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6 Urban Bays
• Bellingham Bay
• Pt 

Gardner/Everett H
• Elliott Bay
• Bainbridge Basin
• Commencement 

Bay
• Budd Inlet

Spatial Monitoring
• Baseline 1997-2003

• 2nd Round 2004-2014

• 10-yr regional and 
6-yr urban bay rotation

• Probabilistic, random stratified design

• Sediment Quality Triad = Chemistry, Toxicity, Benthos

8 Regions
6 Bays

2013

2014



Changes in Regions and Bays
Chemistry:  No change 

or slight improvement

Toxicity:  Increase in 
low-level toxicity

Benthos:  Increase 
in Adversely 

Affected

X

Chemistry

Toxicity Benthos

Triad:  Deterioration in 
overall sediment quality, 
driven primarily by benthos

√



Declines in Abundance, Richness
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2010
(n=30)

Bellingham Bay 2010
100% Adversely Affected benthos



1997
(n=18)

2006
(n=11)

2010
(n=30)Change 

Between 
1997
and 
2006?



Correlation of Benthos & Env. Variables

 Bio-Env (PRIMER) 

 Input Variables:  Metals, ΣPAHs, TOC, Grain 
Size, Toxicity Index, Depth

 Spearman correlation = 0.53 (all samples)

 Range 0.57 – 0.80 for individual regions/bays

 Top Variables:  Depth, Grain Size, Cd, 
Toxicity Index
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Feeding Guilds (Macdonald et al., 2012)



Mean Abundance of Major Feeding Guilds
by Regions/Bays
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Central Region

Surface 
Deposit 
Feeders

Strait of Georgia Region

Whidbey Basin
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Other Possible Mechanisms?
 Low DO in porewater and at sediment/water interface
 Ammonia/sulfides
 Changing pH
 Contaminants
 Point/nonpoint

 Contaminants of Emerging Concern

 Slow migration to deeper areas

 Delayed population-level effects

 Natural cycles
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