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In January 2007 the Seattle Art Museum’s Olympic Sculpture Park (OSP) opened along 
Seattle’s urbanized Elliott Bay shoreline.  The park includes enhanced shoreline features 
designed to benefit juvenile salmon and other organisms.  A pocket beach and habitat 
bench were created in shallow nearshore waters, vegetation was planted in the uplands, 
and coarse-grained sediments and driftwood were placed on the beach.  These features 
replaced the relatively unproductive armored seawall and riprap shoreline, with a goal 
of increasing the number and diversity of fish and invertebrates.  Although natural 
functions of this urban, commercial shoreline cannot be completely restored to pre-
historic conditions, the enhancements created at the park have provided both public 
access and more natural functions than before. 
 

Reinforcements along OSP’s seawall segment were spurred by concerns about the long-
term seismic stability of the existing structure.  The seawall along Seattle’s waterfront is 
in need of replacement but at the time the City of Seattle did not have plans to replace 
the northern section for some years.  The Seattle Art Museum chose to address the 
seawall during the park’s construction rather than experience disruption after the park 
was created.  Reinforcement of some of the existing seawall along with the associated 
habitat enhancements cost $5.5 million, which was cost-effective compared to the 
initial estimate of $50-80 million to completely replace that portion of seawall.  OSP’s 
approach made it possible to include the shallow water habitat bench in front of the 
reinforced seawall, and also to excavate the new pocket beach from adjacent riprap. 

Photographs of the Olympic Sculpture Park Pre- and Post-Enhancement 

(a) Riprap and seawall armoring at the site before enhancement, (b) post-enhancement 
pocket beach at high tide (habitat bench is under water) and (c) habitat bench at low tide 
showing kelp on the outer margin. The pocket beach replaced riprap armoring, and the 
habitat bench enhanced the existing seawall. Dune grass and riparian vegetation were planted 
around the pocket beach, and vegetation was planted in the uplands above the habitat bench. 
Riprap seen in the foreground of the pocket beach in (b) and the seawall in the background of 
the habitat bench in (b) were sampled as reference armored sites. 



 

The site was monitored the year before habitat enhancements were created and three 
additional times across a five-year period after construction in order to measure the 
status and development of the shoreline enhancements, and to provide data that will 
inform future restoration efforts along this and other regional urbanized shorelines.  
The main goal of monitoring was to test if nearshore enhancement at the Olympic 
Sculpture Park has improved habitat for biota as compared to adjacent armored 
shorelines.  Sampling focused on providing information specific to usage by juvenile 
Chinook salmon, which are listed under the Endangered Species Act as threatened in 
Puget Sound.  We collected data on assemblages of fish, invertebrates, algae, and 
vegetation, and conducted sediment surveys and beach profiling.  Monitoring results will 
help us determine if shoreline enhancements along the urban waterfront provide 
beneficial habitat for nearshore biota, and if the physical structures (e.g., pocket beach) 
will remain intact without frequent beach sediment nourishment or stabilization efforts. 
 
Results from the monitoring indicate that the beach structure is relatively stable and 
there has been a rapid development of aquatic and terrestrial biota.  Many of our 
indicators of invertebrate and fish use measured in years 1, 3, and 5 post-enhancement 
have higher values (abundance, diversity, assemblages) when compared to the baseline 
conditions measured before enhancement, or the adjacent sections of seawall and 
riprap.  Monitoring is currently planned for year 10 post-enhancement (2016) to 
continue to assess biological and physical functions at the developing site. 

Overall Timeline of Monitoring Activities at the Olympic Sculpture Park 

 



 

 
This report summarizes Year 5 data taken in 2011 that builds on past pre-enhancement 
and post-enhancement monitoring.  Specific monitoring results are detailed for each of 
the measured categories below, followed by an overall conceptual model. 

 

Fish 
Snorkel surveys: Juvenile salmonids were most abundant in shallow 
waters, and were observed feeding at the enhanced sites.  There 
were higher feeding frequencies for juvenile Chinook salmon at the 

pocket beach shallow and habitat bench deep sites, and for juvenile chum salmon at the 
habitat bench shallow site as compared to riprap.  Densities were somewhat variable by 
year but whenever results were statistically significant, they showed higher numbers at 
enhanced sites: densities were higher at the habitat bench compared to riprap in 2011, 
equal at all sites in 2009, and higher at the habitat bench and pocket beach compared to 
riprap in shallow waters in 2007.  Larval fish in 2011 were also most abundant at the 
pocket beach and habitat bench with patchy occurrences of large fish schools, and their 
densities were significantly higher in 2009 at the pocket beach compared to riprap.  The 
larval fish category contained both larval and post-larval forage fish (e.g., smelt) and 
demersal fish (e.g., sculpin) types.  Both juvenile salmon and larval fish benefit from 
refuge areas in the nearshore that are created by habitat enhancement.  Potential fish 
predators of juvenile salmon were rare at all sites. 

Enclosure nets: Juvenile salmonids accounted for 99% of the fish captured at the pocket 
beach.  Chinook salmon consumed mainly chironomid and aphid insects, and amphipod 
crustaceans.  Chum salmon fed similarly to Chinook salmon, but also fed on epibenthic 
harpacticoid copepods. 

Aquatic Invertebrates 
Epibenthic invertebrates: Taxa richness in pump samples taken on top of the 
substrate from the low intertidal zone increased after enhancement and 
was highest at the pocket beach and habitat bench.  The habitat bench had 

high densities of harpacticoid copepods, amphipods, and overall epibenthic 
invertebrates, and the pocket beach also had high densities of harpacticoids.  
Harpacticoids and amphipods are crustaceans that are generally important prey for 
juvenile salmon, although the most abundant amphipod species at the sites was not 
common in fish diets and was also abundant at the riprap site. 

Benthic Invertebrates:  Pocket beach sediments have been colonized by diverse benthic 
invertebrates, including several taxa of amphipods and polychaete worms that were not 
present before creation of the pocket beach.  Densities and taxa richness were high 
from core samples, with a community shift away from amphipod crustaceans since the 
first year of restoration and toward more worms in the low intertidal, and more snails, 
springtails, and isopods in the high intertidal. 

 



 

 

Terrestrial Insects 
All planted vegetation at the enhanced sites had greater taxa richness, 
overall densities and hemipteran insect densities (mostly aphids) than the 
adjacent armored shorelines.  Thus, production of certain insects associated 

with vegetation has increased, while others such as dipterans (flies, e.g., chironomid 
midges) have not increased since enhancement.  Diptera and Hemiptera are both 
juvenile salmon prey items, and were common in neuston tows on the water’s surface 
at the sites. 

Algae Colonization and Planted Vegetation 
Aquatic algae: The habitat bench has been colonized with a diverse, dense 
growth of kelps and other algae, with eighteen species of green, red, and 
brown algae documented in 2011.  Overall percent cover was greatest in 

2011 at all surveyed elevations as compared to previous years and reached 100% at two 
of the elevations.  The number of kelp stipes was variable among years, consistently 
increasing at the habitat bench but greatest in 2009 at the deeper elevations of -3 to  
-6.1m. 

Terrestrial Vegetation: All measurements of understory and overstory 
vegetation percent cover in 2011 increased over previous years.  Dune grass 
patches had lower percent cover than other areas, and trampling continues to 

be problematic with dune grass flourishing only where it is protected by logs.  However, 
all dune grass patches did increase in overall area, cover, and shoot density.   

Physical Structure 

Morphology:  The year 4 and 5 monitoring shows that the beach continues 
to be relatively stable and is presently losing little sediment from the 
profile, although sediment regularly moves on the upper foreshore creating 

different profile forms and grain-size zonation.  The combination of tidal elevation and 
energetic wave conditions determine the zones on the beach most impacted by natural 
sediment transport on the beach.  The peak vulnerability to transport conditions is 
during periods of extreme high tidal elevation combined with storm conditions.  These 
conditions early in the winter can result in major reorganization of the beach sediments, 
and will likely become more frequent as sea-level rises. 
 
Sediment:  Digital grain-size analysis has been found to be a useful and efficient tool for 
monitoring the grain size on the upper foreshore of the pocket beach.  A continued 
increase in the fining of the surface sediment on the upper foreshore of the pocket 
beach is evident.  The larger material that comprised the former surface sediment 
seems to be moving downslope to the lower foreshore on the south side of the beach, 
and former surface material that is lost through anthropogenic means is unlikely to 
return to the upper foreshore. 
 
 



 

Conceptual Model of Olympic Sculpture Park Monitoring Results 

 

     Mean Higher High Water (MHHW): approximate high-tide line 
     Mean Lower Low Water (MLLW): approximate low-tide elevation 

 



 

Conclusions 
Enhancing armored shorelines in order to restore some natural conditions is relatively 
new from both design and scientific perspectives, and several conclusions from our 
study will help guide future efforts: 

(1) Nursery area for fish: Nearshore fish used shallow-water enhancements along 
armored shorelines.  More fish (juvenile salmon and larval fish, depending on the 
year) were at enhanced shorelines, often with higher feeding activity. 

(2) Foraging opportunities: Invertebrates that are prey for juvenile salmon and other 
fish colonized the low gradient, finer-grained intertidal habitats that were 
incorporated into the armored shorelines.  Most of these aquatic invertebrates 
increased in taxa richness and numbers after enhancements were in place. 

(3) Riparian value: Certain types of terrestrial insects increased in abundance and 
taxa richness where patches of shoreline vegetation were planted.  Vegetation in 
urban parks requires routine maintenance, so progression to a more natural 
riparian zone will be somewhat limited in this setting. 

(4) Connectivity: Linkages between aquatic and terrestrial zones are broken on 
heavily armored shorelines.  When artificial barriers are removed and aquatic 
habitats merge with terrestrial habitats, this provides the opportunity for 
biological and physical processes to reconnect across the ecotone. 

(5) Physical resilience: In heavily urbanized settings, habitat enhancements have 
limited ability to restore larger-scale processes such as sediment supply, and this 
may lead to the need for maintenance.  Human use of urban beaches can create 
some surface sediment loss and structural impact such that occasional 
maintenance and nourishment may be necessary. 

It is encouraging that enhanced shorelines can provide benefits similar to those at more 
fully restored shorelines, and shoreline enhancement should be a management goal in 
locations where larger scale restoration is not possible due to high levels of urban 
development.  In restoration planning, scientific research can be useful (1) prior to 
restoration in helping to define project goals, (2) during project design by incorporating 
data to optimize the likelihood of desirable ecological responses, and (3) after 
completion of restoration to document performance, to identify problems, and to 
provide critical information for adaptive management.  The Seattle seawall is scheduled 
for replacement starting as soon as 2013, and using the data collected on design 
elements at OSP should prove useful for planning other shoreline enhancements along 
this highly urbanized segment of Elliott Bay.  The habitat bench, pocket beach, and 
planted shoreline vegetation have all had beneficial effects, and these features along 
with other studied features such as textured and sloped seawalls should be 
incorporated into project designs.  Each of these design elements result in different 
ecological responses, and using a combination of shoreline enhancements would 
produce a more diverse community than that along the uniform seawall, riprap, and 
pier structures that currently exist along the urban Seattle shoreline. 


