
A Lively Discussion On the 

Spirit of the River  
Insights from the Pacific Northwest



Proposed Discussion Points

 Expand your Horizons 

 Learn about river restoration efforts in other regions

 The Art of Compromise

 Process-Based Restoration in Pacific Northwest

 Discuss a compromise - Hybrid Limiting-Factors Analysis/Process-

Based Restoration for Design

 Learning from our Actions

 Highlighting Intensively Monitored Watersheds (IMWs)



Expand your Horizons

 Regional River Restoration Goals (or Intent) – from what I could find

 Pacific Northwest 

 Recovery of Endangered Aquatic Species across a human-disturbed landscape 
using process-based methods 

 More to come

 Upper Mid-West

 In-stream habitat improvement, bank stabilization, water-quality management, 
and dam removal (Alexander and Allen, 2006)

 Southwest

 Water quality management, riparian management, in-stream habitat 
improvement, fish passage, and bank stabilization (NRRSS, Dahm et al. 2005)

 Southeast

 Conflict between bio-diversity and stream impairment from land-disturbing 
activities, as well as the water needs of rapidly urbanizing areas, has led to an 
increased interest in stream restoration in the Southeast

 Rocky Mountains

You tell me???



Expand your Horizons

 Upper Mid-West Stream Restoration Symposium

 Partnership for River Restoration and Science in the Upper Midwest

 Held in a rotating location in upper mid-west (typically Wisconsin, Minnesota, 

Iowa)

 Feb 25-28, 2018 in Dubuque, Iowa

 Symposium Goals:

 Exchange knowledge and lessons learned about important local and regional 

topics in river and stream restoration.

Create networking and collaboration opportunities that will lead to further 

targeted research and group funding.

 Provide resources and content that will help move stream restoration practice 

forward throughout the Midwest.



Expand your Horizons

 Northwest Stream Restoration Symposium

 River Restoration Northwest

 Held each year at Skamania Lodge in Stevenson, WA (Columbia River 

Gorge)

 February 5th – 9th, 2018

 Symposium Goals:

 Promote responsible practices in the design of river restoration projects.

 Enhance discussion and exchange of ideas between river restoration 

professionals with different disciplinary backgrounds including: aquatic and 

fisheries biology, geomorphology, landscape architecture, hydrologic and 

hydraulic engineering, wetland science, and soil science.

 Provide a forum for project assessment and reflections on lessons learned.

Create opportunities for professional development and technical information 

exchange.

 Provide technology transfer from research to practice.



Expand your Horizons

 Southwest Stream and Wetland Restoration Conference

 Resource Institute, Inc.

 Held infrequently in a rotating location in the Southwest

 May 30 – June 1, 2018 in San Antonio, Texas

 Conference Goals:

 Provides an opportunity for natural resource professionals from throughout 

the Southwest to share knowledge, experiences, and innovations in stream 

and wetland restoration.

 Practitioners, managers, scientists, and regulators are encouraged to share 

experiences, network with colleagues, and become involved in shaping the 

future of watershed restoration in the Southwest.



Expand your Horizons

 Mid-Atlantic Stream Restoration Conference

 Resources Institute, Inc

 Biennial Stream Restoration Conference

 September 20-22, 2017 in Baltimore, MD

 Conference Goals:

 Provides an opportunity for natural resource professionals from throughout 

the Northeast/Mid-Atlantic to share knowledge, experiences, and 

innovations in stream restoration.

 Practitioners, managers, scientists, and regulators are encouraged to share 

experiences, network with colleagues, and become involved in shaping the 

future of watershed restoration in the Northeast/Mid-Atlantic



Expand your Horizons

 EcoStream Southeast Stream Ecology and Restoration Conference

 NC State University’s Stream Restoration Program

 Biennial Stream Restoration Conference – Rotating location

 August 13-16, 2018 in Asheville, NC

 Conference Goals

 Focus on stream restoration for the southeast region of the US. 

 Facilitate discussions among restoration practitioners, managers and 

scientists towards advancing ecological restoration to better achieve 

functional inter-connectedness of wetlands, streams, hydrology, riparian 

corridors and the biologic communities they support.

 EcoStream is a valuable forum for exchanging ideas and experiences that 

encourages continuing research and enhances networking among 

restoration professionals.



Expand your Horizons

 Rocky Mountain Stream Restoration Conference

 Resources Institute, Inc.

 Rotating location in the Rocky Mountain West

 June 27 – 29, 2017

 Conference Goals

 Provides an opportunity for natural resource professionals from throughout 

the Rocky Mountain West to share knowledge, experiences, and innovations 

in stream restoration.

 Practitioners, managers, scientists, and regulators are encouraged to share 

experiences, network with colleagues, and become involved in shaping the 

future of watershed restoration in the Rocky Mountain West



Process-Based Restoration in the Pacific 

Northwest
 Columbia and Snake Rivers

 258,000 square miles

 Once produced the 

largest Salmon run on 

earth

 30 million salmon per 

year, now only a fraction 

return

 Provides drinking water 

and irrigation for 600,000 

acres

 19 hydroelectric dams, 

providing flood control 

and half the region’s 

supply of electricity 



River Restoration in Pacific Northwest

 Major Threats - Dam and 

reservoir operation 

 Spring run-off captured 

behind dams, reducing flow 

and hampering salmon 

migration 

 Reduced flows harm the 

Columbia River estuary by 

shrinking size of freshwater 

plume

 Dams block salmon passage 

particularly in tributaries in 

Upper Columbia such as 

Spokane and Kettle rivers



River Restoration in the Pacific Northwest

 Major Threats – Watershed 

Impacts

 Urbanization 

 Mining

 Logging

 Wildfire



River Restoration in the Pacific Northwest

 Major Drivers of Restoration

 The listing of five species of Pacific salmon under the Endangered Species Act

 Clean Water Act – States set standards to improve water quality

 Local groups set out to improve locally important habitat

 Primary Restoration Goal

 Recovery of Endangered Aquatic Species across a human-disturbed landscape

 Two approaches to restoration planning, design, and implementation

 Limiting-Factors Analysis – a bottom up approach that restores or replaces the 

missing habitat that is assumed to be limiting the system’s full potential for 

supporting a selected organism.  

 Process-Based Restoration – a top-down approach that embraces principles of 

process-based restoration, which is guided by a hierarchical understanding of 

streams in their watershed context and restoration actions should address the 

root causes of degradation. 



Limiting-Factors Analysis

 Dubbed the Field of Dreams approach - “if you 

build it, they will come” (Palmer at al. 1997, 

Wohl et al. 2015)

 Benefits

 Promises direct, mechanistic links between 

restoration actions, habitat creation and 

(presumptive) increases in fish populations. 

 Major Assumptions 

 If any key life stage is suppressed by diminished 

habitat factors, then resolution of that bottleneck 

will produce the greatest improvement in the 

population as a whole. 

 The mechanistic links are well known, that the 

construction of new habitat features provides 

commensurate habitat functions that will persist 

without further human intervention.

Source: Booth, D.B., Scholz, J.G., 

Beechie, T. J., and Ralph, S.C., (2016). 

Integrating Limiting Factors Analysis with 

Process-Based Restoration to Improve 

Recovery of Endangered Salmonids in 

the Pacific Northwest, USA. Water 8:174. 



Process-Based Restoration

 Embraces the principles of process-based restoration - advocating that the 
protection and/or restoration of watershed-scale processes should, in 
general, supersede the restoration of strictly reach-scale conditions. 

 Restoration of normative rates and magnitudes of physical, chemical, and 
biological processes

 Focus on correcting anthropogenic disruptions - Minimal corrective intervention

 Advantages

 Emphasizes addressing causes of degradation rather than symptoms

 Invokes self-sustaining watershed and riverine processes to maintain conditions 
that might otherwise be a source of long-term maintenance or failure.

 Builds in resiliency by allowing the river to adjust and adapt 

 Disadvantages

 Implementation in practice is more challenging as it is more complex

 Assumes that restoring normative watershed processes can create and support 
desired habitat features, whether or not we fully understand the linkages 
between the watershed and its stream reaches. 



Example of Limiting-Factor Analysis 

versus Process-Based Restoration

 Problem:

 Low amounts of in-stream wood 

 Restoration Goal:

 Increase the presence and abundance of in-stream wood 

 Limiting-Factors Analysis Solution

 Focus on lack of wood in reaches 

 Physically add wood to rivers – log placements and 
engineered log jams

 Process-Based Restoration Solution

 Focus on lack of wood sources from the watershed

 Replant riparian forests and allow lateral migration to provide 
a sustainable source of logs and the geomorphic mechanism 
to bring them into river

 Hybrid Solution

 A long term riparian planting and wood recruitment program 
could be supplemented with logs and log structures intended 
to last several decades, but not forever



Examples of Process-Based Restoration in 

Pacific Northwest

 Beaver Reintroduction and 

Beaver Dam Analogs 



Examples of Process-Based Restoration 

in Pacific Northwest

Stage 0 Channel Design

Process-Based Classification

Cluer and Thorne (2014)

Combined former Channel 

Evolution Model’s

Schumm et al (1984)

Simon and Hupp (1986)

Modified and Tied to Stream 

Function



Cluer and Thorne (2014) Stream 

Evolution Model

 Shows channel evolution 
and processes at each 
stage

 Added Stage 0 (pre-
cursor stage)

 Added Stages 7 and 8 
(late stage evolution)

 Represents channel 
evolution as cyclical 
rather than linear

 Dashed arrows indicate 
“short circuits”

 Provides evolutionary 
“dead end”



SEM– Linked to Habitat and Ecosystem 

Benefits



Design and Implementation of Stage 0 

Channels and Valleys

 Stage 0 channels –

Physical and Vegetative 

Attributes

 Hydrologic Regime

 Flashiness and Flooding 

 Hydraulics and Substrate

 Velocities and Sed Size

 Dimensions and 

Morphology 

 Resiliency 

 Vegetation

 Amount and Types



Design and Implementation of Stage 0 

Channels and Valleys

 Stage 0 channels – Habitat and 
Ecosystem Benefits

 Habitat 

 Types and Diversity? 

 Biota 

 Biodiversity, native species, and 
productivity?

 Resilience and Persistence 

 Flood and sediment pulse 
attenuation?

 Vegetation persistence?

 Drought tolerance?

 Water Quality

 Water clarity?

 Temperatures?



Design and Implementation of Stage 0 

Channels and Valleys

 Design of Stage 0 Channels

 Primary project goal is to fully connect channels to the valley floor thereby 

maximizing interactions with roughness elements and promoting a depositional 

environment. 

Stream Power/Width  - Low 

Flow distributed

Stream Power/Width  - High

Form based restoration working against a “firehose”



Design and Implementation of Stage 0 

Channels and Valleys

 Powerslope Method – applied to stabilize a headcut

 Fill in the entire length of the incised gully from the headcut location, down to the 

change in valley type. Return the alluvial aquifer to the valley floor and promote 

the recovery of riparian dependent vegetation



Design and Implementation of Stage 0 

Channels and Valleys



Design and Implementation of Stage 0 

Channels and Valleys



Monitoring the Effectiveness of 

Restoration in the Pacific Northwest

 Pacific Northwest has some of the largest investments in stream restoration 

in North America, due to the listing of anadromous salmon and steelhead 

under the ESA

 Recently, a coordinated effort to assess the effectiveness of stream 

restoration has begun in the Pacific Northwest

 Establishment of several intensively monitored watershed (IMW) experiments 

 IMW – experiment in one or more catchments with a well-developed, long-

term monitoring program to determine watershed-scale fish and habitat 

responses to restoration actions. 

 Goals – determine the effectiveness of restoration actions at increasing 

salmon and steelhead productivity, determine causal mechanisms of fish 

responses to restoration, and ultimately extrapolate the results to other 

watersheds where intensive monitoring is not possibly due to limited 

budgets. 



Monitoring the Effectiveness of 

Restoration in the Pacific Northwest

 17 Projects in the Pacific Northwest that 

are IMW

 Most common restoration actions being 

evaluated 

 Instream placement of wood

 Reconnection/improved access to 

tributary and floodplain habitats

 Barrier removal 

 Beaver Dams/BDAs

Source: Stephen Bennett, George Pess, Nicolaas Bouwes, Phil Roni, Robert E. 

Bilby, Sean Gallagher, Jim Ruzycki, Thomas Buehrens, Kirk Krueger, William 

Ehinger, Joseph Anderson, Chris Jordan, Brett Bowersox & Correigh Greene 

(2016) Progress and Challenges of Testing the Effectiveness of Stream 

Restoration in the Pacific Northwest Using Intensively Monitored Watersheds, 

Fisheries, 41:2, 92-103, DOI: 10.1080/03632415.2015.1127805 



Example of IMW – Bridge Creek, OR

Slides Source: 

Bouwes, N., Weber, N., Wheaton, J., 

Jordan, C., Pollack, M., Volk, C., and 

Wathan, G. – Part of Workshop 

delievered to Sage Grouse Initiative, 

Pheasants Forever, and NRCS (2016)



Example of IMW



Bridge Creek IMW, OR



Bridge Creek IMW, OR

 Testing BDA 

Assisted Recovery

 Benefits to Fish 

Populations and 

Habitat

 Adaptive 

Management 

with IMW



Bridge Creek IMW, OR

 Before-After-

Control-Impact 

(BACI) Design

Monitoring started in 

2005

 Restoration 

Implemented in 

2009

Control Reaches in 

same watershed 

and in different 

watershed



Bridge Creek IMW, OR



Bridge Creek IMW, OR



Bridge Creek IMW, OR

HABITAT COMPLEXITY



Bridge Creek IMW, OR



Monitoring the Effectiveness of 

Restoration in the Pacific Northwest

 Status of Monitoring efforts

 Most restoration actions haven’t been implemented long enough to have been fully 

evaluated but some preliminary results have demonstrated habitat and fish responses

 Some Initial Results:

 Most immediate responses have been from reconnecting habitats

 Reconnecting floodplain habitat and reducing incision using BDAs has led to increases 

in production of juvenile steelhead at very low cost.

 Reconnection of side channels has increases habitat area and fish capacity 

 Restoration using large wood has changed physical habitat by increases pools and 

side channels

 Increases in wood have also resulted in increase in juvenile fish density and survival

 Learning from this array of IMWs, and looking to implement more – still more time 

needed to get answers, but will be useful to extrapolate results to other 

watersheds and restoration actions



Discussion Points

 Expand your Horizons

 Can attending other regions conferences help with your local region’s river 

restoration efforts?  What can you possibly learn? 

 The Art of Compromise

 In the Spirit of the River . . . Do we have to always argue over using all limiting 

factors analysis (Form) OR all process-based (Function)?  Can we discuss and 

develop a more sustainable happy medium in a hybrid approach? Would this 

hybrid approach build in more sustainability and resiliency in our rivers?

 Learning from Our Actions

 What kind of monitoring efforts are being done in Colorado, especially after all 

the money put toward flood recovery? What questions are you trying to answer? 

How are you monitoring?  

 Instead of monitoring EVERY project, can we focus efforts on a number of IMWs 

to answer questions and potentially extrapolate results in a given region? Can 

you learn from IMW efforts in the Pacific Northwest?


