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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
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Biological productivity

Estuaries!
* Highly biologically productive
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» Key for global carbon cycle

Atmosphere

Permafrost 860 Pg C

soils

Terrestrial
2,400 Pg C
(Plant + Soil)

Land to
water

39,000 Pg C
150 Pg C

Lake and
river burial

Hansell 2002, Canadell et al. 06-16/ yr

2007, Battin et al. 2009,
Aufdenkampe et al. 2011,
Tarnocai et al. 2009, Batjes 1996,
Kling et al. 1991, Cai 2011



Estuaries as bioreactors

* Estuaries Filter nutrients and poIIutants
from land o

e Question: Is the Columbia &
River estuary a bioreactor
for riverborne materials?
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Filtered water drains into Marsh grasses and peat filter out the Pollutants & excess nutrients
the lake, river or estuary pollutants, excess sediment and enter the salt marsh from the
nutrients from the water surrounding drainage area

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



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
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Bacterial productivity

Particle-attached bacteria dominate 7
bacterial productivity (BP)
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Bacterial productivity model

Quadratic regression 197 Empirical Model
: : Predictions vs. 2= (. °
model predicted Bacterial U observations 00T ese

Productivity from:
* Turbidity
* Temperature
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Log,, Modeled Bacterial productivity (ugC/L/h)
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* River chlorophyll a
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Crump et al. (2017)



Predicting Bacterial Productivity
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ETM trapping ~ doubles BP in summe

saturn0l1 Bacterial Production

SATURN-01
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Daily integrated model results for 2012

Calculated hourly
integrated BP from:

Modeled temperature
Modeled salinity
Modeled turbidity
Measured river
chlorophyll
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Suspended particle mass and river chlorophyll a
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Feb. = Peak BP  Spring = lower BP Fall = High BP
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Organic matter turnover time
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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

* |s 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
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a Water flux

Columbia River ETM conclusions P seciment o
ETM accumulate detritus and microbes from diverse and ] tg‘r’]"c/:rﬁfaiieo‘ﬁme”t
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estuarine channels, accelerate the remineralization of organic = (E)S‘iiz’;me

matter, and provide a stable environment for a genetically diverse W Low salinity bay
microbial community with potential for broad metabolic W High salinity bay
c3PaR'HiiGe: Flood Tide

(a) %ﬁ} exbort Foi | ) %@} up-estuary, near bed
% ’shoals & lateral bays Q  transport in channels
77 ’ ﬂ Tf d
& river input] | —

Land
Iintertidal

1 3m----"°“d
o Intertidal

-14m
Shoals
-4 m =
Channels
1

13 mp-
-1.4m
Hm

Shaals
Channels




Latitude N

ETM = microbe mixing zone
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Latitude N

ETM = microbe mixing zone
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River flow
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' TonB protein
‘ a-mannosidase
‘ Fucose permease

‘ a-L-fucosidase

Formylmethanofuran
dehydrogenase

Dissimilatory
sulfite reductase

‘ Nitrite reductase
' NO reductase (cyt c)

¢ Nitrate reductase

€« 2-oxoglutarate

synthase

Phytoplankton bloom
utilization and DOM
assimilation

Anaerobic pathways

Smith et al. 2013
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