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Estuaries are population centers
• Nearly 50% of the U.S. population live near 

estuaries

• Human populations have flourished around
estuaries and deltas since they were formed 
by sea level rise 5K-10K years ago

https://theharborandthehudson.files.wordpress.com/2010/12/aerial_photos_of_nj_new_york_harbor.jpg
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Estuaries!
• Highly biologically productive

Biological productivity

• Key for global carbon cycle
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Estuaries as bioreactors

http://oceanservice.noaa.gov/education/kits/estuaries/media/supp_estuar03a_marsh.html

• Estuaries Filter nutrients and pollutants 
from land

•Question: Is the Columbia 
River estuary a bioreactor 
for riverborne materials?
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Estuarine Turbidity Maxima
• Physical definition:  Persistent turbid region near the head of salinity intrusion 

in estuaries created by several physical processes.

• Biogeochemical definition: Persistent turbid regions that enhance particle 
degradation & accelerate organic matter respiration
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ETM animation - model



Bacterial productivity
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Bacterial productivity model
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Empirical Model 
Predictions vs. 
Observations

Crump et al. (2017)
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Quadratic regression 
model predicted Bacterial 
Productivity  from:
• Turbidity

• Temperature

• Intermediate salinity

• River chlorophyll a

Suggests BP depends on
• Particle concentration

• Organic matter quality



Predicting Bacterial Productivity

SATURN-01



ETM trapping ~ doubles BP in summer

BP predicted without excess particles
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Daily integrated model results for 2012
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Calculated hourly 
integrated BP from:
• Modeled temperature
• Modeled salinity
• Modeled turbidity
• Measured river 

chlorophyll



Suspended particle mass and river chlorophyll a
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mass ranges from:
1000 tons to
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Chlorophyll a:
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Conclusions

•Particle trapping in ETM can double bacterial 
productivity
•Bacterial productivity is enhanced during periods of 

low river discharge and high particle trapping
• Is the Columbia River ETM a bioreactor for 

riverborne materials?
• Yes - especially when river discharge is low and 

chlorophyll is high
• ETM bacteria respire 1% to 10% of river particulate 

organic matter annually



CMOP Team ETM
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ETM accumulate detritus and microbes from diverse and 
seasonally-varying sources, and, by extending particle residence 
time, ETM approximately double the bacterial productivity in 
estuarine channels, accelerate the remineralization of organic 
matter, and provide a stable environment for a genetically diverse 
microbial community with potential for broad metabolic 
capabilities.

River
Ocean
Estuarine
Low salinity bay 
High salinity bay

Organic matter and microbes:

Low/high sediment
concentration

Water flux

Sediment flux
Columbia River ETM conclusions



ETM = microbe mixing zone

Ocean species River species



ETM = microbe mixing zone

High-salinity
estuarine species

Low salinity
Estuarine species



Estuarine Classification

Freshwater flow 
scaled to size of 
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Tidal velocity scaled to mixing impact (Mixing #)



Estuarine Classification
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ETM gene enhancementParticle-attached fraction

Phytoplankton bloom 
utilization and DOM 
assimilation

Anaerobic pathways

Smith et al. 2013



Timeline of Bacterial Production
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Timeline of estimated POC turnover
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