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Historic Columbia River 6

Columbia River Estuary
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Modern Day Columbia River 7

Shared use:
* Endangered Species
 Hydropower management

* Land use, irrigation,
agriculture

Additional stressors:

* Urbanization (e.g.
contaminants)

* Changing climate
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http://en.wikipedia.org/wiki/File:Columbiarivermap.png

Role of dams in river ecological function

Grand Coulee Dam
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‘Greening’ of the Columbia River

15 -
* o curve from Meybeck (1982)
curve from Ludwig et al. (1996)
5 A US Rivers (Canfield, 1997)
* © St Lawrence (Pocklington and Tan, 1987)
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A sensors approach for quantifying river ‘greening’

N U Columbia River Estuary

Longviow, WA

Pacific
Ocean

Vancouver, WA

\ Portland, OR
O Klometers

0510 20 30 40 x




A sensors approach for quantifying river ‘greening’




A sensors approach for quantifying river ‘greening’ 12
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A sensors approach for quantifying river ‘greening’ 13

Latest

Lower Columbia River
2012-02-20 11:00:00 PST
CDOM 23.11 | QSDE
Chlorophyll 6.68 pag/L
Conductivity  0.0090 S/m
Depth - 3822 m
Dissolved O» 9.23 ml/l

Nitrate 29.7 | UM
02 Saturation 8.90 ml/l

Q2 % 103.7 | %
Saturation

Salinity 0.07 PSU
Temperature 5.10 A oC
Turbidity . 4.90 | NTU

Battery 12.8 V
Voltage




Chlorophyll (pg/L)

Lower Columbia River Chlorophyll & River Discharge
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Velocity (m/s)
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Using dissolved O2 to calculate metabolic rates

o o

1) Net Primary Production

2) Respiration Rate

3) Gross Primary Production
4) Net Ecosystem Metabolism




Using dissolved O2 to calculate metabolic rates
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Calculating oxygen flux

1) Biological Oxygen Change per hour:

BDO, = (DO, — DO,_,) *h — F,,

2) Oxygen Flux by air-water diffusion:
'FISIE = —’I.JD: ot [:EE meas DE S'Et]

3) Piston velocity estimates:

1
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FU S
i = U (2) E(U_h) *_ |Y2" o'connor DI and WE Dobbins (1958)
flow D 1 1‘| h

ScT%e
k.. .= 031xuj, (ﬁ) Wanninkhof R. (1992)




Net Ecosystem Metabolism of Columbia River
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Lower Columbia River food web components
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Lower Columbia River food web components
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How might the landscape affect phytoplankton biomass? 2>




Cell count comparison: mainstem vs. side channels 23
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Zooplankton percent abundance at Whites Island (Birnie Slough) 25
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== Copepods
== Cladocerans

— Annelids & polychaetes
W Ciliates

DAILY Discharge, cubic feet per second
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Fine Particulate Organic Matter deposition in streams 26
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Questions

e What is the importance of deposited material
(FPOM) in shallow streams, and how does it change
with main channel river flow and tidal exchange?

e How do depositional patterns differ in tidal vs. non-
tidal streams?

e What contribution to benthic food webs does the
deposition of fluvial phytoplankton make?




Changes in tide channels (Brownsmead, Clatsop County) 2

How has the

reduction in

tidal channels

and streams

influenced

deposition rates

of organic

matter? 1977

Thomas (1983)



Summary & management implications

e Net ecosystem metabolism calculated using in situ
sensors provides a continuous picture of ecosystem
function, which can be routinely monitored

e River flow influences plankton composition and
abundance

e Stream environments may be important depositional
environments where fluvial phytoplankton might
accumulate and feed benthic deposit feeders
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5. Comparison of the present estuarine boundaries with those of 1870, illustrating the loss of estuarine surface area duc primarily to diking {(modified from Th

TNO
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Lower Columbia River Estuary

-

n_chn_lanp
wazegronne

wa

nana

wrrbazesas Wedina
Svabicrat Wedara
Conbstons Forst A odar

Veed POrEs e ag

I0NNEEER

CRORORE AHVECWERING

wambazecas uplara

N[ [ (AN (N

Habitat Cover Type

AL WD ¢
Declaneas Fomw upk e
Corlterzaz Foresuplny
Uteza Saroc s pma
wasi

uten

Ao s, Graacea

anze

o Oz

15 Kilometers

L i)

Corsultents, Inz.

Garono & Robinson, 2003




How does ‘greening’ alter river export flux?
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How does ‘greening’ alter estuarine flux?
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Coastal Ocean Estuary (saltwater)
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Conclusion

e How does ‘greening’ alter river fluxes to the
coastal margin?

— Nutrients: PP converts a relatively small proportion of
inorganic nutrients to organic matter during spring and
summer. Therefore very little change to coastal zone flux
and not enough to account for summer declines in
nutrients

— POC is altered significantly in all seasons, with important
implications for salt water estuary organic matter supply




Lower River: Seasonal Impacts of Net Metabolism

DOC (umol L1)

Nitrate (umol L1)

POC (umol 1)

36
Bonneville Salt water
Dam estuary % Change
Winter 113 108 -4
Spring 129 133 3
Summer 189 191 1
Fall 138 133 -4
Bonneville Salt water
Dam estuary % Change
Winter 30 32 5
Spring 17 15 -11
Summer 7 6 -15
Fall 22 23 7
Bonneville Salt water
Dam estuary % Change
Winter 20 15 -25
Spring 45 53 19
Summer 18 23 26
Fall 18 13 -29




Organic Carbon: Comparison of estimates
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Lower Columbia River Estuary: RM 53 fixed station
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DAILY Discharge, cubic feet per second
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