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Restoration Realities

Substantial funds are being spent in 
the Columbia River Basin

Over $3 billion from 1985-2000 for 
salmon research and restoration 
(Botkin et al. 2000)
$1.5 billion from FY97-FY01 for salmon 
and steelhead recovery (GAO 2002)

While project efforts are well-intended, 
lack of accountability and rigorous 
monitoring is a serious threat to the 
science of restoration

Anybody can claim anything is 
restoration

Emerging backlash against restoration

Monitoring is one component to 
address these realities

Monitoring Challenges

Limited funding
Some agencies can fund implementation, but not 
monitoring

Life cycles of target species are long compared to 
time frames in which management decisions are 
expected

Management focuses on implementation targets (miles 
of channel stabilized, # of structures installed), not 
long-term response

Uncertainty of what to monitor
Identification and quantification of those parameters 
which demonstrate measurable response to restoration
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Uncertainty in Ecological Restoration 
Monitoring

Data sets are spatially-sparse and of short-duration.
Detectable change from restoration is a small percentage 
of diurnal, seasonal, or inter-annual variability.
Effects occur at multiple spatial and temporal scales.
Individual restoration actions may have cumulative 
responses that are less predictable.

Individual physical responses Cumulative
responsesRestoration

goal

Typical
restoration

activity Shear
stress

Particle
size

Thermal
gain Physical Biological

“Restore
channel

geometry”

Reduce
w/d + + -

“Restore
channel slope
and sinuosity”

Increase
length - - +

? ?

Study Goal and Objectives

Investigate the potential for detecting 
responses to active stream restoration

Describe natural variability in physical and 
biological parameters
Quantify magnitude and direction of 
change following restoration
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Red River Study Reach

Located in north-central Idaho; tributary to SF 
Clearwater River
Lodgepole and ponderosa pine uplands
Elevation=1280 m (4200 ft)
Annual ppt (mostly snowmelt)=76 cm (30 in)
Drainage area=260 km2 (100 mi2)
Bankfull discharge=16.6 cms (580 cfs)
Alluvial pool-riffle channel; C and E types

Channel length=4.1 km (2.5 mi)
Slope=0.0016; sinuosity=2.7

1996

1936
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1939

2002

Construction
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2001

1996

0.00160.00250.0017Slope

2.71.72.4Sinuosity

411525943750Length 
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After 
(2000)

Before 
(1994)

Historic 
(1936)

Physical Forcing Variables Changed by 
Active Restoration

Channel alignments



7

1994 2001
YEAR

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

B
A

SE
FL

O
W

 V
EL

O
C

IT
Y

 (m
/s

)

1994 2001
YEAR

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

B
A

SE
FL

O
W

 D
EP

TH
 (m

)

1994 2001
YEAR

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

B
A

SE
FL

O
W

 F
R

O
U

D
E 

N
O

1994 2001
YEAR

0

100

200

300

400

B
A

SE
FL

O
W

 W
ID

TH
/D

EP
TH

1994 2001
YEAR

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

B
A

S E
FL

O
W

 A
B

S 
A

*

Lower Red River Meadow Restoration Project 
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Change in Physical Parameters

Study Hypotheses

Physical parameters

H1:  DepthA>DepthB

H1:  W/DA<W/DB

H1:  A*A>A*B

H1:  D50A>D50B

Biological parameters

H1: Resident Salmonid 
DensityA>Resident 
Salmonid DensityB

H1: Chinook Parr 
DensityA>Chinook Parr 
DensityB

H0:  ParameterA=ParameterB
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Physical Monitoring Variables:  Hydraulic, 
Geomorphic, and Sediment Characteristics

Longitudinal Profile from MIKE11:
Post-restoration Conditions at Bankfull Flow
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Flood Area Comparison at Bankfull
Discharge

Pre-Restoration (1994) Post-Restoration (2001)

Biological Monitoring Variables:  Habitat 
Types, Parr Snorkels, and Smolt Traps
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Parr Snorkel Sites

Physical Results:  Changes in Median 
Particle Size and Percent Fines
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Biological Results:  Changes in Age 0 
Chinook Density
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  Minimum detectable difference where α is the significance level, υ is the degrees 
of freedom df=(2(n-1)), β is the probability of a type II error, tα,υ is the value 
from a one-tailed t-table with probability α and υ df, and tβ,υ is the value from a 
one-tailed t-table with probability β and υ df [Zar 1984]. 

Quantification of Detectable Difference

Detectable Impact as a Function of 
Years of Post-restoration Monitoring
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Detectable Impact as a Function of 
Years of Post-restoration Monitoring
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Recommendations for Monitoring to 
Demonstrate Project Effectiveness

Monitor at treatment, control, and reference 
sites

Monitor as long as possible BEFORE restoration 
implementation

Focus on those parameters which have high 
potential for detecting response and which have 
biological significance
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Conclusions

To distinguish between change due to natural variability 
and response induced by restoration activity, monitoring 
must be:

Initiated prior to implementation
Conducted at control sites (and reference sites if possible) as 
well as at the treatment site

River restoration curricula and design standards should 
incorporate topics such as statistics, study design, and 
monitoring/evaluation.

By incorporating appropriate monitoring procedures, 
restoration practitioners may help address some public 
concerns surrounding stream restoration.
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All restoration projects are 
experiments . . .

What is the role of science in 
current restoration practice?

• Evaluate the state of the practice of stream 
restoration nationally and identify factors 
associated with project success.
• Examine the links between ecological theory 
and stream restoration.
• Identify the unanswered questions meriting 
further research.
• Develop specific recommendations for 
implementing and evaluating stream restoration 
practice.
• Disseminate this information broadly and on 
an on-going basis.

Project Goals
NRRSS 
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