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Dethier et al. 2016. Multiscale impacts 
of armoring on Salish Sea shorelines: 
Evidence for cumulative and threshold 
effects. Estuarine, Coastal and Shelf 
Science 175:106-117.





SEAHURST PARK
(2005 restoration)



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

The Role of Science in Restoration

Feedback
Loop



Juvenile Salmon

• Abundant prey

• Few predators

• Salinity acclimatization

• Outmigration corridor



Seahurst Park
Higher response dependent on elevation of armoring 
placement and restoration actions

Toft et al. 2014. Shoreline armoring impacts and beach restoration effectiveness 
vary with elevation. Northwest Science 88:367-375.









2016 Field Season

10 Locations

3 Strata

Restored

Armored

Reference



Summary of Statistical Tests: Darker Blue Colors are Greater

Not Significant: Wrack Eelgrass %, Wrack width, Wrack Taxa Richness, Insect Taxa Richness, Sediment 

Sand %, Beach Width (m), Beach Slope, Wrack Relative Encroachment to MHHW, Fallen Tree #

Metric Armored Restored Reference

Wrack Total %

Wrack Terrestrial %

Wrack Algae %

Wrack % Composition (new)

Wrack % Composition (old)

Wrack Depth

Log Number

Log-line Width

Log % Plant Growth

Wrack Worms

Wrack Amphipods

Wrack Diversity

Wrack Invertebrate Assemblage

Insect Total

Insect Diversity

Insect Assemblage

Relative Encroachment to MHHW

Overhanging Vegetation %



Restoration Trajectories

Two metrics increased with age 

of restoration:

1. Insect taxa richness

2. Logs with plant growth 

Both of these terrestrial 

associated metrics increased 

when beaches were restored 

greater than four years

* First discovery of surf smelt 

eggs at Bowman 5 years after 

restoration, at Cornet 2 years 

after restoration (NW Straits)



Restoration Trajectories
Similar response with meta-analysis of pre-post restoration data of 

5 biotic measures at 6 sites in Puget Sound

Lee, T.S., J.D. Toft, J.R. Cordell, M.N. Dethier, J.W. Adams, and R.P. Kelly. 2018. Quantifying the 
effectiveness of shoreline armoring removal on coastal biota of Puget Sound. PeerJ. 6:e4275.



Howarth Park – other sites with monitoring data



Howarth Park – Monthly sampling of the wrack line, post-restoration 
from June 2017 - October 2019 by Beachwatcher volunteers 



Howarth Park – other study sites in the vicinity



The PSEMP Nearshore work group recently compiled a list of 
sites that have had restoration and monitoring occur since 2005

Tracking projects - monitoring



Links to files: Summary, Excel file, Map

Tracking projects - monitoring



wsg.washington.edu/toolbox

An online resource that 
provides simple, affordable, 
and standardized 
approaches to monitor 
nearshore sites in Puget 
Sound

Shoreline Monitoring 
Toolbox



A resource to upload data from standardized protocols
Shoremonitoring.org

Shoreline Monitoring Database



Next Steps

• Data Analysis: Analyze and interpret data that have been 

collected using Toolbox protocols and database.

• Data Visualization: Develop a web interface to make outputs 

and queries interactive.

• Further develop database protocols: Incorporate an 

additional 3-5 protocols.

• Enhance online database functionality: Maintain and 

update database features, such as mapping of data sampling 

locations.

• Increase data expanse: Harvest older datasets to 

incorporate.



Next protocols, options

• Surface epifauna and algae: Many years of data and 

volunteer groups (low tide quadrat surveys).

• Physical: Beach profiles, sediment size.

• Epibenthic invertebrates: juvenile salmon prey, eelgrass and 

aquaculture datasets.

• Fish: Snorkel, beach seines, fish diets.

• Others…



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, S.H., J.R. Cordell, and J.D. Toft. 2017. Effects of shoreline armouring and overwater 
structures on coastal and estuarine fish: opportunities for habitat improvement. Journal of 
Applied Ecology.



1934 2014

• 2001 Nisqually Earthquake damaged the Elliott Bay seawall

• Waterfront needed reconstruction

– Do armoring and overwater structures impair fish habitat?

– Can we improve habitat along a highly modified waterfront?

Research & management opportunity: 
Reconstruction of a highly modified shoreline



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

OLYMPIC SCULPTURE PARK



Benches



Bumps



Initiated March 2018, post-
construction of Phase 1 seawall 
rebuild:

• Fish – snorkel, SCUBA, 
DIDSON hydroacoustic
camera

• Mobile invertebrates –
epibenthic pump

• Sessile invertebrates and 
algae - quadrats

• Light – Photosynthetically 
Active Radiation

Monitoring of the New Seattle Seawall



Juvenile Salmon
Chinook emphasis
• Numbers
• Feeding
• Invertebrate prey



Instagram – salmon.underfoot



Juvenile chum salmon



Juvenile Chinook salmon



Larval fish – often surf smelt



Bonus



(Tiny Bonus)



Preliminary results – encouraging!

• Improvements in juvenile salmon 
presence and feeding than before 
habitat enhancements.

• Fish predators on juvenile salmon 
extremely rare.

• Lots of bull kelp on areas with 
extended habitat bench – fringe 
benefits.

Strata Feeding %

Open Seawall 28%

Under Pier 24%

OSP Pocket Beach 29%

OSP Habitat Bench 32%



COLMAN BEACH – SEATTLE SEAWALL EDGEWATER – PRIVATE

Range of engineering

Lots – in front of seawall Little – remove and let it slide





When do we know if we’re making a difference?
Are there “thresholds” within Puget Sound, or specific 
to certain beach types and locations, etc?

Will it work? Broaden spatial and temporal scale



• Gradual natural slope 
better than artificial steep 
slope.

• Minimize artificial shading. 

• Increase aquatic-terrestrial 
connections.

• Monitor new ideas to 
measure how they work.

The 1-slide summary
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