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Questions Often Asked

• How many more fish are there?

• How much do we need to restore? 

• How much restoration is enough for 

recovery?



Why can’t we estimate response to 

some actions?

• < 10 % of projects monitored

• Few published studies on effectiveness

• Scale of monitoring and restoration different



Short Answer Typically Given

Because we don’t know enough about 

fish response to restoration!!



n = 345

13 UK

Or do we?
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Source – United Nations FAO Fisheries Technical Report 484 (Roni et al.)

n  = 345



Or do we?



Or do we?



Project Goals

• Estimate response of coho and steelhead 

to various restoration techniques

• Apply to under various watershed 

restoration scenarios

• How much restoration is needed to detect 

a change in fish numbers?



Methods

• Estimate mean fish response to common 

techniques based on existing studies

• Developed restoration scenarios

– Typical Puget Sound watershed

– PCSRF in Puget Sound



Methods cont.

• Apply mean fish response to different 

watershed restoration strategies

• Monte Carlo simulation to estimate 

distribution of possible responses

• Estimate amount of restoration needed to 

produce a 25% increase



 Log (LWD) placement in small 

streams (30 sites; Roni and Quinn 2001)

 Boulder structures in streams
(13 sites; Roni et al. 2006 & In press)

 Barrier removal                       
(6 sites; Pess et al. 1998)

 Constructed logjams               
(1 site; Pess et al. 2003 & In press)

 Floodplain rehab                   
(30 sites; Roni et al. 2006)

 Groundwater channel            

(11 sites; Morley et al. 2005)

Restoration examined

Washington

Oregon

California

Canada



Mean Increase in Smolts
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Typical Puget Sound Watershed

Salmon Habitat

Typical 

Watershed

Streams/Rivers (km)

small – accessible 126

small - inaccessible 13

medium streams 58

large streams 118 

Floodplain habitat (ha)

Side channels existing 21

Side channels lost 31

Sloughs existing 8

Sloughs lost 32



Typical Puget Sound Watershed

Salmon Habitat Restoration type

Streams/Rivers

small – accessible LWD

small - inaccessible Barrier

medium Bld. Weir

large streams Logjams

Floodplain habitat

lost side channels Groundwater channels

lost sloughs Floodplain reconnection



Mean  = 232,355
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Mean = 33,308 
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Contribution of Restoration Type
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Typical PS Watershed

Habitat Restored Cost (millions)

Streams/Rivers

small – accessible $7 mil.

small - inaccessible $1 mil.

medium (12 to 25 m) $17.5 mil.

large streams > 25m $ 25 mil.

Floodplain habitat  (m2)

side channels (m2) $46 mil.

sloughs (m2) $27 mil.

TOTAL COST $123 million.



Monitoring - How much restoration 

is enough to detect an increase?

• Review of literature

• Most monitoring

– Change of 25% or more



Before Restoration Smolt Production & 

Minimum Detectable Difference

Coho Steelhead

Mean smolt production 282,549 24,076

25% of Total 70,637 6,019
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Restoration in region

Pacific Coastal Salmon Recovery Fund 2000-2009
~$100 Million/yr



Puget Sound Basin Restoration 

Activities PCSRF 2000 to 2009

Metric or 

Restoration Activity

All

PCSRF

Puget

Sound

Per 

Watershed

Instream kilometers treated 1,413 56 3

Floodplain hectares treated 4,938 53 3

Culvert or barrier removal 6,918 305 17



mean = 16,736 
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mean = 1,448
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Contribution of Restoration Type
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Summary

Strategy

Coho

smolts

Steelhea

d Smolts

Prerestoration smolt 

production 282,549 24,076

Restore all 232,355 33,608

PCSRF Strategy 16,636 1,448

Minimum detectable 

increase 70,637 6,019



Limitations

• What is limiting factor?

• Additional techniques?

• What does mean in terms of adults?

• For PCSRF dependent upon what was 
reported



Summary

• Yes we can estimate response

• Variability in response is high

• A lot of restoration is needed

• Concentrate or spread restoration




