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Restoration of endangered salmon habitat

• Hundreds of millions of dollars spent 
annually on stream restoration and 
monitoring for ESA-listed salmon in 
PNW

• Restoration projects are often 
misaligned with the biological needs 
of ESA-listed salmon at the 
subwatershed scale 
(e.g. Barnas et al. 2015)

GOAL: Present a straightforward 
method for evaluating restoration 
alternatives at the  subwatershed 
scale.
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Case study: Upper Columbia River spring Chinook

Columbia River System: Salmon recovery depends on the 
4-Hs:

1. Hydropower

2. Hatcheries

3. Harvest

4. Habitat

Source: https://www.nwcouncil.org/energy/powersupply/dam-guide



Case study: Wenatchee Basin spring Chinook

Wenatchee basin: Declining spring-run Chinook wild spawners:

Source: http://www.ecy.wa.gov/programs/wq/tmdl/WenatcheeMulti/
Honea et al. 2009



Coupled biological models connect restoration 
to Wenatchee wild spawners

SUBWATERSHED
HABITAT QUANTITY

o Fry capacity
• Culvert removal
• Side channel 

construction
o Spawner Capacity

• Culvert removal

Hatchery
releases

WENATCHEE BASIN 
WILD SPAWNERS

Harvest 
policies

Hydropower 
survival

SUBWATERSHED HABITAT QUALITY
o Stream temperature (pre spawn, 

incubation, summer)
o Fine cobble embeddedness

SUBWATERSHED 
LANDSCAPE

o Elevation
o Gradient
o Area
o Precipitation
o Riparian forest cover
o Total forest cover
o Impervious surface
o Road density

Jorgensen et al. 
(2009) model

SYSTEM 
MANAGEMENT
(exogenously 
determined)

Honea et al.
(2009) model



Effectiveness (spawners/$150K)

habitat quantity restoration



Effectiveness (spawners/$150K)

habitat quality restoration







Effectiveness thresholds
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Ongoing work 
1. Restoration effectiveness interactions (pairwise)

2. Uncertainty:
• Environmental, biological, project, model

• We are interested in capturing the relative uncertainty of 
population persistence across alternative restoration actions

3. System management and climate change 
assumption sensitivities

4. Scaling up the analysis



Thank you!

I’m happy to take any additional questions at this time

Culvert pre-restoration Post-restoration


