST
in the Central Strait of Georgia is
5 or 6°C warmer on average
than the Strait of Juan De Fuca
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So, as we shift our focus to our Salish Sea there are some areas that are of particular interest to us.

This map shows SST from a warm summer day of last year, with data gathered from an infrared satellite (from NOAA’s JPL). You can notice this sort of “hot zone” is created within the central strait of Georgia. This trend is alarmingly common throughout the summer months and on average will have a 5 or 6 degrees difference  in SST compared to the western side of Vancouver island or the Juan de Fuca Strait.

Still kelp in some areas (optimistic)

Important to note that temperatures seen in California are even or even sometimes lower with the temperatures that we are seeing here.

The dots that you see labeled are sites that we have been monitoring and we are using some these for kelp collections for our studies.

Collections have been focused on Stanley park and French beach for evaluating Hot vs cold condition on kelp viability (talk more about this later)



Project Goals

1) Identify temperature limits for early
reproductive success in Nereocystis

2) Evaluate whether certain kelp populations
exhibit a resiliency to warm temperatures

* old idea, new ecosystem
* establishing best measures

3) Establishing/Continuing Restoration
* culture & monitor kelp performance
* self-sustaining kelp bed
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Due to these temperature readings- we want to look at…

Stress resiliency: -Has been usedh eavily in terrestrial landscapes with trees-drought, freezing tolerance. Also with corals-acidification
	   -We want to establish the best measures of stress resiliency and determine which are most indicative of tolerance 
 	   - also want to use molecular markers and vital stains to assess overall viability

Best stocks: - we have a great collaboration with Dr filipe alberto and his lab who are looking at genetic differentiation amongst out Nereocystis       	populations
                    -this will be extremely informative regarding how much variability exists within these populations and which ones exhibit similar genetic 	makeup.

Restoration: we also will continue our work with establishing restoration sites and continuing to monitor their success with our continually improving 	knowledge of preferred conditions






Restoration Sites
2011-17


Presenter
Presentation Notes
The kelp project started by NCES with diving logistic support from Rob and Amanda Zielinski of Hornby Island Diving. Two sites were used; a culture grid at Maude Reef and a reference site at Eagle Rock on southern Denman Island. 


Kelp Culture Grid, Maude Reef
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Schematic of the main culture grid at Hornby Island: consists of anchors, grid lines for attachment of culture lines, and mooring lines.


Growing Kelp

* Seeded spools of string
are wound onto the
culture rope and attached
to agrid

* Then we hope for the best!

* Monitored by SCUBA
every 2 months at the grid
and at the Denman kelp

bed
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Bull kelp at the Maude Reef grid site in early May 2014.
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Stress Resiliency

Most susceptible stages
Annual life cycle
Rapid recovery in cool climate

Suppressed recovery for up to two
year from warm climate

Canopy required to facilitate new
recruitment

Increased temperature may affect:

» early developmental stages
e sporophytic growth
 cellular/tissue maintenance

Graphic: Erika Mackay
Wernberg et al, 2010
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To start evaluating stress resiliency we need to understand the kelps life stages. The large sporophytic stage will Sori which are essentially packets of millions of spores. These sori will peel off of the fronds and fall to the ocean floor. When zoospores are release they will divide and develop into the male and femal gametophytes. Reproductive structures will eventually from and come together to once again give rise to the large sporophyte stage that we all can recognize.

The important thing to remember with this life cycle, Particularly with Nereocystis, is that it is an annual life cycle. This means that, for example, if we have an extremely hot year and spore production is affected, the whole system will be wiped out. This means that we can lose entire beds in the matter of a year. And this is a cause for concern.

Previous research has suggested that these temperature stressors can affect not only early developmental stages of kelp, but also sporophytic growth, and cellular/tissue maintenance.

So how can we go about finding which population are stress resilient?


Collections




Preparation



Evaluating Stress Resiliency In Kelp

* Quantitative measures:
* spore density
* germ tube formation/germination
* gametophyte formation
* viability

* Compare across populations/temp

* Does spore resiliency change as
season progresses?
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First we need to establish measures that we can quantify across populations. If you look at the image, these are the small spores which arise from the sori, and the tubes that you see are germ tubes. So almost immediately we can look at things like spore density and mobility, but also the percentage of those spores which germinate. Subsequently we can evaluate the percentage that from the gametophye stage and also monitor the growth rates of these germ tubes and gametophytes. We can also look or production of reproductive structures. Overall we are trying to get a measure of the overall viability of these different populations.

With these measures, we can evaluate different populations from both cold and warm sites and compare their viability in both ideal and stressful temperatures back at our growth chambers.

Another thing to monitor is if this resiliency changes throughout the season. That is, if we collect in September, will these spores be more viable than those collected in say, November?


Collection Dates
——Stanley Park SST
——French Beach SST
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Spore Density

* Difference in spore release
with warm SST

* 17°C appears to be
approaching the upper limit
for spore production

* Direct or indirect effect?

Millions of Spores per cm? of sori
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Production of additional spores could potentially be a  response to stress to ensure some survivorship


Germination

17.5°C

150C
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Conclusions

Salish Sea is exposed to different temperature
regimes throughout the summer

17°C appears to be the upper limit for spore
formation

At 17°C spore germination also decreases
significantly, whereas 20°C kills off spores

Warm conditions lead to shortened
reproductive season for Nereocystis,
potentially impacting recruitment

Can achieve good growth and reproduction at
restoration sites, but are unable to recolonize
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Sori production:  May to October in “cooler years” (esp. May-June) but none in warmer years. 
Sporophyte upper temperature tolerance:  18C over 30-35 days
Spore release:  drops off >17 C, but rises if lower temperatures return (Braeden  SFU)
Gametophyte upper  temperature tolerance: 23 C for 2 weeks (tom Dieck 1993)



Next steps: Urchin Exclusion Pens
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With support from Fisheries and Oceans Canada through the Coastal Restoration Fund (CRF), PW/NCES will experiment with sea urchin exclusion and density thinning as well as seeded kelp lines (using resilient parent stocks) to restore local kelp beds.
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