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Regional Declines in Puget Sound Benthic Communities

Washington State Department of Ecology

Marine Sediment Monitoring Team

Sandra Weakland Valerie Partridge Maggie Dutch Dany Burgess Angela Eagleston



Monitoring of Marine Benthic
Communities Reveals

• Species abundance and diversity changes.

• Chemicals measured do not explain distribution of 
benthic communities, spatially or temporally.

• Laboratory tests may be pointing out changes in 
biogeochemistry rather than toxicity from priority 
pollutants.



Why Benthos Are Important



Assessing the Condition of the Benthos



Baseline (1997-2003) vs 2nd Round (2004-2014)
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Declining Benthos Across Habitats



Benthic Index Over Time
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Systematic Change 
and Potential Indicators

Baseline (1997-2003)  vs               2nd Round (2004-2014)

Average Abundance of Parvilucina



Systematic Change 
and Potential Indicators

Average Abundance of Parvilucina
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Chemistry Results Do Not Correlate with Benthos



Toxicity Index
• Toxicity in urban areas less 

than anticipated

• Greater toxic response 
in terminal inlets, 
often in non-urban areas

• Low toxicity in transition areas

• Toxicity results not correlated 
with chemistry results



Summary of Findings

• Benthos declining over time

• Benthos  are adversely affected in terminal inlets

• Increase of pollution/hypoxia tolerant species

• Higher toxicity in terminal inlets 

• Laboratory chemistry and toxicity tests do not correlate
well with the benthic community 

à No obvious answer



Spatial Patterns in 
Particulate Carbon 
and Nitrogen

Total Organic 
Carbon (mg/L)

Nitrogen (µg/L)



Spatial Patterns in 
Sediment % Nitrogen



Sluggish Water Exchange Increases Human Burden on Oxygen
Model and Monitoring Results Agree

Eutrophication Indicators
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Modeled Depletion of DO by Anthropogenic Sources
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Model Predictions of 
Low DO Correspond with 
Affected Communities

Benthic Index
!( Adversely affected
!( Unaffected

Minimum Dissolved Oxygen
8.1 - 9.0
7.1 - 8.0
6.1 - 7.0
5.1 - 6.0
4.1 - 5.0
3.1 - 4.0
2.1 - 3.0
1.1 - 2.0
0.6 - 1.0
0.1 - 0.5
0.0

m
g/

L

Ba
d 

   
   

   
   

   
   

   
   

 G
oo

d

0
10
20
30
40
50
60
70
80

1 2 3 4

%
 A

dv
er

sl
y 

af
fe

ct
ed

 
be

tn
th

os
  s

ite
s

Minimum DO (mg/L) from model output 

1 or less1 or Less            2                   3                    4



What Does It Mean for Future

Roberts et al., 2014

Average DO 
Depletion (mg/L)

0.00 - 0.10
0.11 – 0.20
0.21 – 0.50
0.51 – 0.80
0.81 – 1.10

2070s Human Sources and Ocean 
Conditions – Average regional 
depletion with future circulation 



Questions ?

sgei461@ecy.wa.gov
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