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Can aquatic plant removal increase nighttime
dissolved oxygen concentration in a lowland river?

Aaron C. Pelly and Sarah S. Roley
School of the Environment | Washington State University
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Controls on oxygen: Ecosystem Respiration




Controls on oxygen: Photosynthesis
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Controls on oxygen: Gas exchange




Controls on oxygen: Temperature

(Temperature affects metabolic rates & how much oxygen the water can hold)




Aquatic plants | nighttime oxygen

WA State water quality standard
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Nighttime oxygen in the lower Yakima River
is a barrier to salmonid migration

USGS Kiona DO minimums, 2018-2021
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WA State water quality standard 2018 = 2019 = 2020 = 2021

Data: USGS NWIS

Ryan Hagerty/USFWS



USGS Prosser DO minimums, 2018-2021

Water stargrass (Heteranthera dubia)

is the likely culprit
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Lower flows facilitate water
stargrass proliferation

JI5 b

e

Projected flows Historical flows = é

‘ / 12000
— 300 - b ' _—
n ] - 10000 &
£ 250 - : 3
o Sy
~— - 8000 3
3 200 - . o)
2 - 6000 %
=150 - . =
o e

- 4000 3

S 100 — Historical | = ¢
[ ] —— zozo MDB Ll =z
2 50 - — 2p40 A1B 2000

1 —— 2080 A1B ’

o L} lJ L\ | 1 ] L ) L L) L] L 0

ONDJFMAMJJAS

Elsner et al. 2010. Implications of 21st century climate change for
the hydrology of Washington State. Climatic Change.
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Is plant removal an effective strategy
to improve oxygen concentrations?

Two plant removal methods

- Mechanical (aquatic plant
harvester)

-  Flow-driven




Free-flowing reach: Kiona

Removal area

Control (~ 2.3 ha)

. Control sensors Approximate plant removal area

0.1 0.2 0.3 mi

Q Impact sensor
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Data source: Google



Dammed reach: Prosser

Control




Free-flowing reach (Kiona):
Nighttime minimum DO

Plant removal
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These data are preliminary and are subject to revision




moact- conno HOW to read the following figure:
\ A DO (impact - control)

< Plant removal
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Min DO at impact site =
min DO at control
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A DO (impact - control):
Nighttime minimum DO improved by ~ 0.5 mg/L

Mean A before =-0.72 mg/L Mean A after =- 0.23 mg/L

Plant removal
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These data are preliminary and are subject to revision
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Dammed reach (Prosser):
Nighttime minimum DO

Plant removal
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Immediately after removal

— Control (upstream)

— Impact (downstream, left bank)

Plant removal

These data are preliminary and are subject to revision




Impact > control

DO difference (mg/L)
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Impact < control

A DO (impact - control):

No immediate change in nighttime DO

Min DO at impact site =

min DO at control
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These data are preliminary and are subject to revision




Plants removed represented a relatively
small proportion of total plant abundance

Removal area
Flow mm)

~ 2.6 ha

Data source: Google



Sometimes mechanical
removal works

* Free-flowing reach: DO improved by
~ 0.5 mg/L

 Dammed reach: No effect




Daily mean discharge (ft¥/s)
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Flow-driven removal: Kiona
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Hydrograph: 2012-2022

Data: USGS NWIS
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Daily mean discharge (ft*/s)
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Flow-driven removal: Kiona

Low flow year,
Early peak

= 2021 = 2022

Data: USGS NWIS
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Daily mean discharge (ft*/s)
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Flow-driven removal: Kiona

Low flow year,
Early peak

High flow year,
Late peak
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Minimum dissolved oxygen (mg/L)

Nighttime DO was highest in the high flow year

High flow year,
Low WSG

Mean increase

=0.88 mg/L
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These data are preliminary and are subject to revision




Conclusions
WSG dramatically affects DO

- 2021
- 2022
2018
2019
2020

Mechanical plant removal can improve

low DO

- If a sufficient proportion of plants
removed
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Flow-driven removal effective across a
broader area
- Until plants regrow

Challenging problem

- Likely need multiple, coordinated
strategies

- (e.g., flow-driven removal followed
by mechanical removal when plants
regrow)
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