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Water-quality monitoring to support 
salmonid-habitat characterization 
 Background
 Changes to Columbia R. estuary habitats and food web 

have changed its capacity to support juvenile 
salmonids
 Need long-term monitoring of habitat conditions and 

use by juvenile salmonids for appropriate restoration 
planning

 USGS work plan
 Assess trends at 4 fixed sites
 Measure WQ during period when juvenile salmonids 

are using the sites 
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Water-Quality Monitors

 Parameters:
 Temperature
 pH
 Dissolved oxygen
 Specific conductance
 Turbidity (2008—09) 
 Sonde depth

 15/30 minute logging
 May – August (2008—2010) 
 April – July (2011 – present) 



Washington Water-Quality Standards

 Thresholds set to protect salmonid spawning, 
rearing, and migration in the Columbia River

 7-day average maximum temperature: 17.5° C
 Daily minimum dissolved oxygen: 8.0 mg/L
 pH acceptable range: 6.5 – 8.5 
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A. Seven-day maximum temperature at Campbell Slough, 2011
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A. Seven-day maximum temperature at Campbell Slough, 2011
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Water-Quality Monitoring Sites
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Franz Lake Slough (2011)



Franz Lake Slough (2011)
A. Seven-day maximum temperature at Franz Lake Slough, 2011
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A. Seven-day maximum temperature at Franz Lake Slough, 2011

April May June July August
5

10

15

20

25

Te
m

pe
ra

tu
re

,
in

 d
eg

re
es

 C
el

si
us

Washington 7-day maximum standard

B. Daily pH at Franz Lake Slough, 2011
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B. Daily pH at Franz Lake Slough, 2011
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C. Daily minimum dissolved oxygen at Franz Lake Slough, 2011
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C. Daily minimum dissolved oxygen at Franz Lake Slough, 2011

April May June July August
0

2

4

6

8

10

12

14

D
is

so
lv

ed
 o

xy
ge

n,
in

 m
ill

ig
ra

m
s 

pe
r l

ite
r Washington 1-day minimum standard

Salmonids not present 
during fish sampling

-

-

-

-



Campbell Slough (2008-2011)



Campbell Slough: Temperature
Campbell Slough, Ridgefield NWRCampbell Slough, Ridgefield NWR
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Campbell Slough: pH
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Campbell Slough: Dissolved Oxygen
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Campbell Slough: Dissolved Oxygen
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Campbell Slough: Dissolved Oxygen
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Campbell Slough: Dissolved Oxygen
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Whites Island  (2009, 2011)



Whites Island (2009, 2011)
A. Seven-day maximum temperature at Whites Island, 2011
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A. Seven-day maximum temperature at Whites Island, 2011
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B. Daily pH at Whites Island, 2011
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B. Daily pH at Whites Island, 2011
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C. Daily minimum dissolved oxygen at Whites Island, 2011
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C. Daily minimum dissolved oxygen at Whites Island, 2011
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Whites Island (2009, 2011)
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Whites Island (2009, 2011)
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Ilwaco (2011)



Ilwaco (2011)
A. Seven-day maximum temperature at Ilwaco, 2011
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A. Seven-day maximum temperature at Ilwaco, 2011
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B. Daily pH at Ilwaco, 2011
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B. Daily pH at Ilwaco, 2011
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C. Daily minimum dissolved oxygen at Ilwaco, 2011
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C. Daily minimum dissolved oxygen at Ilwaco, 2011

April May June July August
0

2

4

6

8

10

12

14

D
is

so
lv

ed
 o

xy
ge

n,
in

 m
ill

ig
ra

m
s 

pe
r l

ite
r Washington 1-day minimum standard

d

+
*-

Fish sampling: Salmonids present (Chinook)
Fish sampling: Salmonids present (Chum)
Fish sampling: Salmonids not presentd

+
*-

Fish sampling: Salmonids present (Chinook)
Fish sampling: Salmonids present (Chum)
Fish sampling: Salmonids not present

+- - -*

+- - -*

+- - -*



Ilwaco (2011)

C

0
2
4
6
8

10
12
14
16
18
20

April May June July

D
is

so
lv

ed
 O

xy
ge

n,
 

in
 m

illi
gr

am
s 

pe
r l

ite
r

Washington 1-day minimum standard

+- - -*

+
*-

Fish sampling: Salmonids present (Chinook)
Fish sampling: Salmonids present (Chum)
Fish sampling: Salmonids not present

Ilwaco, 2011C
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Ilwaco, 2011
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Ilwaco, 2011A
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Franz Lake SloughFranz Lake Slough
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Water-Quality Summary 

 All sites had periods of suitable conditions 
and of poor conditions for salmonids

 The extent and timing of stressful periods 
varied across sites and years

 With a few exceptions, juvenile salmon were 
found at the sites during periods of low 
temperature, moderate pH, and high DO



Primary Productivity & Food Web

Water-column 
nutrients (N,P) and 

light (PAR)
Algal abundance and 

productivity rates

Stable isotope 
analysis of 

δ15N/ δ13C in 
juvenile 

salmon and 
food web 

components 



Ambient algal abundance: 2011

N/A = no sample

Otherwise, no bar = 
less than detection limit
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Ambient algal abundance: 2012

0

100

200

300

400

500

Franz Lake Campbell Slough Whites Island Ilwaco

C
hl

or
op

hy
ll-

a 
co

nc
en

tr
at

io
n,

 in
 

m
ill

ig
ra

m
s 

pe
r s

qu
ar

e 
m

et
er

<- Upstream - Downstream ->

Periphyton (Chl-a) - 2012

Week of April 9th Week of May 13th Week of June 25th

9280

N/A N/A N/A

0

5

10

15

20

Franz Lake Campbell Slough Whites Island Ilwaco

C
hl

or
op

hy
ll-

a 
co

nc
en

tr
at

io
n 

, i
n 

m
ill

ig
ra

m
 s

 p
er

 li
te

r

<- Upstream - Downstream ->

Phytoplankton (Chl-a) - 2012

Week of April 9th Week of May 13th Week of June 25th

N/A = no sample

Otherwise, no bar = 
less than detection limit



Phytoplankton productivity rates: 2011
14C uptake method
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Periphyton Productivity: 2011—2012 
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April 2011 May 2011 July 2011

0

2

4

6

8

10

12

Franz Lake
Slough

Campbell
Slough

Whites Island IlwacoPe
rip

hy
to

n 
bi

om
as

s 
pr

od
uc

tiv
ity

, i
n 

m
g/

m
3/

da
y

Periphyton Productivity Rates - 2012

April 2012 May 2012 July 2011



Primary Productivity Summary

 Higher phytoplankton ambient abundance 
and productivity rates upstream

 Higher periphyton ambient abundance and 
productivity rates downstream

 Seasonal patterns in water-quality and 
productivity are consistent at sites

 Bulk of data analysis yet to be completed



Questions?

Whitney Temple
wbtemple@usgs.gov

Jennifer Morace
jlmorace@usgs.gov


