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Living Shorelines



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.



Restoration Effectiveness?



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

Impacts of Armor, and Restoration Effectiveness



Juvenile Salmon
• Abundant prey
• Few predators
• Salinity acclimatization
• Outmigration corridor



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



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
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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
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Shoreline Armor Removal Can Restore Variability

Des Roches et al. 2022. Shoreline armor removal can restore variability in intertidal ecosystems. Ecological Indicators.
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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.
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Armor Length Removed, and Log Placement



Salish Sea Beaches

Much of the shoreline is supplied 
by actively eroding bluffs of glacial 
origin that feed sediment to 
beaches
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Coastal Landforms and Fetch
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Shoretype at Natural and Restored Sites

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



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





Key Messages (so far)

• 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.



New Directions: Eco-engineering

Increasing human-use constraints

Pocket beach 
w/vegetation

Habitat bench

Minimal overwater materials 
near shore

LPS

Raised pier 
w/fewer pilings

Textured 
seawall

Munsch et al. 2017. Effects of 
shoreline armouring and overwater 
structures on coastal and estuarine 
fish: opportunities for habitat 
improvement. Journal of Applied 
Ecology.



OLYMPIC SCULPTURE PARK

Toft et al. 2013. Ecological response and physical stability of habitat 
enhancements along an urban armored shoreline. Ecological Engineering.



Benches



Bumps



Monitoring of the New Seattle Seawall

“Overall, we found that juvenile 
salmon were distributed more evenly 
across a spatial mosaic of habitats 
following eco-engineering… 
enhanced ambient light penetration in 
nearshore under-pier habitats, and 
juvenile salmon use of these habitats 
increased concurrently.”

Sawyer et al. 2020. Seawall as salmon habitat: Eco-
engineering improves the distribution and foraging of 
juvenile Pacific salmon. Ecological Engineering

Sept 
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Juvenile chum 
salmon



Juvenile Chinook 
salmon



“UW Seattle 
Seawall 2021 
fish surveys” 
underwater 
videos on 
YouTube



Thanks!
tofty@uw.edu
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