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1. Two approaches to restoration planning (LFA and 
PBR): different, but complementary 

2. Recovery of processes vs. construction of forms 

3. Processes occur over a range of spatial and 
temporal scales (regional to local, long-term to 
short-term) 

4. Restoration occurs in both natural and human 
landscapes: thus, we must recognize social 
“processes” 

5. Integrating these components is possible, 
beneficial, and probably necessary for restoration 
success 



OUTLINE: 
• Themes of the presentation 

• What is “the problem”? 

• What is Limiting Factor Analysis? 

• What is Process-Based Restoration? 

• How are they being implemented in the Columbia 

Basin?  

• How might we improve on the status quo? 

 



The “problem”: 



The “problem”: site-specific, symptomatic actions 



January 1996 

From Kondolf et al. 2001 

Uvas Creek, Gilroy, CA 
The “problem”: 



From Kondolf et al. 2001 

June 1997 
Uvas Creek, Gilroy, CA 

The “problem”: site-specific  solutions without 
watershed context or process understanding 
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“An analysis of factors limiting production of salmonids in streams 
must be completed before any habitat-enhancement program is 
begun. This paper outlines the first formal procedure for identifying 
physical habitats limiting production of coho salmon.” 

“The following key is designed to help fishery managers identify factors 
limiting the production of juvenile coho salmon (Oncorhynchus kisutch 
(Walbaum)) in streams of coastal and interior (west of the Cascade 
Range) Oregon and Washington. The key…is designed to identify 
potential physical limitations to fish production that may be moderated 
or removed by habitat rehabilitation or enhancement programs.” 

“The model assumes that when the habitat needed by a species during 
a particular season of the year is in short supply, a bottleneck is 
created and the species will suffer extensive density-dependent 
mortality. If the population is reduced to a level such that subsequent 
habitats are underseeded, the habitat producing the bottleneck is 
identified as the limiting habitat.”  

Reeves et al. 1989 



“We recognize that factors other than physical features, such as 
nutrients and food availability, may limit production of juvenile 
salmonids. We feel, however, that neither the procedures for 
identifying such limitations nor the techniques for eliminating them 
are well developed and therefore they are not yet useful to fishery 
managers.” 



“We recognize that factors other than physical features, such as 
nutrients and food availability, may limit production of juvenile 
salmonids. We feel, however, that neither the procedures for 
identifying such limitations nor the techniques for eliminating them 
are well developed and therefore they are not yet useful to fishery 
managers.” 

(…as of 1989) 



Summary of Limiting Factors Analysis: 
 
APPROACH: What physical habitat is in short supply? Rebuild it. 
 

PRO:  
• Intuitive 

• clear chain of cause-and-effect 

• directly responsive to the perceived “problem” (i.e., low numbers of fish) 
 

CON:  
• limited physical habitat may not be the worst/only problem (this limitation 

was recognized by the developers) (but forgotten by practitioners?) 

• invites symptomatic fixes 

• silent on whether/how habitat features can persist over time 
 

 LFA can disclose critical problems, but it has the potential to 
produce solutions overly limited in both space (i.e., building 
reach-scale habitat “features”) and time (i.e., features not 
sustained long-term by watershed and in-stream processes) 



On what basis do we believe that 
fish will respond to the construction 

of “suitable” habitat??? 
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Correcting the causes of stream degradation: 
Process-based restoration 
 
Process-based restoration, then, focuses on correcting 
anthropogenic disruptions to [watershed and riverine] 
processes, such that the river-floodplain ecosystem 
progresses along a recovery trajectory with minimal 
corrective intervention…” 
 
 
 

Beechie et al. 2010 

Beechie, T.J., Sear, D.A., Olden, J.D., Pess, G.R., Buffington, J.M., Moir, H., Roni, P., Pollock, 
M.M. Process-based principles for restoring river ecosystems (2010) BioScience, 60 (3), pp. 
209-222. 



(2013) 



Principle 1: Target the root causes of habitat and 
ecosystem change. 
 
Principle 2: Tailor restoration actions to local 
potential. 
 
Principle 3: Match the scale of the restoration to the 
scale of the problem. 
 
Principle 4: Be explicit about expected outcomes.   

Beechie et al. 2010, Process-Based Restoration 



Principle 1: Target the root causes of habitat and 
ecosystem change. 

For example…. 
 

SYMPTOM  RESPONSE (not “process-based restoration”) 

Few pools  build LWD structures 

Eroding banks  armor the bank 

Instead, consider: 

CAUSE  SYMPTOM  RESPONSE 

High sediment loads  few pools  reduce sediment inputs                                  

Levee confinement  eroding banks  setbacks, riparian zone 

Beechie et al. 2010, Process-Based Restoration 



Principle 2: Tailor restoration actions to local 
potential  (don’t make a ditch into a Chinook spawning channel). 

“Restoration designs and techniques should be tailored to 
local physical and biological potential, which are controlled by 
processes operating at regional, watershed, reach, and site 
scales…Restoration targets consistent with natural potential 
can be identified through historical analysis and by assessing 
disruptions to the primary driving processes.” 
 

So—assessments to support restoration need to address: 

• Processes at multiple scales 

• Historical processes and conditions 

• How those processes have been disrupted 

Beechie et al. 2010, Process-Based Restoration 



Principle 3: Match the scale of the restoration to the 
scale of the problem.   

Beechie et al. 2010, Process-Based Restoration 

When disrupted processes causing degradation are at the reach scale (e.g., channel 
modification), restoration actions at individual sites can effectively address root causes.   

BUT--when causes of degradation are at the watershed scale (e.g., increased runoff and 
erosion due to impervious surfaces), many individual site-scale (and broader) actions will be 
needed. 

For example, recovery of wide-ranging fishes (e.g., Pacific or Atlantic salmon) requires 
restoration planning and implementation at the scale of population ranges. 



Principle 4: Be explicit about expected outcomes.   

Beechie et al. 2010, Process-Based Restoration 

Process-based restoration is a long-term 
endeavor and there are often long lag times 
between implementation and recovery.   
 
Ecosystem features will also continuously 
change through natural dynamics, and biota 
may not improve dramatically with any 
single individual action. 
 
Hence, quantifying the restoration outcome 
is critical to setting realistic expectations 
for river restoration.  



Consequences of embracing the 4 principles of Process-Based Restoration:  
 

1. Every location in a channel network is a product of its specific 
combination of local, watershed, and regional conditions (Principle 
2).  

2. These drivers of habitat conditions are multi-scalar, so both analyses 
and solutions must be multi-scalar as well (Principles 1 & 3). 

3. Changes to watershed processes take time to be expressed by 
changes to instream conditions (Principle 4). 

4. Modifying/restoring watershed processes typically must occur on a 
human-occupied landscape, and this dimension must be incorporated 
into restoration planning (Principle 3).  

 



Consequences of embracing the 4 principles of Process-Based Restoration:  
 

The connection between (1) the restoration of watershed 
processes and (2) the response of in-stream habitat can be slow 
and indirect, and these efforts do not come with a money-back 
guarantee. This approach is, in its own way, “faith-based 
restoration” as well: if you restore processes, recovery of 
degraded habitat will ultimately occur, and persist. 
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November 2013 



Lower White River Reach Assessment (2013) 



Lower White River Reach Assessment (2013) 

(?) 





Gray Reach Assessment (2013) 



Gray Reach Assessment (2013) 



In this reach assessment, LF’s were identified as: 

1. Lack of overwintering juvenile rearing habitat 
2. Lack of instream structure 
3. Loss of well-established riparian vegetation and cover 
4. (Excess fine sediment) 
5. (Fluctuating summer water temperature) 

 

Gray Reach Assessment (2013) 



Gray Reach Assessment (2013) 



Big Valley Reach 
Assessment (2008) 



Big Valley Reach 
Assessment (2008) 



Other “watershed 
processes”? 

Big Valley Reach  



Twisp-to-Carlton Reach of the 
Middle Methow River 







Twisp-to-Carlton Reach RM 36.5: Protection of (largely) intact processes  



Twisp-to-Carlton Reach RM 36.5: Protection of (largely) intact processes  

Locally  
armored banks 



Twisp-to-Carlton Reach RM 36.5: Protection of (largely) intact processes  

Historical  
channel  
positions  
1983-2013 



Twisp-to-Carlton Reach RM 38.25: Recovery of processes  



RM 38.25 levee 



Twisp-to-Carlton Reach RM 35.20: Site-specific impairment 



The 
“Atlas 
Process” 



The approach: Atlas gathers available basin-scale data, and 
then uses successive levels of data refinement to identify 
specific opportunities for future restoration projects.   

Subbasin plan 

Recovery plan 

Atlas 

Project opportunities identified 



A pilot evaluation of the Atlas Process: the Grande Ronde Basin 

Engaging local and watershed-level 
scientific input to combine 
“bottom-up” (LFA) and “top-down” 
(PBR) approaches, plus social 
elements. It's in the early stages of 
development and we look forward 
to the outcome. 



Framework Kick-off Meeting

Review & Refine Biologically 
Significant Reach Breaks & LF’s

Overlay Fish Use & Periodicity

Science TAC

Stakeholder TAC

Atlas of Restoration Opportunities

Stakeholder Information
And Collaboration Investment

Partnership 
LeveragingImplementation Prioritization

Biological Integrity & 
Feasibility

Restoration Implementation Strategy

Identify Activity Types to Address LFs

Gather Available GIS Data Layers

Opportunity Identification per 
Science TAC input

Review and Revise

Develop draft Opportunity Ranking 
& Prioritization Matrix

Project Proposal

Review and Revise

Accountability for Restoration 
Investment

Public 

Outreach

Sub-basin plan 

Recovery plan 

The Atlas Process in the 
Grande Ronde basin: 
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Towards a comprehensive restoration strategy 
 

1. Comprehensive restoration planning should include  
“bottom-up” assessment (LFA), “top-down” analysis (PBA), 
and full engagement with the social landscape 

2. Ideally this approach should be applied in areas with: 

 Adequate funding (it’s not necessarily cheap) 

 Engaged collaborators (it’s not necessarily easy) 

 A large landscape area (ill-suited to severe constraints) 

 

 



 
 

3. Potential applications elsewhere (e.g., the Klamath Basin): 

 Ideal big landscape 

 Extensive scientific analyses and studies 

 Large, established stakeholder forums 

 Federal & state funding 

 

 

Klamath Wetland Restoration Project with 
The Nature Conservancy, 

 Cardno (2014) 

Towards a comprehensive restoration strategy 



Our thanks to colleagues at Cardno, 
NMFS, and the Bureau of Reclamation 


