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Presenter Notes
Presentation Notes
Monitoring examples, Salish Sea. Important for measuring health of shorelines, related to diversity, and beach functioning such as for juvenile salmon and the prey they feed upon. Community science, and the built environment.



Armor Impacts

Dethier et al. 2016. Multiscale impacts of 
armoring on Salish Sea shorelines: 
Evidence for cumulative and threshold 
effects. Estuarine, Coastal and Shelf 
Science.

Presenter Notes
Presentation Notes
In Puget Sound nearly 1/3 of shorelines are armored, with documented negative impacts on the flora and fauna that benefit from healthy intertidal beaches. In recent years there has been an emphasis on removing armor where practical, with the goal of restoring beaches to more natural functions. By monitoring the effectiveness of these restoration actions, we can provide guidance on their value to the nearshore ecosystem, and apply what we learn to future management scenariosConstruction impacts at Seahurst Park



Restoration Effectiveness?

Presenter Notes
Presentation Notes
The 2014 section during restoration



Armor removal and restoration at Seahurst Park, a site of longer-term monitoring

Impacts of Armor, and Restoration Effectiveness

Presenter Notes
Presentation Notes
What are our hypotheses about restoration and our ability to restore shoreline processes, structure, and function?Timeline, 2019Most of “Living Shorelines” I’ll be talking about, are armor removal, along with vegetation plantings, log placement, sediment nourishment



The Role of Science in Restoration
• Prior to restoration – Inform goals
• During project design – Incorporation of data
• Monitoring restoration – What works, what doesn’t

Feedback
Loop

Presenter Notes
Presentation Notes
Talk about spatial and temporal signatures



Online Database 
www.shoremonitoring.org

• Community scientist 
engagement

• Protocol accessibility
• Data upload and download 

in a centralized format
• Data visualizations



Protocols

• Twenty protocols 
available

• Eleven have data 
features including 
visualizations

Presenter Notes
Presentation Notes
Focus on five: beach wrack (percent, depth), logs (count, width), sediments (percent sand), vegetation (percent overhanging, count of fallen trees), and insects (density, taxa richness).Generalized linear mixed models



M
ap of Study Sites

Restoration Effectiveness

Restored

Armored

Reference

10 Locations

Presenter Notes
Presentation Notes
WSG funding: Total of 30 beaches - 10 locations, clusters of three restored-armored-reference strataRestored 1-11 years ago, average 4 years ago.Length of armor removed 30-549 m, average of 194 m.



A
nalysis and Interpretation

Summary of Statistical Tests: Darker Blue Colors are Greater

Toft et al. 2021. Effectiveness of living shorelines in the Salish Sea. Ecological Engineering.

Metric Armored Restored Reference
Beach Wrack

Logs and Riparian Vegetation

Wrack Invertebrates

Insects

Presenter Notes
Presentation Notes
Condensed to general metrics – beach wrack, inverts, etc – upper beach that is most impacted by armor.Shown are tests with significant results for strata of reference-restored-armored.Colors indicate specific differences, e.g., dark blue higher values than middle blue.Restored generally in between Ref and Arm – Wrack metrics are highest, some positive signs with inverts/insects.



A
nalysis and Interpretation

Shoreline Armor Removal Can Restore Variability

Des Roches et al. 2022. Shoreline armor removal can restore variability in intertidal ecosystems. Ecological Indicators.



A
nalysis and Interpretation

Length of Armor Removed & Additional Actions

Des Roches  et al. 2024. Shoreline restoration including armor removal and log placement affect ecosystem recovery 
through time. Restoration Ecology.

Presenter Notes
Presentation Notes
28 restoration study sites, before and after14 sites had vegetation planting, 7 log placement, 8 sediment nourishmentgeneralized linear mixed effect models 



A
nalysis and Interpretation

Armor Length Removed, and Log Placement

Presenter Notes
Presentation Notes
Only beach logs were affected by the length of armor removed, whereas wrack increased regardless of length.Placement of logs post-armor removal was an impactful supplemental restoration strategy, positively affecting not only the further accumulation of logs, but also the amount of wrack and gravel sediments.



Salish Sea Beaches

Much of the shoreline is supplied 
by actively eroding bluffs of glacial 
origin that feed sediment to 
beaches

Presenter Notes
Presentation Notes
Puget Sound, carved by glaciers, which left behind thick deposits of mixed sediment that were subsequently uplifted.  These deposits are highly variable in grain size/heterogeneity and erodibility.. But in general, they can easily erode, slump and slide.When they do, the active bluffs feed sediment to beaches, and help build beaches on the antecedent morphology – apply to climate resiliency, beach maintenance, SLR



M
ap of Study Sites

Coastal Landforms and Fetch

Presenter Notes
Presentation Notes
26 paired restored/natural, same shoretype. Restored for an average of 6 yearsFetch is the distance that waves are generated by wind (miles)



A
nalysis and Interpretation

Shoretype at Natural and Restored Sites

Toft et al. 2023. Coastal landforms and fetch influence shoreline restoration effectiveness. Frontiers in Marine Science.

Presenter Notes
Presentation Notes
Feeder bluffs had a higher proportion of surface sand and number of fallen trees than other shoretypes, coinciding with the erosion of bluff material, whereas natural pocket beaches within bordering rocky headlands had higher insect densities.Natural beaches did have higher measurements of overhanging vegetation, fallen trees, and insect taxa richness; these features likely take time to mature at restored beaches.Marginal means plotsSites with a large fetch had higher input of deposited wrack (depth) and logs (count), whereas sites with a small fetch had higher input from localized terrestrial sources – fallen trees and eroding sand



Restoring sediment supply 
processes at beaches with armored 
bluffs could double their ecological 
function.

Bluff restoration

Toft et al. 2023. Functions of Feeder Bluffs in the Salish Sea: Implications for Protection and Restoration. ESRP technical report

Presenter Notes
Presentation Notes
Summarized all metrics to compare with beach strategies single scoreNatural equal, regardless of their sediment supply rankingtwo times as high as armoredMost striking protect low – unarmored bluffs BS thinks not as important to sediment supply – high beach function



Key Messages

• Armor removal often effective at 
restoring close to natural levels.

• The length of armor removed can 
lead to increased response in 
some cases.

• Placement of logs is an effective 
Living Shoreline treatment.

• Shoretype and fetch can govern 
restoration response.



Next steps

• Current funding, grad student!
• More protocols, more fieldwork, 

more sites on restoration and 
protection.

• Sea level rise, landscape effects, 
timeline of monitoring?



Thanks!
tofty@uw.edu
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