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““Reference Ecology” for different watershed contexts:Reference Ecology” for different watershed contexts:

1 1 –– Watershed approaches in conceptWatershed approaches in concept
Colin ThorneColin Thorne

2 2 –– SubSub--watershed approaches in practicewatershed approaches in practice
Peter DownsPeter Downs

Positioning Reference conditions conceptually

Reference
biology

Restore
Listed Species - ESA

Reference
ecology

Reference
morphology

Limiting Factors
Analysis (LFA)

Good hydromorphological
Conditions – EU WFD



The Cascade of IssuesThe Cascade of Issues

Watershed
Scale

Regulatory
Framework:
ESA, CWA 

Limiting 
Factors 
Analysis



OutlineOutline

Controls, Processes, Forms and HabitatControls, Processes, Forms and Habitat
The West Coast ProblemThe West Coast Problem
ExamplesExamples
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Controls, processes, forms and Controls, processes, forms and 
habitathabitat

River ecology results from:River ecology results from:--
catchment inputs of water, sediment and catchment inputs of water, sediment and 
organic material to the fluvial system and organic material to the fluvial system and 
Interaction of hydraulic, geomorphic and biotic Interaction of hydraulic, geomorphic and biotic 
processes with local boundary conditions, processes with local boundary conditions, 
which result in habitat and, ultimately, biota. which result in habitat and, ultimately, biota. 

Ecological reference conditions for river Ecological reference conditions for river 
restoration stem from a cascade of inputs, restoration stem from a cascade of inputs, 
processes, materials, morphologies, processes, materials, morphologies, 
habitats and biotic responses. habitats and biotic responses. 
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Nested Scales of Time & Space in the Channel Nested Scales of Time & Space in the Channel 
Sediment SystemSediment System (Sear 1992)(Sear 1992)
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Legislative BackdropLegislative Backdrop
EcologicallyEcologically--led management and restoration led management and restoration 
projects are governed by laws and statutory projects are governed by laws and statutory 
authorities that are to a degree habitat/species authorities that are to a degree habitat/species 
specific.  specific.  
In the USA the primary instruments responsible In the USA the primary instruments responsible 
for restoration are the Endangered Species Act for restoration are the Endangered Species Act 
and the Clean Water Act.  and the Clean Water Act.  
Both spring from and incorporate ecology, but Both spring from and incorporate ecology, but 
their implementation focuses on protecting and their implementation focuses on protecting and 
reducing risks to habitat and listed species.reducing risks to habitat and listed species.
Both are open to challenge due to the risk of Both are open to challenge due to the risk of 
leading to ‘take’ by the government. leading to ‘take’ by the government. 



The West Coast Problem The West Coast Problem -- 11
EcologicallyEcologically--led restoration efforts focus on led restoration efforts focus on 
constructing habitat features suitable for listed constructing habitat features suitable for listed 
species by recreating complex ‘natural’ species by recreating complex ‘natural’ 
morphologies. morphologies. 
They do not readily promote restoring:They do not readily promote restoring:

impaired catchment inputs of water, sediment and impaired catchment inputs of water, sediment and 
organic matter, organic matter, 
Interactions between fluvial processes & boundary Interactions between fluvial processes & boundary 
materials, materials, 

Simply implementing regulations at the species Simply implementing regulations at the species 
scale tends to create impediments to improving scale tends to create impediments to improving 
ecology sustainably and at the catchment scale. ecology sustainably and at the catchment scale. 



The West Coast Problem The West Coast Problem -- 22
Biological references in ESA and CWA, are poor weapons Biological references in ESA and CWA, are poor weapons 
with which to drive ecologicallywith which to drive ecologically--based restoration.based restoration.

•• They are good for slowing the decline of species and They are good for slowing the decline of species and 
habitat, but not restoring rivers, habitat, but not restoring rivers, 

•• If these laws could be changed they should promote If these laws could be changed they should promote 
conservation of ecosystems still functioning, direct conservation of ecosystems still functioning, direct 
restoration efforts towards the watershed scale, and restoration efforts towards the watershed scale, and 
identify watersheds too far gone to restore.identify watersheds too far gone to restore.

•• Hence, regulators must finesse restoration based on Hence, regulators must finesse restoration based on 
ecological reference conditions rather than require it.ecological reference conditions rather than require it.



The West Coast ContextThe West Coast Context
Ecological function is impairment is widespread in California Ecological function is impairment is widespread in California 
streams.  Stressors include:streams.  Stressors include:

Dams;Dams;
ChannelizationChannelization and flood control schemes that and flood control schemes that 
disconnect channels from floodplains, disconnect channels from floodplains, 
agricultural and urban land encroachment on riparian agricultural and urban land encroachment on riparian 
corridors, corridors, 
surface and ground water abstractions.  surface and ground water abstractions.  

California streams are set in highly erosive soils with a California streams are set in highly erosive soils with a 
MediterraneanMediterranean--type climate and have undergone stunning type climate and have undergone stunning 
losses of stream corridor habitat over the past 50 years.  losses of stream corridor habitat over the past 50 years.  
Existing problems will be eclipsed by new problems due to Existing problems will be eclipsed by new problems due to 
projected climate change coupled with population growth projected climate change coupled with population growth 
and increased water demand during the next 50 years.and increased water demand during the next 50 years.



Current restoration approachesCurrent restoration approaches
$2 billion spent in California on ‘restoration’ projects to date$2 billion spent in California on ‘restoration’ projects to date. . 
Projects enhance habitat locally without accounting for Projects enhance habitat locally without accounting for 
fluvial and ecological processes or watershed conditions.fluvial and ecological processes or watershed conditions.
They have not produced resilient morphologies or ecologies. They have not produced resilient morphologies or ecologies. 
Projects have been beneficial, but small scale efforts cannot Projects have been beneficial, but small scale efforts cannot 
achieve species recovery at watershed or regional scales.  achieve species recovery at watershed or regional scales.  
LargerLarger--scale projects with wider goals and actions are scale projects with wider goals and actions are 
needed to:needed to:

restore ecosystem function from headwaters to estuaries, restore ecosystem function from headwaters to estuaries, 
recover the full range of fluvial and biotic processes, and recover the full range of fluvial and biotic processes, and 
achieve sustainable species recovery.achieve sustainable species recovery.

Restoration of ecosystem functions requires that we ‘raise Restoration of ecosystem functions requires that we ‘raise 
the bar’ in terms of setting restoration goals, objectives, the bar’ in terms of setting restoration goals, objectives, 
designs and post project monitoring and adaptive designs and post project monitoring and adaptive 
management. management. 



Category Type of Project Number % Total
Institutional Habitat Acquisition and Cons Easement 9 0.1%

Public Involvement 82 1.2%
Public School Education 356 5.4%
Private Sector Education 115 1.7%
Watershed Assessment and Planning 975 14.8%
Watershed Organization and Assistance 232 3.5%
Water Conservation 12 0.2%

Fish Passage Ladder 29 0.4%
Fish Screens on Diversions 69 1.0%
Passage 118 1.8%
Barrier Modification 475 7.2%

Stabilization Bank Stabilization 618 9.4%
Riparian Replanting 551 8.4%
Instream Habitat Enhancement 860 13.1%
Watershed Improvements, Roads 1378 21.0%
Maintenance and Repair of Projects 59 0.9%

Monitoring Fish Monitoring 520 7.9%
Post Project Monitoring 118 1.8%

TOTAL 6991 6576
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ExamplesExamples

We can restore morphology if the watershed We can restore morphology if the watershed 
inputs are unchanged (example: reinputs are unchanged (example: re--
meandering stream in an alluvial valley), butmeandering stream in an alluvial valley), but
Where the flow, sediment and wood regimes Where the flow, sediment and wood regimes 
are heavily impaired we need to tackle these are heavily impaired we need to tackle these 
issues to make morphological restoration issues to make morphological restoration 
based on ecological reference conditions based on ecological reference conditions 
sustainable (example: dam removal in an sustainable (example: dam removal in an 
otherwise intact watersheds)otherwise intact watersheds)



McCoy Creek in the 1980s



Large wood structure to shunt water into historic channel.  
Built in late-1990s



Post-project condition showing reconnected channel.



Klamath River Basin

• Area: 40,720 km2

• 4 private hydropower dams block fish passage to 
historically productive spawning and rearing streams.
• Relicensing of dams recommended removal.
• 15 million m3 of sediment and dead algae in reservoirs.

• Second in size to the 
Sacramento River in 
California,
• Chinook & Coho 
salmon, and Steelhead 
& Rainbow trout. 
• Home to indigenous 
tribes who subsist on 
fishing. 
• At the centre of the 
salmon recovery 
programme for the USA.



Restoration Planning Restoration Planning 

Using an adaptable and accessible model Using an adaptable and accessible model 
(DREAM), over 70 alternative restoration (DREAM), over 70 alternative restoration 
scenarios were investigated to evaluate: scenarios were investigated to evaluate: 

Risks to people and property (aggradation, Risks to people and property (aggradation, 
flooding).flooding).
TSS releases for entire range of past TSS releases for entire range of past 
hydrologic scenarios.hydrologic scenarios.
Risks to species.Risks to species.
Engineering planning and design for Engineering planning and design for 
timing/sequence/methods of dam removal.timing/sequence/methods of dam removal.



The West Coast ProjectThe West Coast Project
Our approach to current regulatory impediments Our approach to current regulatory impediments 
is to make better river science available to is to make better river science available to 
services staff responsible for reviewing services staff responsible for reviewing 
proposals and granting permits.proposals and granting permits.
The aim is to encourage them to require more of The aim is to encourage them to require more of 
projects than that they minimize adverse effects projects than that they minimize adverse effects 
(risk to resource).(risk to resource).
The outcome should be projects that provide The outcome should be projects that provide 
sustainable solutions to problems rather than sustainable solutions to problems rather than 
addressing their local symptoms.addressing their local symptoms.



Project Genesis and Team
Northwest Region HCD meeting 2006Northwest Region HCD meeting 2006

Need for assistance on “largeNeed for assistance on “large--scale” restoration  projectsscale” restoration  projects
Southwest region PRD request for stream corridor management Southwest region PRD request for stream corridor management 
guidelines that coverguidelines that cover

riparian zonesriparian zones
bank stabilizationbank stabilization
habitat enhancementhabitat enhancement

FundingFunding
BIOPBIOP
Southwest RegionSouthwest Region

Cooperative effort Cooperative effort 
NWFSCNWFSC
Northwest RegionNorthwest Region
Southwest RegionSouthwest Region
US FWSUS FWS
AcademicsAcademics
ConsultantsConsultants
USCOEUSCOE



From Regulation to Consultation..From Regulation to Consultation..

Reference: Modified from Wideman, R. 1991Time
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Five Products:Five Products:
Screening ToolScreening Tool

Science Base documentScience Base document

Checklist Checklist 

Assessment toolAssessment tool

TrainingTraining

 

 
 
 
 
 
 
 
 
 
 

MEDIUM RISK STREAM 
MEDIUM RISK PROJECT 

Full Review 

Increasing Stream and Site Response Potential 
Scale of the Problem to be addressed 

Site     Reach    Multiple reaches             Watershed 

Landscape setting 
Confined valley         Narrow floodplain    Wide Floodplain  Incised Channel                      Alluvial fan 

Channel Type/Classification 
Geologically controlled    Sediment Supply limited         Sediment Transport Limited 

Bank Characteristics 
Naturally non-erodible  Heavily Vegetated    Erosion resistant      Highly erodible or artificially revetted 

Riparian Corridor and Channel Migration Zone 
Continuous/Wide       Semi-continuous/Wide       Fragmentary/discontinuous       Narrow      Incised or levee confined 

 
LOW RISK STREAM  
HIGH RISK PROJECT 

 
Full Review -- focus on adequacy of 
Project Objectives, Design Criteria,  

Prior Project Success, & 
Implementation 

HIGH RISK STREAM  
LOW RISK PROJECT 

 
Full Review -- focus on adequacy of 

Watershed and Stream Investigations & 
Design Criteria 

 
HIGH RISK STREAM 
HIGH RISK PROJECT 

 
Deep Review with Technical  

Back-up as necessary 

 
LOW RISK STREAM 
LOW RISK PROJECT 

 
Light Touch Review 
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The Science Base document:The Science Base document:
Synthesizes the large body of watershed and fluvial geomorphic Synthesizes the large body of watershed and fluvial geomorphic 
sciencescience

Thoroughly vetted and peer reviewedThoroughly vetted and peer reviewed
Fosters critical thinking Fosters critical thinking 

Not a Not a ‘how to manual‘how to manual’, but a guide to ’, but a guide to 
thinking about thinking about ‘why’‘why’ or or ‘what are the alternatives’, ‘what are the alternatives’, 

Makes the science available Makes the science available and and accessible to Services staffaccessible to Services staff

Glossary of termsGlossary of terms
Hyperlinked referencesHyperlinked references
Hyperlinked with the “checklist” and the  “evaluation tool”Hyperlinked with the “checklist” and the  “evaluation tool”



Features:Features:
Thorough listing of information needed Thorough listing of information needed 
to accommodate simple to complex projectsto accommodate simple to complex projects
Customizable Customizable –– to project scope and scaleto project scope and scale
Reporting function to record and print resultsReporting function to record and print results

Purpose:Purpose:
Ensure that proposal is completeEnsure that proposal is complete
Facilitate timely review processFacilitate timely review process
Identify what is needed to applicants clearlyIdentify what is needed to applicants clearly
Support deeper reviewsSupport deeper reviews

Project evaluation Project evaluation checklistchecklist::
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ol

Questions Questions -- yes ~ proceed, no ~ dig deeperyes ~ proceed, no ~ dig deeper
Second tier Second tier –– explanationsexplanations
Third tier Third tier –– links to science baselinks to science base
Alerts Alerts –– need for caution or more info, and link need for caution or more info, and link 
to science baseto science base
Comments, notes and ‘print report’Comments, notes and ‘print report’

CΩ



River Restoration Assessment Tool: 
Web-based graphic interface to the science base



Evaluation Tool: 
graphic interface to the science document







AmbitionsAmbitions
Educate:Educate:

Services StaffServices Staff
Project Proponents and SponsorsProject Proponents and Sponsors

Improve the review process:Improve the review process:
Time efficiencyTime efficiency
AppropriatenessAppropriateness
Consistency and Consistency and ObectivityObectivity (within and (within and 
between regions and agencies)between regions and agencies)
TransparencyTransparency

Provide a template forProvide a template for
biological assessmentsbiological assessments
programmatic agreementsprogrammatic agreements

Establish restoration prioritiesEstablish restoration priorities
Promote better restoration outcomesPromote better restoration outcomes



Project Timeline:Project Timeline:
Finalize products Finalize products –– February 2009February 2009

External peer review External peer review –– MarchMarch--April 2009April 2009
Academic scientistsAcademic scientists
Agency scientistsAgency scientists

Post on Regional websites Post on Regional websites –– April 2009April 2009
Make available for useMake available for use
Get feedback, and improve toolsGet feedback, and improve tools

Prep for publication ~ NOAA tech memo Prep for publication ~ NOAA tech memo -- May 2009May 2009

Give training workshops Give training workshops –– June 2009June 2009
With partner agencies ~ State and FederalWith partner agencies ~ State and Federal
With broader audiences ~ restoration industryWith broader audiences ~ restoration industry

CΩ


