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EXECUTIVE SUMMARY 


The Chehalis Basin is a region rich in native wildlife, 
working lands, and cultural significance that is 
economically and ecologically vital to the state and 
region. The basin is one of the only remaining river 
basins in Washington where no salmon species are 
listed as threatened or endangered. It is also home 
to the most diverse assemblage of amphibian 
species in the state, including Oregon spotted frog 
(an Endangered Species Act [ESA] threatened 
species) and numerous other native fish and 
wildlife species. The 2,700-square-mile Chehalis 
Basin (Water Resource Inventory Areas 22 and 23) 
has more than 3,400 miles of identified perennial 
streams and is the second largest watershed in 
Washington State. The basin encompasses the 
Chehalis River and its tributaries, all other 
tributaries to Grays Harbor (see Figure S-1 at the 
end of this section), and a large expanse of 
floodplain habitats with lower levels of 
development than many other basins in the Pacific 
Northwest. The fish and aquatic resources of the 
Chehalis Basin are of regional, national, and 
international significance to tribal, commercial, and 
sport fishing interests. 


However, the ecosystem has been substantially 
changed from historical conditions through activities 
such as removal of wood from rivers, use of splash 
dams, channel straightening, and removal of riparian 
forest. These actions contributed to channel incision 
that disconnected the river from side channels and 
floodplain wetlands and reduced cover, shading, 
and aquatic habitat area. After decades of 
significant degradation of habitat and natural 
processes from development and land uses, aquatic 
species face a grave future under the status quo. 


The Aquatic Species Restoration Plan (ASRP) is a 
major element of the Chehalis Basin Strategy, 
an initiative led by the State Office of the 
Chehalis Basin and overseen by the Chehalis 
Basin Board. The Quinault Indian Nation, the 
Confederated Tribes of the Chehalis 
Reservation, and the Washington Department 
of Fish and Wildlife have been key co-authors in 
the ASRP’s creation.  
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Estimates indicate that existing salmon populations 
are less than half of their historic run sizes, with 
spring-run Chinook salmon currently just 23% of 
historic run sizes in the Chehalis Basin (PFMC 2019; 
Hiss and Knudsen 1993). Sustaining the productivity 
of native aquatic species will require rebuilding 
ecosystem resiliency through a network of 
interconnected habitats. Without aggressive 
protection and restoration actions, climate change 
and future human development will increasingly 
threaten the viability of aquatic species in the 
Chehalis Basin. If meaningful actions are not taken, 
the best available science projects devastating 
effects—for example, the basin’s spring-run 
Chinook salmon, an important food source for 
tribal communities as well as for orca whales, could 
be extinct by the end of the century. This bleak 
outlook demands urgent attention, but it also 
presents historic opportunity. By following the 
roadmap laid out in this Aquatic Species Restoration 
Plan (ASRP), the basin’s aquatic species and 
habitats can be restored and protected now to help 
ensure a resilient, flourishing basin into the future. 
The Chehalis Basin holds great promise when 
compared to other regions in the state where more 
significant degradation and ESA listings have 
already occurred and population and development 
pressures are greater. Opportunity still exists to 
avoid more intensive regulatory-driven recovery 
measures and act on our stewardship 
responsibilities in the Chehalis Basin to ensure a 
brighter future for native salmon and aquatic 
species, along with the communities who depend 
on and benefit from them.  


An aggressive, sustained level of commitment and 
action will be required to restore the basin’s 
habitats. The ASRP portrays a comprehensive 
analysis of necessary actions, which is based on a 
quantity and quality of coordinated scientific 


“Our Chehalis culture is 
inseparably linked to the 
Chehalis River, which we call 
nsúlapš, which translates literally 
to ‘my river of wealth.’ The 
abundance provided by this 
watershed has fed our people 
and shaped our lifeways since a 
time beyond the reach of 
memory. Protecting and 
enhancing the aquatic resources 
of the Chehalis Basin must be 
vigorously pursued to preserve 
the river for the benefit of all 
citizens and future generations. 
The Confederated Tribes of the 
Chehalis Reservation support the 
immediate and comprehensive 
restoration efforts described in 
the Aquatic Species Restoration 
Plan and look forward to a 
future of a healthy, sustainable 
watershed.”  


—Harry Pickernell, Chairman, Confederated 
Tribes of the Chehalis Reservation 


“The lower Chehalis River and its 
estuary make up the most 
important economic waterway 
for Quinault fishermen. The 
ambitious scale and generational 
perspective of the ASRP truly 
matches the uphill battle we face 
in rebuilding our sacred salmon 
runs. We appreciate the 
commitment and look forward to 
working with the state and other 
leaders across the Basin to see it 
come to fruition.”  


—Tyson Johnston, Vice-President, 
Quinault Indian Nation  
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analysis unprecedented anywhere in Washington. 
It provides a detailed, science-based roadmap for 
restoring habitat and protecting intact ecosystems 
of aquatic species along the rivers and streams in 
the Chehalis Basin. The actions identified through 
the ASRP chart a course toward the best chance to 
support healthy and harvestable salmon 
populations, robust and diverse populations of 
native aquatic and semi-aquatic species, and 
productive ecosystems that are more resilient to 
climate change and human-caused stressors.  


Collectively, the ASRP strives to honor the social, 
economic, and cultural values of the region and 
maintain working lands. The importance of 
community involvement in the ASRP cannot be overstated—most of the actions proposed in the ASRP 
would occur on private land, and the program relies on landowners willing to collaborate in this important 
undertaking to be successful. The prospect for recovery is highly achievable in the Chehalis Basin, largely 
because much of the land use is still rural agriculture and working forest lands and the basin does not yet 
have highly developed, sprawling urban centers (as is the case in other regions of the state).  


The scope of the ASRP focuses on taking action where the greatest potential exists to provide 
substantial gains for aquatic species, while recognizing the dynamic uncertainties of external factors 
such as estuary, ocean, hatchery, harvest, invasive species, and climate change conditions. The ASRP 
honors existing community values, builds on previous actions to protect and restore basin habitat and 
ecological processes, and complements investments the state has already made in aquatic species 
habitat restoration and protection.  


  


“The Chehalis River and its 
tributaries provides for culturally 
and economically important 
commercial, sport and tribal 
fisheries. The technical work over 
the last seven years has moved 
the basin from data poor to a 
much richer understanding of the 
ecological processes, aquatic 
species, and means to reduce 
flood damage.”  


—Kelly Susewind, Director, Washington 
Department of Fish and Wildlife 
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Aquatic Species Restoration Plan 
Development 
The Quinault Indian Nation, the Confederated Tribes of 
the Chehalis Reservation, and the Washington 
Department of Fish and Wildlife have worked together 
with farmers, foresters, conservationists, other state 
agencies, local governments, and local landowners to 
understand opportunities and challenges and to 
inform the development of this plan.  


The ASRP is being developed as a major component of 
the Chehalis Basin Strategy through a collaborative, 
sustained effort in three phases. This ASRP Phase 1 
document illustrates what is known about the basin, 
explores what the program could achieve under 
different scenarios (or levels of effort), and presents 
estimated costs for each scenario. The document 
analyzes each of the basin’s ecological regions (see 
Section 5), identifies geographic priorities for action, 
conducts modeling of expected outcomes, and refines 
prior outcome and investment estimates. The ASRP 
co-authors and the Chehalis Basin Board will use 
feedback received from stakeholders and the public 
on this ASRP Phase 1 document to inform the next 
phases of plan development. 


Phase 2 of the ASRP includes detailed science and 
policy work to refine the priorities for sequencing 
specific projects and actions, refine cost estimates, 
develop a full Monitoring and Adaptive Management 
(M&AM) Plan, and coordinate the ASRP with other 
elements of the Chehalis Basin Strategy. Continued 
involvement by local groups and implementing parties 
will be needed as the ASRP continues to build 
strategies for successful implementation—including 
landowner participation, project planning, and project 
evaluation processes. The Chehalis Basin Board will 
then engage in a public process with tribes, local and 
state government agencies, the broader basin Bottom photo credit: Kasia Pierzga 
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community, and other interested stakeholders to ultimately recommend a long-term Chehalis Basin 
Strategy to the Washington State Legislature. This long-term strategy will include a refined Phase 3 ASRP, 
which will outline desired outcomes and the associated level of investment needed to achieve those 
outcomes, along with the Board’s recommended flood damage reduction actions. The Board’s 
recommended long-term strategy is anticipated in late 2020. 


Development of Strategies and Actions  
A key element necessary for developing a restoration plan is to strategically prioritize essential actions, 
including where and when those actions should occur to provide the greatest short-term and long-term 
habitat benefits. To support the prioritization process, the basin was examined as 10 ecological regions 
based on underlying geology, topography, climate and hydrologic regime, and channel characteristics. 
The strategic prioritization was informed by the following:  


• Recent scientific studies, mapping, and fish passage barrier assessments  


• Current and historical knowledge and expertise from Chehalis Basin scientists and practitioners 


• Pertinent historical data and mapping for the Chehalis Basin  


• The Ecosystem Diagnosis and Treatment (EDT) salmon habitat model 


• Baseline information from the National Oceanic and Atmospheric Administration (NOAA) 
salmonid life-cycle model  


• On-the-ground observations and analyses by the ASRP Science and Technical Review Team  


• Chehalis Basin-specific climate change modeling projections  


The prioritization process identified areas within each of the basin’s ecological regions with the best 
opportunities to protect and improve species performance and increase spatial distribution and diversity 
of species. This Phase 1 document provides projections of conditions the ASRP could achieve under 
three additive restoration scenarios (see Figure S-2), which were built from the prioritization process, 
along with estimated costs for each scenario. The scenarios were built on the following key themes 
toward sustained, long-term restoration of vital ecosystem functions: 


• Scenario 1 protects and enhances existing core habitats for all aquatic species. It protects and 
restores more than 200 miles of river/stream habitat; corrects 200 fish passage barriers, 
improving access to approximately 200 miles of river/tributary habitat; and restores more than 
9,000 acres of riparian and floodplain habitats.  


• Scenario 2 builds on Scenario 1 to protect and enhance existing core habitat areas, with the 
additional focus of restoring the best opportunities to benefit multiple species and increase 
spatial distribution. Adding more enhancement opportunities, this scenario protects and restores 
more than 300 miles of river/stream habitat; corrects 300 fish passage barriers, improving access 
to more than 300 miles of river/tributary habitat; and restores more than 10,200 acres of riparian 
and floodplain habitats. 
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• Scenario 3 builds on Scenario 2, with an added focus of increasing spatial and life history diversity 
and distribution of species throughout more of the basin. It protects and restores 450 miles of 
river/stream habitats; corrects 450 fish passage barriers, improving access to more than 400 miles 
of river/tributary habitat; and restores more than 15,300 acres of riparian and floodplain habitats. 


Each scenario will restore impaired ecosystem processes and protect high functioning areas by targeting 
the following: 


• Riparian forested areas that can provide the large wood, nutrients, shading and cooling, stream 
bank protection, and fish and wildlife migration corridors needed by aquatic species 


• Floodplain and off-channel habitats and wetlands that will improve watershed connectivity, 
water storage and exchange to augment low flows and reduce water temperatures, and highly 
diverse fish and wildlife habitat 


• In-channel large wood restoration to increase cover and roughness, decrease channel incision, 
retain and sort sediments, create deep pools, and improve channel complexity and floodplain 
connectivity in strategic locations 


• Correction of selected fish passage barriers to improve access to upstream habitats 


To understand the potential benefits of conducting restoration, the three scenarios were compared to 
two baseline conditions: 1) a Base scenario, which reflects current conditions throughout the basin; and 
2) a No Action scenario, which represents projected future conditions without the ASRP, based on 
modeling. The modeled No Action scenario accounts for potential negative effects from climate change 
and development pressures, as well as anticipated positive effects from the maturation of riparian forests 
within managed forest lands1 as presently required under the Washington Forest Practices Act. The three 
restoration scenarios also incorporate the assumptions listed in this section and apply differing levels of 
restoration and protection actions. To evaluate potential future conditions, mid-century (approximately 
2040) and late century (approximately 2080) conditions were selected for comparison based on available 
climate projections.  


In addition to outlining and evaluating the three restoration scenarios, this ASRP Phase 1 document 
identifies strategies and the types of actions needed to protect unique habitats and strategic areas that 
support critical ecosystem functions and native species. It also outlines approaches for basin 
communities to more effectively plan for current and future conditions, and it discusses strategies 
needed to engage landowners and local governments to ensure support and implementation of the 
ASRP actions. The magnitude of proposed actions relies on community support through effective land 
use planning protections and landowner participation to be successful. Finally, this ASRP Phase 1 
document identifies potential ways to build the institutional capacity of existing organizations to ensure 
the ASRP is truly a community-based restoration, protection, and planning program.   


 
1 “Managed forest lands” are defined as lands outside of federal management that are more than 80 contiguous forested acres. Managed forest 
lands include publicly and privately managed forest lands, most of which fall under the Washington Forest Practices Act and Habitat Conservation 
Plans. Most of the areas outside of managed forest lands are downstream of the publicly and privately managed forest lands. 
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Expected Outcomes and Associated Costs 
The ASRP development process has included a 
detailed analysis and modeling of potential climate 
impacts at the watershed level. If no action is 
taken, model results project that anticipated future 
climate change and habitat degradation will lead to 
substantial declines for all salmon and steelhead 
species. The effects of climate change and habitat 
degradation will also have similar negative effects 
on the suite of amphibian species. The effects are 
especially sobering for spring-run Chinook salmon, 
which are anticipated to decline to the point of 
becoming functionally extinct by 2080. The 
projected declines in salmon species are so 
extensive that even substantial restoration 
scenarios are projected to result in only modest 
gains (see summary in Figure S-3). These declining 
baseline model results point to a dire future for 
species in the basin unless unprecedented, 
aggressive action is taken immediately to reverse 
the trajectory for salmon and other aquatic species. 
The longer we wait, the harder it will be. 


Implementing Scenario 1 would generally halt the species declines that are projected to occur from 
climate change in the mid-century time frame. Compared to the No Action scenario, Scenario 1 would 
provide substantial gains to salmon and steelhead by both mid-century and late century.  


Scenario 2 would provide modest additional benefits beyond the Scenario 1 projections and focuses on 
important smaller sub-basins that historically produced healthy runs of coho salmon, chum salmon, and 
steelhead. In addition, Scenario 2 targets geographic areas that could provide significant available 
quality habitat for amphibian species, which is not illustrated in these modeling results.  


Scenario 3 would provide more substantial habitat gains above both Scenarios 1 and 2 and also expands 
spatial diversity (or distribution of local populations) for coho salmon, spring- and fall-run Chinook 
salmon, and steelhead into more geographic areas of the basin. Scenario 3 is the only scenario that 
would significantly increase ecosystem resiliency, therefore reducing the risk of functional extinction for 
any localized population. Similar to reducing the risk of loss by diversifying a stock portfolio, enabling 
species to be distributed more broadly throughout the basin through Scenario 3 would reduce the 
extinction risk to any one localized population.  


  


Understanding Expected 
Outcomes 


It is important to note that the modeled 
outcomes assume all ASRP actions are 
implemented immediately. Implementation will 
take two or more decades, so additional actions 
may be necessary to achieve desired outcomes. 
If habitat conditions degrade from present-day 
conditions due to human activities and/or 
climate change impacts before ASRP 
implementation, the expected outcomes of 
ASRP actions will be reduced. 


Uncertainties and variability of fish population 
modeling results are discussed further in 
Section 7.3. Population estimates are based on 
habitat potential—the amount of fish the 
improved habitat could support—and not 
actual run sizes. They should not be interpreted 
as a guarantee of the number of fish that will be 
produced in, or return to, the basin.  







Figure S-3
Expected Outcomes for Salmon
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Species Population Response 
Strategies and actions proposed in this phase of the ASRP would restore and protect vital habitat and 
impaired processes throughout the basin. Analysis of the impact of restoration scenarios on salmon and 
steelhead indicates that restoration could have a substantial and tangible benefit over no action (see 
Figure S-3). The ability to positively affect salmon and steelhead depends, in part, on the investment in 
restoration and protection of their habitats.  


The outcomes for aquatic species other than salmonids have not been quantified to the same extent at 
this time because much less information exists about these species. The restoration and protection 
actions in this ASRP Phase 1 document are likely to result in substantial positive outcomes for the range 
of potential aquatic indicator species within the ASRP. Further recommendations for other native 
aquatic species will be developed in the next phases of the ASRP. 


Cost Estimates 
Cost estimates have been developed for the three scenarios and additional investments needed to 
ensure a resilient future for the Chehalis Basin. The combination of sustained aggressive funding, basin-
wide landowner willingness, large-scale political support, and committed implementation are vital to the 
success of this plan. The cost estimates for the restoration scenarios range from a low of $300 million to 
$600 million for Scenario 1 to a high of $550 million to $1.1 billion for Scenario 3. These estimates 
include costs associated with protection of existing habitat conditions from human activities, removal of 
fish passage barriers, placement of large wood and logjams in stream channels, planting native trees and 
shrubs in riparian zones, reconnecting side channels and wetlands, and restoring floodplain habitats for 
aquatic species.  


The biggest contributor to the cost estimates is the construction of riparian and floodplain habitats as 
outlined in Section 8. Funding the restoration and protection actions at the scales proposed would 
directly address the most significant limiting factors for aquatic species in sub-basins throughout the 
Chehalis Basin. In addition to costs associated with riparian and instream restoration and protection, 
estimates include costs for land use planning and process protection strategies, community involvement 
actions, and ongoing operations and maintenance. The sustained and holistic funding and 
implementation of the ASRP is a long-term investment in the communities of the Chehalis Basin. 
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Following review of this document, additional analysis will occur to develop a refined ASRP scenario that 
can be selected by the Chehalis Basin Board to be carried forward as a final plan. In addition, further 
refinements to actions, outcomes, and costs will be provided; a detailed implementation and 
sequencing plan will be developed; and efficiencies between projects will be identified. 


Through the strategies documented in this plan, the ASRP provides a detailed, science-based roadmap 
for restoring habitat and protecting unique ecosystem features for aquatic species along the rivers and 
streams in the Chehalis Basin—areas where climate change and habitat degradation pose grave risks to 
the native species that depend on the freshwater environment. The ASRP is a historic opportunity to 
reverse the alarming trends of decline by using a collaborative, community-driven, science-based 
approach. When implemented, the ASRP will protect and restore ecosystem resiliency throughout the 
Chehalis Basin, now and into the future. Through aggressive investment, landowner participation, 
sustained political commitment, and community planning, the ASRP can not only halt the decline of 
native species—it can also build a resilient ecosystem that sustains aquatic species for future generations.  


 


A real potential exists for significantly improving wild salmon runs and other 
aquatic species in the Chehalis Basin—improvements that will be resilient to 
the threats of climate change and deliver sustainable ecological services and 
other cultural and economic benefits to the basin and its residents. 
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Restoring Washington’s Biodiversity 


We need bold action and adequate funding 
to avoid collapse of fish, wildlife, and 
ecosystems in Washington.Washington Department of


FISH & WILDLIFE


Priority investments needed to restore Washington’s biodiversity


Goals: Vastly expand and improve the effec�veness of habitat protec�on 
and restora�on efforts, implement species recovery ac�ons, and increase 
our knowledge about Species of Greatest Conserva�on Need (SGCN) 
popula�ons to: 
1. Increase the scope and scale of biodiversity recovery in Washington. 
2. Prevent the need for future lis�ngs under the federal Endangered Species Act (ESA). 
3. Provide scien�fic feedback to influence habitat protec�on and restora�on and 
       recovery efforts.
  


Request: WDFW is reques�ng $47.6M to fund implementa�on of the 
State Wildlife Ac�on Plan and other efforts to achieve 10% net gain 
of most important habitat, develop and implement ac�on plans for 80% 
of at-risk species, and increase public par�cipa�on in conserva�on 
by 25%.


Contact:
Tom McBride
Legislative Director
(360) 480-1472
tom.mcbride@dfw.wa.gov 


Worldwide, a species 
is going ex�nct every


10
Washington is home to 


 minutes.


The time to 
act is now. 


We need to protect 
every single one of 
them. 


268
Species of Greatest 
Conservation Need.


The Washington Department of Fish and Wildlife (WDFW) is 
falling further behind in being able to achieve conserva�on goals 
and fulfill our mandate to “preserve, protect, and perpetuate” 
fish and wildlife.  


The state’s biodiversity restora�on work is chronically underfunded, leaving the 
Department and policy makers with science gaps, incomplete knowledge of fish, 
wildlife, and habitat condi�ons, and the inability to comprehensively implement 
ac�ons that recover species or prevent their declines.  


We must hold the line on habitat loss and vastly increase scope and scale of 
implemen�ng recovery and restora�on ac�ons.  


Protect 
& restore
habitat


Implement
recovery


actions for
at-risk
species


Develop
conservation


stewards


Restore 
Washington’s 
biodiversity


Biodiversity is vital for Washington’s public health, culture, and economy 
Na�ve species and ecosystems contribute billions of dollars each year to fisheries, �mber harvest, outdoor recrea�on, and other 
sectors of Washington’s economy. People rely on healthy ecosystems for clean water, clean air, natural flood control, carbon 
sequestra�on, reduced noise pollu�on, decreased heat island effect in urban areas, cultural prac�ces, recrea�on, and health 
benefits. Unfortunately, fish, wildlife, and habitats are increasingly at risk in Washington. Popula�on growth and climate change 
have been the driving factors for landscape changes affec�ng biodiversity in Washington. 


This funding request will increase WDFW’s capacity to help recover at-risk species and their habitats. By preven�ng more species 
from needing protec�on under the federal Endangered Species Act (ESA), we can prevent regulatory burdens on local communi�es 
and have greater success at recovering biodiversity in Washington.  


1. Develop and implement recovery plans 
         • Increase on-the-ground ac�ons such as popula�on augmenta�ons or reintroduc�ons, address known 
         threats such as invasive species or disease, and improve habitat condi�ons.  
        • Reduce delays or backlogs in the development and implementa�on of recovery plans for state and federally 
         listed species and increase the pace and clarity of priority habitat and species guidance documents.


2.    Stop or slow declines in species and habitat loss 
        • Take ac�ons to keep at-risk species from becoming state or federally listed.  
        • Enhance the level of support for local, state, and federal decision makers and landowners through more 
         effec�ve and complete species and habitat informa�on, guidance, and technical assistance. 
        • Improve compliance with exis�ng laws and rules and increase landowner par�cipa�on in biodiversity. 


3.    Improve our knowledge of species and habitat status, trends, and needs 
        • Increase science, planning, and ac�on implementa�on capacity to fill cri�cal knowledge gaps that will 
         enable enhanced clarity of species popula�on status and trends and habitat condi�ons. This will inform 
         conserva�on strategies and improve effec�veness of management and recovery ac�ons.


4.    Support partnerships, public engagement, and conserva�on educa�on 
        • Support cri�cal partner’s biodiversity work by providing technical assistance, conserva�on guidance 
         and data, and pass-through funding to support partner work.  
        • Grow community awareness, engagement, and par�cipa�on by helping Washingtonians contribute to 
         conserva�on in their spaces and local communi�es. 
        • Support future conserva�on leaders and stewards by providing informal and formal educa�onal 
         opportuni�es for K-12 students, families, and learners of all ages. 
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Species of Greatest Conservation Need (SGCN) by Ecoregion
Ecoregions provide a useful framework for coopera�ng with federal agencies, neighboring states, and Canadian provinces on conserva�on planning and implementa�on. 
Focusing conserva�on effort in the higher priority conserva�on areas within each ecoregion will have the most benefit for the greatest number of wildlife species and 
habitats of concern. 
The following provides an overview of each ecoregion and examples of SGCN that need immediate support. Please note: Some species may live in more than one ecoregion.  
  


Northwest Coast
Washington’s westernmost and we�est ecoregion 
extends from ocean depths to the Olympic Mountains’ 
glaciated peaks. To the north, Cape Fla�ery is the lower 
48 states’ most northwestern point. To the south, the mouth of the 
Columbia River marks the ecoregion’s southern border in WA.
Example species to support:
• Olympic mudminnow
• Pinto abalone
• Snowy plover


Puget Trough
Flanked by forested foothills and freshened by many 
rivers, the Puget Sound ecoregion is home to more  
than 75% of the state’s human popula�on. This ecoregion 
runs the length of Washington, rising to about 1,000 feet eleva�on 
between the Cascade Mountains on the east and the Olympic 
Mountains and Willapa Hills on the west.
Example species to support:
• Island marble bu�erfly
• Olympia oyster
• Streaked horned lark


Ecoregions
Blue Mountains
Canadian Rocky 
Mountains
Columbia Plateau
East Cascades
North Cascades
Northwest Coast
Okanogan
Puget Trough
West Cascades


North Cascades
Rare alpine daisies and thousand-year-old cedars are 
found in the North Cascades ecoregion, which contains 
some of the largest expanses of wilderness in the lower 
48 states. This ecoregion includes the Cascade Mountains north of 
Snoqualmie Pass and west of the Cascade crest northward into Bri�sh 
Columbia.
Example species to support:
• Westslope cu�hroat trout
• White-tailed ptarmigan
• Wolverine


West Cascades
Rumbling volcanoes, ancient forests, and a wealth of 
amphibian diversity are found in the West Cascades 
ecoregion which encompasses the westside midsec�on 
of the great Cascades cordillera. In Washington, the West Cascades 
run southward from Snoqualmie Pass to the Columbia Gorge, the 
only lowland divide in the range.    
Example species to support:
• Fisher
• Pacific lamprey
• Western pond turtle


Okanogan
In north-central Washington, the Okanogan ecoregion is 
a broad highland area separa�ng the North Cascades and 
the Northern Rockies. Scenic river valleys, like the Methow, 
the Okanogan, and the Colville, run north to south.  
Example species to support:
• Lynx
• Redband rainbow trout
• Sharp-tailed grouse


Canadian Rocky Mountains
The western edge of the Rocky Mountains forms this 
ecoregion in Washington’s northeastern corner. Made up 
primarily of the Selkirk Mountains, the ecoregion is bounded 
by the Okanogan ecoregion on the west and touches to the Columbian 
Plateau ecoregion on its southwestern edge. As some of Washington’s 
wildest country, this ecoregion is sparsely populated.   
Example species to support:
• Mountain whitefish
• Suckley's cuckoo bumble bee


Columbia Plateau
Two major rivers, the Columbia and the Snake, dominate 
the drama�c dry landscape of Washington’s largest 
ecoregion, which is also home to an inland sea of sagebrush 
and the state’s fer�le agricultural heartland.
Example species to support:
• Monarch bu�erfly
• Northern leopard frog
• White sturgeon
• Sagebrush sparrow
• Jackrabbits


Blue Mountains
As the smallest ecoregion in Washington, the rugged 
Blue Mountains in the state’s extreme southeastern corner 
have a rolling high plateau do�ed with ponderosa pine forests, 
ves�ges of Palouse prairie, and steeply cut rimrock canyons.     
Example species to support:
• Bull trout
• Rocky mountain tailed frog   


East Cascades
On the dry side of the Cascades lies one of Washington’s 
most diverse ecoregions, with open stands of ponderosa 
pine and Garry oak that abut the edge of the shrubsteppe. 
Crossing the Columbia River, this mountainous ecoregion con�nues south 
through the length of Oregon.  
Example species to support:
• Cascade red fox
• Hoary bat
• Western ridged mussel  


WDFW currently has li�le or no data on 130 Species of Greatest Conserva�on Need
In addi�on to conven�onal methods, WDFW will use innova�ve new technologies to monitor 
wildlife popula�ons and gather data, including remote cameras with scent dispensers, thermal 
cameras, automated radio telemetry, sonar surveys, and environmental DNA technology.  


Amphibians & 
Reptiles 13 species 


Birds
14 species


Fish/Shellfish
20 species 


Invertebrates
60 species 


Mammals
23 species 


We need to fill science and data gaps to guide species protec�on and 
recovery ac�ons
This funding request will increase science and planning capacity to fill cri�cal knowledge gaps of 
species and habitats. Answering priority ques�ons will help us understand threats, which will in 
turn inform recovery goals and management efforts. 


Ring-necked snake Burrowing owl Columbia river smelt Monarch bu�erfly Jackrabbit


10/11/2022


Individuals who need to receive this informa�on in an alterna�ve format, language, or who need reasonable 
accommoda�ons to par�cipate in WDFW-sponsored public mee�ngs and ac�vi�es may contact the Civil Rights 


Compliance Coordinator at 360-902-2575, TTY (711), or email (Title6@dfw.wa.gov).








Chehalis Basin Strategy Links to Information 


Chehalis Basin Strategy Home Page: https://chehalisbasinstrategy.com/  


Overview of Strategy: About the Chehalis Basin Strategy - Chehalis Basin Strategy  


Who’s Involved: Who's Involved – Chehalis Basin Strategy Partners - Chehalis Basin Strategy  


Aquatic Species Restoration Plan Executive Summary:  Chehalis Basin Strategy Aquatic Species 
Restoration Plan Executive Summary 


Aquatic Species Restoration Plan: Chehalis Basin Strategy Aquatic Species Restoration Plan Phase 1 
Document 


Proposed Chehalis River Dam: Chehalis River Basin Flood Damage Reduction Project - Chehalis Basin 
Strategy 


The Local Actions Non-Dam Alternative (LAND): The Local Actions Non-Dam Alternative (LAND) - 
Chehalis Basin Strategy 


Chehalis Basin Strategy Studies and Publications: Chehalis Basin Strategy Studies & Publications - 
Chehalis Basin Strategy 
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https://chehalisbasinstrategy.com/proposed-chehalis-river-dam/

https://chehalisbasinstrategy.com/proposed-chehalis-river-dam/

https://chehalisbasinstrategy.com/local-actions-non-dam-alternative/

https://chehalisbasinstrategy.com/local-actions-non-dam-alternative/

https://chehalisbasinstrategy.com/publications/

https://chehalisbasinstrategy.com/publications/






Project Name and 
Background 


Water Typing Strategy 
At the November 5, 2019 Forest Practices Board (Board) meeting the following 
motion was passed: 
“Recommend the Cooperative Monitoring, Evaluation and Research Committee 
(CMER) to develop study designs for the PHB validation, physical characteristics, 
and map based Lidar model studies. Design the studies for cost savings, including the 
phasing of the studies with eastern Washington to be initiated first, and the possibility 
and advisability of combining the PHB validation, physical characteristics and map 
based Lidar model studies, and then to report on the study designs to the Board by 
their May, 2020 meeting.” 
In December 2019, CMER voted that ISAG would be the lead in responding to the 
Board motion (above) and develop an overall CMER based Water Typing Strategy. 


Strategy Elements The CMER Water Typing Strategy will include (individually or in combination) the 
following elements: 


1. Potential Habitat Breaks (PHBs) 
2. Default Physical Criteria Assessment (DPC) 
3. LiDAR Based Water Typing Model 
4. Fish/Habitat Detection Using eDNA 


ISAG will consider whether, and if so how, to combine these elements (as directed by 
the Board), and to consider if/how additional elements may be added to the list. 


Work Plan Critical 
Question Addressed 


1. Potential Habitat Breaks (PHBs) (Critical questions from study design) 
• How can the line demarcating fish- and non-fish habitat waters be accurately 


identified? 
• To what extent does the current water typing survey window account for 


seasonal and annual variability in fish distribution considering potential 
geographic differences? 


• How do different fish species use seasonal habitats (timing, frequency, 
duration)? 


• How does the upstream extent of fish use at individual sites vary seasonally and 
annually? 


• How does the delineation of the upstream extent of fish habitat change 
seasonally? 


2. Default Physical Criteria Assessment (DPC) 
• To what extent do current default physical criteria for Type-F waters, 


considering potential geographic differences, accurately identify the upstream 
extent of (detected) fish presence (all species) and/or fish habitat? 


• Can alternative (to current) default physical criteria for Type-F waters, 
considering potential geographic differences, be identified that would more 
accurately and consistently identify the upstream extent of (detected) fish 
presence (all species) and/or fish habitat? 


• Are there sustained gradient or stream size thresholds alone that serve as default 
physical criteria? 


3. LiDAR Based Water Typing Model 
• To what extent can LiDAR be used with the current fish habitat model to 


develop a new model for predicting the upstream extent of fish habitat sufficient 
to meet the requirements of the Forest and Fish Agreement? 







4. Fish/Habitat Detection Using eDNA 
• How well and under what conditions does eDNA sampling accurately and 


consistently identify the upstream extent of fish presence, abundance, and/or 
fish habitat? 


Responsible SAG 
and Project Manager 


SAG: ISAG 
Project Manager: Anna Toledo 


Project Team 
Members  


PHB: Jason Walter (Weyerhaeuser Co./ISAG Co-Chair), Jenelle Black (CMER Science 
staff), Doug Martin (Martin Environmental/WFPA), Chris Mendoza (Conservation 
Caucus), and John Heimburg (WDFW). Former members include: Cody Thomas 
(Spokane Tribe of Indians/ISAG Co-Chair), Don Nauer (WDFW) 
DPC: Jason Walter (Weyerhaeuser Co./ISAG Co-Chair), Jenelle Black (CMER Science 
staff), Doug Martin (Martin Environmental/WFPA), Chris Mendoza (Conservation 
Caucus), John Heimburg (WDFW), Mark Meleason (County Caucus), and Emma 
Greenwood (Spokane Tribe of Indians) 


Status/Phase The PHB Study Design was approved by CMER in September 2022 and is currently in 
an interactive (open) ISPR process. The final ISPR-approved Study Design is expected 
in June 2023.  
The ISAG project team is currently working on the DPC study design, which is 
expected to be delivered to CMER to initiate concurrent CMER/ISAG review in 
February 2023. As part of their recommendation to the Board, ISAG will develop the 
LiDAR study design after the completion of the DPC and PHB study designs and 
development of a statewide LiDAR derived stream network.  
The eDNA final report and answers to the 6 questions were approved by CMER in 
May 2021. The final report was delivered to the Board with a presentation at their 
August 2021 meeting with a recommendation from Policy that no formal action be 
taken in response to the study. ISAG is exploring options for including an eDNA 
component into the PHB/DPC study designs.  


Expenditures 1. Potential Habitat Breaks (PHBs) 
Expenditures through FY22: $439,426 
2. Default Physical Criteria Assessment (DPC) 
Expenditures through FY19: $115,133 
3. LiDAR Based Water Typing Model 
Expenditures through FY19: $189,326 
4. Fish/Habitat Detection Using eDNA 
Expenditures through FY21: $65,012 


Project Timeline 


 


Timelines are based on the assumption that PHB and DPC will be implemented as part 
of the same field effort.  
1. Potential Habitat Breaks (PHBs) 
FY22-FY23: ISAG and CMER approval of study design, begin ISPR. 
FY23: Complete ISPR of study design and begin site selection. 
FY24: Develop Project Management Plan and begin site selection. 
FY25: Finish site selection and begin data collection. 
FY26-FY28: Data collection and analysis. 
FY28-FY29: Final report writing, review, and approval. 







2. Default Physical Criteria Assessment (DPC) 
FY22-FY24: Study design development, review, and approval. 
FY24: Develop Project Management Plan and begin site selection. 
FY25: Finish site selection and begin data collection. 
FY26-FY28: Data collection and analysis. 
FY28-FY29: Final report writing, review, and approval. 
3. LiDAR Based Water Typing Model (LiDAR) 
Timeline TBD upon completion of DPC and PHB studies. 
4. Fish/Habitat Detection Using eDNA 
FY22: The final report was delivered to the Board with a presentation at their August 
2021 meeting with a recommendation from Policy that no formal action be taken in 
response to the study. ISAG is currently working on a recommendation for possible 
inclusion of an eDNA component into the PHB and/or DPC study designs. 


Project Summary and Purpose 


Summary: Refine study designs for the PHB validation and DPC studies in FY21-FY24. Develop LiDAR 
study design after the completion of PHB and DPC, and development of statewide LiDAR derived stream 
network. Design the studies for cost savings, including the phasing of the studies in eastern Washington to 
be initiated first, and the possibility and advisability of combining the default physical criteria, PHB 
validation, and/or map-based LiDAR model studies. 
Purpose: To inform a permanent water typing system that meets FFR objectives. 


Project Objectives 


Determine possibility/advisability of combining the ‘Physicals,’ ‘PHB,’ and/or ‘LiDAR Model’ studies. Project 
specific objectives are listed below: 
1. Potential Habitat Breaks (PHBs) 


• Test the proposed PHB criteria and evaluate if those criteria or some other criteria will allow for the 
identification of potential habitat breaks for use in water typing to accurately and consistently identify the 
upstream extend of fish presence and/or fish habitat when determining the F/N break. 


• Determine which combinations of gradient, channel width, barriers to migration, and other physical habitat 
and geomorphic conditions of the Board identified PHB criteria best identify the upstream extent of habitat 
likely to be used by fish in an objective and repeatable manner as applied in the FHAM. 


• Provide insight into how last detected fish points, end of fish (EOF) habitat, and PHBs proposed by the 
Board may vary across ecoregions, seasons, and years. 


• Identify PHB criteria that can be used to delineate EOF habitat in forested streams across Washington; and 
better understand how PHBs may be influenced by seasonal and annual variability, and by location within 
Washington. 


2. Default Physical Criteria Assessment (DPC)  
• Compare and quantify how the current default physical criteria correspond to the uppermost point of fish 


presence and potential fish habitat. 
• Determine the physical characteristics of habitat likely to be used by fish. 
• Determine if sustained gradient or stream size thresholds alone serve as sufficient default physical criteria. 


3. LiDAR Based Water Typing Model 
• Prepare ‘LiDAR Model’ study design to evaluate the effectiveness of a LiDAR based logistic regression 


model to identify and locate the extent of presumed fish habitat across the state. 
• Develop a logistic regression model that predicts fish habitat across non-federal forestlands in Washington. 







• Select the appropriate spatial scale for the study. Include analyses that may be necessary to validate the 
model. 


4. Fish/Habitat Detection Using eDNA   
• Assess how eDNA sampling compares with electrofishing for overall effectiveness, costs, and accuracy for 


identifying fish presence. 


 
Budget* 


 PHB DPC LiDAR eDNA 


FY22 $31,247  $0 $0  $0  


FY23** $69,798  TBD $0  $0  


FY24** $185,600  TBD $0  $0  


FY25** $450,000 TBD $0  $0  


FY26** $1,158,900 TBD $0  $0  


FY27** $1,153,400 TBD TBD $0  


FY28** $419,300  TBD TBD $0  


FY29** $59,500 TBD TBD $0 


Project 
Total  $3,527,745  TBD TBD $0  


* August 10, 2022 Board-approved budget. Funding approved for FY22-FY23. Budget beyond FY23 are estimates only. 
**Estimated budget based on the current project timeline and PHB study design. Additional revisions will be made as study 
designs and project management plans are developed.  





		Water Typing Strategy






Project Name Road Prescription-Scale Effectiveness Monitoring (Roads BMP Study) 


Work Plan Critical 
Questions 
Addressed 


Are road prescriptions effective at meeting site-scale performance targets for sediment 
and water? 


Project Elements Effectiveness of road maintenance, road surface erosion, sediment production, 
sediment delivery, hydrologic connectivity. 


Responsible SAG 
and Project 
Manager 


SAG: Not associated with a SAG – oversight provided by CMER 
Project Manager: Alexander Prescott 


CMER Scientist(s) 
and Principal 
Investigator(s)  


CMER scientists: Jenelle Black 
Principal Investigator: Charlie Luce (USFS)  
Project Team: Tom Black (USFS), Amanda Alvis (Manaster) (UW), Erkan 
Istanbulluoglu (UW), and Julie Dieu (Rayonier) 


Status/Phase • The third data collection season was completed in July 2022 with the tub draining 
and sediment weighing.  


• The DNR’s Heavy Equipment Crew is expecting to complete the annual road 
maintenance needs across the sites in November 2022. 


• West Fork Environmental is under contract to visit each site monthly to download 
data, collect water samples, and repair minor issues at each platform. Watershed 
Geo Dynamics is working with West Fork to process data and provide QA/QC. The 
Department of Ecology’s Manchester Environmental Laboratory is under an Inter-
Agency Agreement to complete water sample testing.  


• Data reduction and preliminary data analysis is being completed by the U.S. Forest 
Service Rocky Mountain Research Station (overarching study) and the University 
of Washington (modeling and parameterization).  


• The 2019-2021 plot discharge and fine sediment data for all sites have been 
summarized. The annual coarse sediment data have been summarized, as have the 
rainfall data. The USFS is working on the traffic counter data and traffic camera 
data. 


• The second year of theDitch Line Hydraulics Parameterization experiment was 
completed in two phases starting in May 2022 and ending in October 2022.  The 
Short-Time-Scale Parameterization experiment pilot was completed in February 
2022.  


• The Micro-Topography Parameterization experiment is complete with multiple 
surveys completed in FY22. In February 2022, S&R Sheet Metal Inc. was 
contracted to fabricate twelve additional troughs for installation across the project 
sites. 


• In June 2022 the Project Management Plan and Charter were revised to reflect 
changes in project team members, revise the project timeline, update project 
budgets, and refine roles and responsibilities. 


• Continued work on a tri-layer mass-balance model representing vertical layers of 
the road prism. In this model, equations were developed for calculating sediment 
fluxes between layers and production of fine sediment from coarse sediment within 
layers. Existing equations were used for overland flow sediment transport on the 
top layer. 


• A synthesis paper looking at the literature surrounding traffic-induced sediment 







 
 


Budget* 


*M August 10, 2022 Board approved budget. Funding approved for FY22-FY23. Budget beyond FY23 are estimates only.  
 


 


Project Phases by FY 


FY21 FY22 FY23 FY24 FY25 


Data collection, site 
maintenance for site 
repairs and final 
installation, model 
development. 
Parameterization 
studies: Micro-
topography (Yr. 1) and 
Ditch-line Hydraulics 
(Yr. 1). 
Completion of Biennial 


Data collection, site 
maintenance, model 
development.  
Parameterization 
studies: Micro-
topography (Yr. 2) 
Ditch-line Hydraulics 
(Yr. 2) 
Short-Time Scale 
(Yr.1) 


. Cost vs. Maintenance 
survey. 
Data collection, site 
maintenance, model 
development. 
Parameterization studies: 
Ditch-line Hydraulics (Yr. 
3), Short-Time Scale (Yr. 2) 
GRAIP/WARSEM Survey 
(Yr. 1) 


Ditch line and rock 
quality BMP change-
over (Public Works 
contract)  
Sediment trap 
efficiency experiment 
Data collection, site 
maintenance, model 
development. 
GRAIP/WARSEM 


GRAIP/WARSE
M Survey (Yr. 3)  
Last year of data 
collection, 
finalize model. 


 


production processes and examine the gaps in this research has been completed and 
submitted for publishing in Environmental Reviews. 


•  


Project Timeline FY23-FY26:  Monitoring and data collection at 78 sites, data management and 
QA/QC, equipment maintenance, start parametrization experiments, continue model 
development.  
FY27-FY29: Data analysis and report writing and review. 


Expenditures 
through FY22 $2,669,221 


Complementary 
Projects and Project 
Sequencing 


Road Sub-Basin-Scale Effectiveness Monitoring; Road Surface Erosion Model 
Validation/Refinement Project; Intensive Watershed-Scale Monitoring to Assess 
Cumulative Effects. 


Project Summary and Purpose 


This project will address surface erosion sediment reductions from site-specific measures. This will be 
accomplished by empirical sampling of effectiveness of road maintenance, road surface erosion, sediment 
production, sediment delivery and hydrologic connectivity, coupled with detailed physical modeling to better 
understand and quantify the interactions of these elements with each other and with rainfall and traffic. 


Project Objectives 


The objectives of monitoring forest roads at the prescription scale are to (1) evaluate the effectiveness of road 
maintenance categories in meeting road performance targets; and (2) identify sensitive situations where 
prescriptions are not effective. 


FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Total Budget 


$461,047 $496,047 $616,047 $596,147 $596,047 $351,000 $75,000 $25,000 $3,616,335 







Report.  Survey (Yr. 2) 
Interim Project Report 


 


FY26 FY27 FY28 FY29 


Field equipment 
removal. 
Data analysis (all 
experiments). 
 


Completion of draft 
final report.  
 


Final report review and 
revision. 
CMER approval of Final 
Report.  
 


ISPR completed. 
Final CMER approval. 
6 questions drafted.  
Findings Report 
delivered to Policy  
Present to Board. 


 





		Road Prescription-Scale Effectiveness Monitoring (Roads BMP Study)






Project Name  Eastside Type N Riparian Effectiveness Project (ENREP) (CWA Project) 


Workplan (Rule 
Group) Critical 
Questions 
Addressed 


• Are riparian processes and functions provided by Type Np buffers maintained at 
levels that meet FPHCP resource objectives and performance targets for shade, 
stream temperature, LWD recruitment, litterfall, and amphibians?*  


• Do different types of Type N channels explain the variability in the response of 
Type N channels to forest practices? 


• What is the effect of buffering or not buffering spatially intermittent stream reaches 
in Type Np streams? 


*Litterfall and amphibians are not included in the Study Design.  


Project Elements Change in stream flow, canopy closure, water temperature, suspended sediment 
transport, large wood loading, upland canopy conditions, and aquatic life following 
harvest on Type N streams. Harvest effects on downstream Type F waters where 
treatment effects can be isolated. 


Responsible SAG 
and Project 
Manager 


SAG: SAGE  
Project Manager:  Anna Toledo  


CMER Scientist(s) 
and Principal 
Investigator(s) 


CMER Scientist(s): Rachel Rubin 
Principal Investigators: Timothy Link, University of Idaho; Charles Hawkins, Utah 
State University 


Status/Phase Implementation of Study Design:   
• Springdale and Tripps basins: Completion of two years of pre-harvest, harvest year, 


and one year of post-harvest data collection. 
• Blue Grouse basin: Completion of three years of pre-harvest and harvest year data 


collection. Monitoring at Blue Grouse was extended for one year to allow for two 
full years of post-harvest data collection. 


• Fish Creek and Coxit basins: Completion of two years of pre-harvest data 
collection. Harvest is scheduled for summer 2023. 


• Data collection includes:  biophysical variables, including streamflow, wetted 
channel extent, suspended sediment concentrations, stream shade, riparian forest 
mensuration, large wood loading, temperature, and stream cross sections, aquatic 
life (benthic macroinvertebrates), and habitat. 


Expenditures 
through FY 22 


FY15-FY19: $944,876 (includes ENREP TWIG Participation and UCUT ENREP 
Scientist) 
FY20: $474,753 
FY21: $701,179 
FY22: $440,335 
Total expenditures through FY22: $2,561,143 


Project Timeline FY18-FY25: Implementation  
FY26: Data analysis and final report development 
FY27-FY28: Final report review and revisions 







Complementary 
Projects and Project 
Sequencing 


Westside Type N Experimental Buffer Treatment Project in Hard Rock and Soft Rock 
Lithologies (completed), Type F and N Extensive Eastside – Temperature, Eastside 
Type N Forest Hydrology (completed), Eastern Washington Riparian Assessment 
Project Phase I and II (completed), Bull Trout Overlay Temperature, Solar 
Radiation/Effectiveness, Eastside Type F Riparian Effectiveness, Westside Type N 
Buffer Characteristics, Integrity, and Function (BCIF) 


Project Summary and Purpose 


This project will help inform if, and to what extent, the prescriptions found in the Type N Riparian Prescriptions 
Rule Group (Np streams) are effective in protecting water quality and some riparian functions, particularly as they 
apply to sediment and stream temperature in eastern Washington. The discharge regime of headwater streams 
influences a number of functions including water temperature and sediment transport. Although the effect of 
forest management on discharge has been studied for more than half a century, it is not possible to fully predict 
management-related changes in discharge timing or magnitude, because of the large variability in headwater 
attributes and functions and relative paucity of research on the colder and drier eastside systems. 


Project Objectives 


The objectives are to inform Policy of the quantitative changes in FPHCP-covered resources, water quality, and 
aquatic life coincident with forest harvest activities in eastern Washington, and to determine if and how observed 
changes are related to activities associated with forest management.  


 
Budget* 


FY22 FY23 FY24 FY25 FY26 FY27 FY28 Total 


$600,730 $606,744 $656,703 $581,370 $489,632 $330,688 $276,442 $3,542,309 


* August 10, 2022 Board-approved budget. Funding approved for FY22-FY23. Budget beyond FY23 are estimates only. 


 
  







Project Name Eastside Timber Habitat Evaluation Project (ETHEP) 


Workplan Critical 
Question Addressed 


Will application of the prescriptions result in stands that achieve eastside FPHCP 
objectives (forest health, riparian function, and historical disturbance regimes)? 


Project Elements Eastside forest health, riparian function, disturbance regimes, timber habitat types. 


Responsible SAG 
and Project 
Manager 


SAG: SAGE 
Project Manager:  Anna Toledo 


CMER Scientist(s) 
and Principal 
Investigator(s) 


CMER Scientist: Rachel Rubin 
Principal Investigator(s): Rachel Rubin 
Project Team: Ben Spei, Rachel Rubin, Mark Kimsey, Mark Teply, Charles Goebel 


Status/Phase The study design is currently in SAGE review, and is expected to be delivered to 
CMER in December 2022. 


Expenditures 
through FY22 Current expenditures only include CMER staff time 


Project Timeline FY22-FY23: Study Design development and approval 
FY24-FY25: Implementation, final report writing and approval 
Project timeline will be refined following study design approval. 


Complementary 
Projects and Project 
Sequencing 


Eastside Disturbance Regime Literature Review Project, Eastside LWD Literature 
Review Project, Eastside Temperature Nomograph Project, Eastern Washington 
Riparian Assessment Project (EWRAP), Eastside Modeling Evaluation Project 
(EMEP), Bull Trout Habitat Prediction Models, Bull Trout Overlay Temperature 
Project, Solar Radiation/Effective Shade Project, Eastside Type F Riparian 
Effectiveness Monitoring Project (BTO add-on). 


Project Summary and Purpose 


Washington’s Forest Practices Rules for non-federal forestlands in eastern Washington use a Timber Habitat Type 
(THT) system to apply riparian rule prescriptions along fish-bearing (Type S and Type F) and perennial non-fish-
bearing (Type Np) streams (WAC 222-30-022). This system defines THTs according to three elevation zones: 
<2500 feet (“Ponderosa Pine”), 2500-5000 feet (“Mixed Conifer”), and >5000 feet (“High Elevation”). The 
riparian harvest rules specify different leave tree requirements for each THT. 
Elevation bands alone, however, likely oversimplify the factors that drive forest stand development in eastern 
Washington and further oversimplify riparian forest stand development in particular. While there is coarse 
correlation between elevation band and climatic regime and, in turn, stand composition and structure (as 
introduced by Daubenmire and Daubenmire (1968), the landform, underlying geology, aspect, and parent material 
also influences soil moisture regimes at the watershed scale (e.g., Franklin and Dyrness 1973, Lillybridge et al. 
1995, Williams et al. 1995). Forest vegetation is further influenced at the riparian scale via fine-scale differences 
in valley form, gradient, and groundwater-surface water interaction that affect microclimate, soil development, 
and water availability (Kovalchik and Clausnitzer 2004). These constructs show riparian stands express the 
influence of many factors besides just elevation.    
Results from Phase II of the Eastern Washington Riparian Assessment Project (EWRAP; Schuett-Hames 2015) 
demonstrate the need for this further work. The author determined potential climax species for 103 riparian sites 
in eastern Washington using Cooper et al. (1991) and Kovalchik and Clausnitzer (2004) and found that the 
distribution of these riparian forest vegetation “series” can span the THT elevational zones. That is, some of the 
forest vegetation series were found above and below 2500 feet in elevation. Schuett-Hames’ finding is compelling 
evidence that elevation is not the only influence on forest stand development. Further, this finding also suggests 
that leave tree requirements based on elevation alone could be, at times, be mismatched to factors dictating stand 
development at a given site. This finding supports the need to improve the existing framework toward one that is 







more ecologically and silviculturally meaningful. 
The purpose of this project is to develop an ecologically meaningful and reliable framework for applying riparian 
harvest rules along Type S and Type F streams in eastern Washington. 


Project Objectives 


Objective 1: Develop a framework for applying riparian harvest rules in eastern Washington based on the FPHCP 
functional objectives and performance targets (Schedule L-1, Appendix N).  
Objective 2: Test the preferred framework(s) for characterizing eastside riparian forests using data collected in the 
field.  


 
Budget*  


FY23 FY24 FY25 Total 


$196,000 $160,521 $162,000 $518,521 


*August 10, 2022 Board-approved budget. Funding approved for FY22-FY23. Budget beyond FY23 are estimates only. 


 








 


Project Name Type N Experimental Buffer Treatment Project in Hard Rock Lithologies Amphibian 
Monitoring Phase III  


Work Plan Rule 
Group Critical 
Questions Addressed 


Continued monitoring of Hard Rock Study sites for the amphibian response will 
address the following critical questions: 
• How do two other buffers compare with the forest practices Type N prescriptions in 


meeting resource objectives? 
• Are riparian processes and functions provided by Type Np buffers maintained at 


levels that meet FPHCP resource objectives and performance targets for shade, 
stream temperature, LWD recruitment, litter fall, and amphibians? (only amphibian 
response is evaluated in this work – Phase III) 


• How do stream-associated amphibian populations respond to the Type N 
prescriptions over time? 


• Is stream-associated amphibian population viability maintained by the Type N 
prescriptions?   


Project Elements Addresses the effectiveness of FPHCP riparian buffer prescription for FP designated 
amphibians in Type N Waters in western Washington, including a comparison of the 
current rule to buffer alternatives that provide more and less protection within the 
RMZ, and unharvested reference sites.  


Responsible SAG and 
Project Manager 


SAG: LWAG 
Project Manager: Lori Clark 


CMER Scientist and 
Principal 
Investigator(s)  


CMER Scientist: N/A 
Principal Investigator: WDFW – Aimee McIntyre 


Status/Phase Phase I report covering 2006-2011 was approved in 2018. 
Phase II (extended) report covering 2006-2017 was approved by CMER on July 27, 
2021, was presented to TFW Policy on 6 January 2022, and presented to the FP Board 
on 10 August 2022. 
The Phase III monitoring, focused on stream-associated amphibian abundance, is in 
implementation. 


Project Timeline Amphibian demographic sampling began in FY22 and is intended to continue into 
FY24. The timing of resample is consistent with sampling every 7-8 years, as has been 
done previously. Data analysis and report writing for the continued effectiveness-
monitoring phase would extend into FY25. 


Expenditures to Date FY22 (Phase III of Hard Rock): $167,937 
2006-FY22: $8,276,960 (from Phase I and Phase II of Hard Rock)  
 


Complementary 
Projects and Project 
Sequencing 


Stream-Associated Amphibian (SAA) Detection/Relative Abundance Methodology 
Project (completed), Amphibian Recovery Project (completed), Buffer Integrity – 
Shade Effectiveness (Amphibians) Project (completed), Van Dyke’s Salamander 
Project (planned), Amphibians in Intermittent Streams Project (planned), Eastside 
Amphibians Evaluation Project (planned). 


Project Summary and Purpose 







Responses Evaluated: stream-associated amphibian demographics. 
Study Sites: Seventeen (17) Type N, first-, second- and third-order stream basins located in western Washington. 
These are the same Hard Rock sites that were included in Phase I and Phase II of the Type N Hard Rock studies.  
Treatments: (1) unharvested reference; (2) current FP buffer for Type N streams (e.g., riparian buffer throughout 
≥50% of the Type N RMZ); (3) 50 foot riparian buffer on the entire Type N stream; (4) no buffer. 


Project Objectives 


 This Effectiveness Study (Phase I) evaluated the effectiveness of the FPHCP riparian buffer prescription for 
westside Type N streams. The study compared the current rule to buffer alternatives that provide more and less 
protection within the RMZ, and unharvested reference sites. Effectiveness was evaluated in terms of whether 
Forest Practices rules for Type N Waters produce forest conditions that achieve agreed upon Resource Objectives. 
This study (Phase III) directly informed two of the four FFR goals, including (1) to support the long-term viability 
of stream-associated amphibians and (2) to meet or exceed water quality standards. 
Preliminary results from the Extended Study (Phase II) suggested declines (65%-93%) in larval Coastal Tailed 
Frog densities 7- and 8-years post-harvest that were not apparent in the two years post-harvest (i.e., Phase I). There 
was also a delayed negative response detected for torrent salamanders in the FP treatment. Observed declines in 
amphibian densities were greatest in the FP treatment. One of the focal goals of the Forest Practices Rules is to 
provide compliance with ESA for aquatic and riparian-dependent species, including Forests and Fish-designated 
stream-associated amphibians, and the Forests and Fish Agreement was intended to protect rare amphibians in 
headwater streams. Additionally, the current known distribution of Coastal Tailed Frog is not uniform across the 
landscape; present in some streams but absent in other nearby streams. As a result, we may not be able to rely 
consistently on repopulation from nearby sources.  
 In response to study results from Phase II, Additional data is being collected for stream-associated amphibians and 
other relevant covariate data (e.g., stream temperature) to evaluate continued trends in amphibian densities. Do 
amphibian densities stabilize, continue to decline, or recover over time?  Continued monitoring is consistent with 
the study design to evaluate effectiveness through time. Sampling in post-harvest years 14 and 15 will help us 
evaluate longer-term tailed frog and torrent salamander trends and densities through 40% of a typical harvest 
rotation. 


 
Budget* 


 
 
 
 
 


*August 10, 2022 Board-approved budget. Funding approved for FY22-FY23. Budget beyond FY23 are estimates only. 
 


 


  


FY22  FY23  FY24  FY25  Total 


$142,800 $304,500 $300,300 $82,950 $830,550 







Project Name Water Temperature and Amphibian Use in Type Np Waters with Discontinuous 
Surface Flow (CWA Project) 


Work Plan Critical 
Questions 
Addressed 


What is the effect of buffering or not buffering spatially intermittent stream reaches in 
Type Np streams? (Type N Riparian Prescriptions Rule Group and Type N Riparian 
Effectiveness Program – Westside Critical Questions) 
How do stream-associated amphibians (SAAs) utilize intermittent stream reaches near 
the origins of Type N (headwater) streams? (Type N Amphibian Response Program 
Critical Question) 


Project Elements Characteristics of streams with intermittent flow (i.e., Type Np stream segments with 
discontinuous perennial flow), including spatial and temporal patterns of flow, and how 
these patterns influence stream temperature in downstream non-intermittent reaches 
across the landscape. 
Stream-associated amphibian use of streams with intermittent flow. 


Responsible SAG 
and Project 
Manager 


SAG: LWAG 
Project Manager: Lori Clark 


Principal 
Investigator(s) WDFW – Aimee McIntyre 


Status In summer 2020, a Project Team was formed for this project and work began on 
updating the BAS synthesis. Work on drafting the Scoping Document began in early 
2021. SAG priorities were focused on finalizing Type N Hard Rock products and the 
scoping is still in progress. Additionally, AMP staffing shortages resulted in delays to 
the development and approval of the project Charter, which impacted the ability of the 
contractor to begin work according to the original timeline. 


Project Timeline September 2021: Charter was approved.  
February 2022: Complete literature synthesis and a summary of data from existing 
studies. 
April 2023: Anticipated delivery of Scoping Document to CMER for review. 


Expenditures to 
Date FY19-21: $21,023 


Complementary 
Projects and 
Project Sequencing 


Westside Type N Experimental Buffer Treatment Project in Hard Rock Lithologies, 
Westside Type N Experimental Buffer Treatment Project in Soft Rock Lithologies, 
SAA Sensitive Sites Identification Methods, SAA Detection/Relative Abundance 
Methodology, Dunn’s Salamander, Buffer Integrity-Shade Effectiveness, Amphibian 
Recovery, Riparian Characteristics and Shade Response Study, Extensive Riparian 
Status and Trends Monitoring Program – Stream Temperature 
Phase I: Westside Type F/S and Type Np Monitoring Project 


Project Summary and Purpose 


This study will inform the Overall Performance Goals to meet water quality standards and support the long-term 
viability of covered species by evaluating the influence of intermittent stream reaches on water temperature and 
FP-designated amphibian use. A previous CMER-funded study (Hunter et al. 2005) found that intermittent stream 
reaches frequently occur near the origin of headwater streams (i.e., PIP), and that they exhibit one of two spatial 
patterns of surface flow (i.e., a single dry reach located adjacent to the PIP, or flowing sections interspersed with 
dry sections). This study will expand on previous findings by evaluating the influence of intermittent reaches on 
stream temperature and amphibian use, as well as identifying how spatial and temporal patterns of intermittency 
may differentially impact temperature and amphibian use. A project concept was developed by the Type N 







Amphibian Response Program, LWAG and CMER in 2007. At that same time, an exploratory data review from an 
existing CMER-supported study (see Quinn et al. 2007) was conducted. The review provided limited information. 
Consequently, LWAG proposed waiting until the Type N Hard Rock project was complete to determine how that 
study could inform critical questions and project need/development.  Though the Hard Rock Study focused 
primarily on 2nd order streams, it included an evaluation the entire length of the stream network from the F/N 
break and upstream to the uppermost point of perennial flow (i.e., perennial initiation point or PIP), including all 
Type Np reaches with discontinuous surface flow. Because of the pending completion of the Type N Hard and 
Soft Rock studies, and the desire to understand the relationship between intermittent stream reaches, stream 
temperature and FP-covered amphibians, LWAG proposes to continue work on this project. 
LWAG proposes data summary and study development in 2 steps: 


1. Scoping Document (April 2023): Summarize findings from peer-reviewed literature and Type N-related 
CMER studies (including the Type N Hard and Soft Rock Projects) to provide an updated summary and 
best available science for future study context and development. Findings will be included in a scoping 
document to CMER and Policy. 


2. Study Design (delayed due to budget constraints to FY2025): CMER and Policy can use the completed 
Scoping Document to assess the value of a field study. If interest exists, a Study Design would be 
developed. LWAG anticipates that a study specific to intermittent reaches across the landscape would 
include an on-the-ground field evaluation of intermittent streams, identification of spatial and temporal 
patterns of intermittency, and potential impacts of these patterns on water temperature (to address the water 
quality standards Overall Performance Goal) and amphibian use (to address the long-term viability of 
covered species Overall Performance Goal).  


Determining the influence of intermittent reaches on water temperatures and FP-designated amphibian use would 
provide important information for evaluating the relative benefits of riparian buffers on intermittent reaches, 
ultimately informing the riparian buffer rule for Type N streams. This project is intended to include both water 
temperature and amphibians as primary responses. 


Project Objectives 


This project is identified as a Clean Water Assurance (CWA) Milestone. 
It will inform the Overall Performance Goals of meeting water quality standards. 
A field study will help identify the effects of intermittent stream reaches on stream temperature and FP-covered 
amphibians for the Westside FPHCP landscape.  
It may also be used to inform the effectiveness of Type N prescriptions in reaches with intermittent flow.  


 
Budget* 


FY20 FY21 FY22 FY23 FY24 FY25** FY26 FY27 FY28 FY29 FY30 Total 


$5,173 $39,827    $80,000 $250,000 $360,000 $360,000 $360,000 $250,000 $1,705,000 


*August 10, 2022  Board-approved budget. Funding approved for FY22-FY23. Budget beyond FY23 are estimates only. 
**Note that the exact budget figures and timeline for future work beginning in FY25 will depend on a study design that would be 
developed after scoping. FY25-FY30 funding amounts are preliminary estimates based on previous projects. These will be 
updated as the project is scoped. 








Project Name Westside Type F Riparian Prescription Effectiveness Project – Exploratory Field Study 


Workplan Critical 
Questions Addressed 


This is one phase of the overall project to address the following critical questions:  


• How do the RMZ and no-RMZ harvest prescriptions affect riparian stand 
characteristics and riparian functions? 


• How do the characteristics of riparian forest stands and associated riparian 
functions in areas with and without  Inner Zone harvest change over time? 


• Do riparian forest stands in areas with and without Inner Zone harvest remain on 
trajectory to achieve DFC targets? 


• How do physical stream characteristics and processes respond to changes in 
riparian functions in areas with and without Inner Zone harvest? 


• Do physical stream characteristics and processes meet performance targets? 


Project Elements Westside riparian conditions, DFC performance targets, riparian functions, forest 
stand attributes. 


Responsible SAG and 
Project Manager 


RSAG 


Project Manager – Alexander Prescott 


Principal 
Investigator(s) and 
Project Team 


CMER scientists: Jenelle Black 


Project Team*: Doug Martin, Chris Mendoza  


*The Project Team was formerly organized as a Technical Writing and Implementation Group (TWIG)  


Status The Project Team is making revisions to the exploratory report after getting RSAG 
approval and subsequently receiving multiple rounds of comments from CMER 
members in FY22 . The report is expected to go to CMER for final approval in 
November 2022.  


Project Timeline • The exploratory phase was implemented in FY19-20.  


• The final exploratory report gained RSAG approval in March 2022 and was 
presented to CMER for review in April 2022. Since first being presented to CMER, 
there have been multiple rounds of comments, reviews, and responses. A final 
version of the exploratory report is anticipated to go to CMER in November 2022. 


•   Discussions have begun on the BACI study elements in RSAG. 


• The Project Team will develop the BACI study design and expect to have an 
ISPR/CMER approved study design by FY25.  


• FY23: Develop BACI study design and RSAG review.   







• FY24: RSAG and CMER review and approval. ISPR review and approval. Additional 
Project Team members will be needed for BACI study design; may need funding for 
participation.  


• FY25: Develop prospective findings report. Develop implementation plan and 
begin site selection.  


• Board-approved funds for Westside Type F implementation begin in FY26.  


o FY26: Complete site selection. Site layout and pre-harvest data collection (May 
- June).  


o FY27: Pre-harvest data collection (July - Sept 2025 & May - June 2026). 


o FY28: Pre-harvest data collection (July - Sept 2026). Apply harvest treatment.  


o FY29: Complete harvest treatment. Post-harvest data collection (May - June 
2028). 


o FY30: Post-harvest data collection (July - Sept 2028 & May - June 2029). 


o FY31: Post-harvest data collection (July - Sept 2029). Data QA/QC and analysis. 
Draft final report and gain RSAG and CMER approval. Initiate ISPR review.  


o FY32: ISPR approval and findings report.  


Expenditures FY19-22: $338,573 


Complementary 
Projects and Project 
Sequencing 


Sequencing: This project is broken into two phases, an initial exploratory study to 
gather information on riparian conditions and functions associated with the 
prescriptions, followed by a BACI study that examines the response of riparian 
functions, stream habitat and aquatic resources to the prescriptions. 


Complementary Projects: Bull Trout Overlay Temperature Project, Solar 
Radiation/Effective Shade Project, Eastside Type F Riparian Effectiveness Monitoring 
Project (BTO add-on), Wood Recruitment Volume and Source Distances from Riparian 
Buffers Project, Mass Wasting Buffer Integrity and Windthrow Assessment Project, 
Windthrow Frequency, Distribution, and Effects Project, Extensive Monitoring 
Program, and Cumulative Effects Monitoring Program. 


Project Summary and Purpose 


Riparian prescriptions and rules are very different between Eastern  and Western Washington for Type F (fish-
bearing) waters. Currently no Westside Type F Effectiveness Studies are being conducted by the Cooperative 
Monitoring Evaluation and Research (CMER) committee. While CMER has tested the effectiveness of Eastside 
Type F riparian prescriptions and the Bull Trout Overlay All Available Shade Rule, the current Westside rules 
remain based to a degree on untested assumptions that riparian prescriptions are functioning as intended. 
There is therefore a need for a Westside Type F Riparian Prescription Effectiveness project to fill this knowledge 
gap and complement the Eastside Type F Effectiveness Study results. However, little is known about the 
distribution of stand conditions  along Westside Type F streams under the current suite of prescription variants. 
Before such a Type F effectiveness study can be implemented, an exploratory study was needed to assess the 







distribution of stand conditions and prescription variants. The exploratory study  provides information needed to 
focus and design the Westside Type F Riparian Prescription Effectiveness BACI study. 


The goal at the conclusion of the exploratory study was to have information including: 


• The level of riparian functions associated with the Type F prescriptions, including data on post-harvest large 
wood recruitment, shade, and sediment delivery; 


• Riparian stand conditions associated with the Type F prescriptions, including stand mortality, density, basal 
area, and the proportion of sites currently on trajectory to meet the Desired Future Conditions (DFC) target of 
325 sq. ft./acre of basal area at 140 years; 


• The frequency, magnitude and distribution of windthrow and its effects on stand structure, buffer tree mortality 
rates and riparian functions; and 


• The relative influence of differences in site conditions and geographic location on all of the above. 


The results from the exploratory study will be used to design a BACI study to document direction and magnitude 
of change associated with the prescription variants, and to determine the potential influence of site conditions 
on riparian stand conditions and functions following treatments. This information will be used to focus the BACI 
study design to provide fine-scale assessments of treatment effects for a select set of prescription variants and 
site conditions. The BACI study would improve our understanding and decrease scientific uncertainty about the 
linkage between riparian prescriptions, changes in riparian stands and riparian functions, and the aquatic 
resource response (habitat, wood recruitment, temperature, and aquatic organisms). It is anticipated that the 
overall Westside Type F Riparian Prescription Effectiveness Project would provide the following information: 


• An estimate of the effects of specific prescription variants on riparian stand conditions, mortality and 
trajectory to meeting DFC targets; 


• A measure (direction and magnitude of change) of treatment effects on key riparian functions (e.g. shade, 
large wood recruitment, streambank integrity/bank erosion, sediment attenuation, litter fall); 


• Measures of instream habitat, water quality and aquatic biotic responses (e.g., wood loading, habitat 
composition and complexity, stream temperature, macroinvertebrates, fish) to treatments; and 


• An assessment of riparian prescription effectiveness over the short-term (i.e., initially 2-years post-harvest 
with the potential to extend sampling for metrics of interest).  


The exploratory study plan, Best Available Science Scoping Document, project charter and communication plan 
have been completed. The exploratory report is currently in-progress. 


Project Objectives 


1. To evaluate post-harvest riparian stand conditions and riparian ecological functions across prescription 
variants with and without inner zone harvest. 


2. To evaluate the extent to which post-harvest riparian forest stands are on trajectory to achieve DFC targets at 
sites with and without inner zone harvest. 


The overall goal of the exploratory phase is to produce information needed to focus and design the BACI phase 
of the project. The exploratory study assessed riparian stand conditions and selected riparian functions across a 
wide range of prescription variants and site conditions. It also provides a coarse-level assessment of current 
riparian conditions that focuses on addressing scientific uncertainty surrounding their sensitivity to prescription 
variants.  


 







Budget* 


FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31 
Total 


Estimated 
Budget 


$30,000 $30,000 $167,272 $375,020 $245,860 $134,660 $375,020 $297,860 $21,600 $1,677,292 


• *August022333s: Anna Toledo, Lori ClarkRachel RubinISPR-approved Study Design was approved by CMER in 
March 2022. A field trial was conducted in summer 2022. The PI is currently reporting to CMER and TFW 
Policy on the field trial, and planning for implementation in summer 2023.Finalized and ISPR approvalB 


FY23 RCS field trial completed.  (ENREP),, Extensive Riparian Status and Trends Monitoring.. Howevera change 
in scope *August 10, 2022 Board-approved budget. Funding approved for FY22-FY23. Budget beyond FY23 are estimates only. 


Project NameExtensive Riparian Status and Trends Monitoring – Riparian Vegetation and Stream Temperature, 
Type F/N Westside and Eastside ProjectWork Plan Critical Questions AddressedWhat is the current status of 
riparian conditions and functions in Type F/N streams on a statewide scale, and how are conditions changing over 
time? 


What is the distribution of maximum summer stream temperature and 7-day mean maximum daily water 
temperature on FP HCP lands, and how is the distribution changing over time as the forest practices prescriptions 
are implemented?  


What proportion of stream length, at the landscape scale, on FP HCP lands meets specific benchmarks for water 
temperature, and is this proportion changing over time as the forest practices prescriptions are implemented?  


What are current riparian stand characteristicscharacteristic (e.g., density, BA, height, conifer/deciduous) on FP 
HCP lands, and how are stand conditions changing over time as the forest practices prescriptions are 
implemented?Project ElementsType F and N riparian forest stand conditions, shade, riparian vegetation type, 
large wood supply potential, channel measurements, stream temperaturesResponsible SAG and Project 
ManagerRSAG 


Project Manager – Alexander PrescottPrincipal Investigator(s)CMER Scientist TBD 


Principal Investigator TBDStatusIn April 2022, Policy transmitted a memo to CMER requesting the development of 
an Extensive Monitoring proposal for stream temperature and riparian stand conditions. In June 2022, the CMER 
assigned the project to RSAG. 


As had been done previously by CMER and RSAG, a memo was drafted to TFW Policy in August 2022 and a joint 
workshop was convened intending to continue the conversation to refine and seek clarity on the questions posed 
by Policy, outline some of the extensive monitoring options and to provide critical background documents that are 
relevant to initiating a meaningful iterative conversation between RSAG/CMER and Policy. TFW Policy is planning 
to formally respond to the memo and workshop  at theirthe November 2022 meeting. The content of said 
response should indicate whether additional memos/workshops are needed prior to the project team developing 
scoping documents. Project timelineFY23: Revise Charter, Initiate Scoping Document Development 


FY24: CMER and Policy Approval of Scoping DocumentsExpendituresTotal expenditures to date: 
$0Complementary Projects and Project SequencingExtensive Riparian Status and Trends – Temperature, Type F/N 
Westside and Eastside; Riparian Characteristics and Shade Response Study; Mass Wasting Landscape Scale 
Extensive Monitoring.  Project Summary and PurposeIn 2006 a pilot study evaluated the accuracy of deriving 
riparian stand metrics from different scales of aerial photos compared to stand data from ground surveys. The 
contractor concluded that large-scale aerial custom photography could meet riparian assessment needs if 
combined with other remote sensing (e.g., Lidar) to accurately locate streams. Further study to evaluate the utility 
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and cost effectiveness of using other remote sensing technology including satellite imagery was recommended, 
but no new work was planned in 2006.  


A project was developed in XXXX to initiate Extensive Riparian Status and Trends Monitoring – Temperature, Type 
F/N Westside. This project is intended to develop unbiased estimates of the frequency distribution of Type F/N 
stream temperatures across FP HCP lands in western Washington. Stream temperatures are monitored upstream 
and downstream from each study reach. Along with stream temperature measurements, air temperature, shade, 
riparian vegetation type, LWD, and several channel measurements are collected Status: Sampling has been 
completed. The final report was initially reviewed by RSAG and CMER then revised again based on comments 
received during ISPR of the Eastside Type F report. The revised report was reviewed by RSAG, CMER, and ISPR. The 
final report was approved by CMER on April 23, 2019. 


In XXXX, a companion study for the eastside was developed: Extensive Riparian Status and Trends Monitoring – 
Temperature, Type F/N Eastside. This project wasis intended to develop unbiased estimates of the frequency 
distribution of Type F/N stream temperatures across FP HCP lands in eastern Washington. Stream temperatures 
are monitored upstream and downstream from each study reach. Along with stream temperature measurements, 
air temperature, shade, riparian vegetation type, LWD, and several channel measurements are also collected. 
Approximately 50 sites were sampled in Type F streams over the 2007 and 2008 summer seasons. The revised 
report was completed and approved by Policy in June 2013. Initial site screening occurred in the summer of 2008 
in Type N streams. Only 10% of the sites inspected had flow during the summer monitoring season (site 
requirement), when peak temperatures occur. The Policy committee decided to deprioritize the Eastside N strata 
as part of a negotiated settlement of the Master Project Schedule in 2014. 


A literature synthesis was completed by the Precision Forestry Cooperative (PFC) at the University of Washington 
in June of 2015. PFC reviewed articles on the use of remote sensing to evaluate the cost and value of various 
remote sensing tools to quantify 13 riparian forest metrics. This literature review was specifically requested by 
Policy in March of 2015 to inform decision-makers on what remote sensing methods they may wantedwant to test 
in a pilot project.  


The purpose of that first pilot project was to determine if remote sensing can be used in conjunction with 
traditional field work to accomplish the purposes established in the CMER Work Plan and the Monitoring Design 
Team report (MDT 2002) for extensive status and trend vegetation analysis. This project looked at riparian 
vegetation on all stream types—S, F, Np and Ns—and all ownerships in the Mashel watershed under the "Extensive 
Riparian Vegetation Monitoring - Remote Sensing Pilot Study Agreement No. IAA 16-205". CMER and Policy 
approved this pilot project for riparian extensive vegetation monitoring, which began in November of 2015 and 
was completed in July of 2017. 


Scoping for a second pilot, the Extensive Riparian Vegetation Monitoring Implementation Pilot Study, was 
completed by PFC in June of 2018. This study was intended to explore the feasibility of applying the methodology 
and model to other regions of the state and provide a better understanding of remote sensing data availability, 
cost, and recommendations for how to implement an inventory of riparian vegetation conditions across FP HCP 
lands in Washington State. The scoping document and prospective findings report were delivered to Policy in 2019.  


The key component of this study was to test the transferability of forest inventory models developed in the Mashel 
watershed to other watersheds. Although the original intent was to implement this pilot in eastern Washington 
and then the northwest coast, an opportunity arose to test it using existing field data from the Olympic 
Experimental Study Forest. The transferability of Mashel models to predict DBH, basal area, and stand density were 
tested using forest inventory plot data that was collected by DNR in the Olympic Experimental State Forest (OESF). 
The final report was approved by CMER in January of 2020 and was presented to Policy in May of 2020.   







Based on this previous work, RSAG and CMER developed and approved a Status and Trends Strategy and presented 
it to Policy in October of 2019. CMER has requested that Policy provide direction on the priority questions that 
need to be addressed prior to beginning any additional Extensive Status and Trends projects. Policy requested a 
joint CMER/Policy workshop on extensive monitoring methods and efforts in use by other entities (state and 
federal agencies, industry, and academia) to help inform the FP Adaptive Management Program how to move 
forward with the strategy. This workshop was held on January 29, 2021. A second workshop was held on August 
24, 2022 for members of RSAG, CMER and TFW Policy. Further action on implementation depends on the outcome 
of ongoing CMER and Policy deliberations and funding availability.Project ObjectivesThe objective is to build and 
maintain a status and trends monitoring program that will evaluate how riparian forests and stream temperature 
change on a landscape scale as a result of forest practices. 


 


Budget* 


FY22FY23FY24FY25FY26FY27FY28Total 
Budget$0$122,349$50,000$50,000$300,000$300,000$250,000$1,022,349*August 10, 2022 Board approved budget. 
Funding approved for FY22-FY23. Budget beyond FY23 are estimates only. 


 





		Westside Type F Riparian Prescription Effectiveness Project – Exploratory Field Study






Project Name   Unstable Slopes Criteria Project (CWA Project)  


Work Plan Critical 
Question Addressed 


Are unstable landforms being correctly and uniformly identified and evaluated for potential hazard? 


Project Elements Unstable landform identification, landslide susceptibility of different slopes/landforms 


Responsible 
TWIG*, SAG, 
and Project 
Manager 


 


Project Team:  Unstable Slope Criteria/ TWIG 
SAG:  UPSAG  
Project Manager:  Lori Clark 
 
*The Project Team was formerly organized as a Technical Writing and Implementation Group (TWIG) 


CMER 
Scientist(s) and 
Principal 
Investigator(s) 


Project Team Members:  Dan Miller, Ted Turner, Julie Dieu, and Jeff Keck 


CMER Scientist/ Principal Investigator: TBD 


Status/Phase The Unstable Slopes Criteria Project consists of five distinct projects. approved by Policy in April 
2017: 


1. Compare/Contrast Landslide Hazard Zonation (LHZ) Mass Wasting Map Units with RIL (this 
project will be incorporated into subsequent projects per ISPR review comments).  


2. Object-Based Landform Mapping with High-Resolution Topography 
3. Empirical Evaluation of Shallow Landslide Susceptibility and Frequency by Landform 
4. Empirical Evaluation of Shallow Landslide Runout 
5. Models to Identify Landscapes/Landslides Most Susceptible to Management 


The Project Team is currently reviewing the draft report for Project 2, Object-Based Landform 
Mapping with High-Resolution Topography Study. The report is scheduled to be presented to CMER 
in spring 2023.  


A Study Design that combines the Empirical Evaluation of Shallow Landslide Susceptibility and 
Frequency by Landform (Project 3) and the Empirical Evaluation of Shallow Landslide Runout 
(Project 4) will be reviewed by CMER once the landform mapping report is finalized. This Study 
Design went through concurrent UPSAG/CMER review in August 2022 and was approved by 
UPSAG in October 2022.  The Project 3 & Project 4 Study Design is expected to be approved by 
CMER in December 2022 and go through ISPR review in the spring of 2023. 


 


Expenditures to Date FY22: $33,436 


FY19-FY21 Biennium: $55,052 


Project Timeline The project is estimated to continue through 2027: 
• FY2020 – Completed ISPR review for Project 2 and developed implementation plan.  
• FY2023 – Continue work on Project 2 and work to complete draft final report. 
• FY2023 – Develop and complete ISPR review of study plans for Projects 3 & 4. 
• FY2024 – Initiate work on Projects 3 & 4. 
• FY2025 – Develop a study plan and initiate ISPR review for Project 5.  
• FY2026 – Complete work on and develop final reports for Projects 3 & 4, finalize study plans and 


begin implementation of Project 5.  
• FY2027 – Completion of work on Project 5.  
• FY2027/2028 – Development of final report for Project 5.  







 


Budget* 


* August 10, 2022 Board-approved budget. Funding approved for FY22-FY23. Budget beyond FY23 are estimates only. 
  


Complimentary 
Project(s) and/or 
Project Sequencing 


Mass Wasting Effectiveness Monitoring (completed), Literature Syntheses of the Effects of Forest 
Practices on 1) Glacial Deep-Seated Landslides and Groundwater Recharge and 2) Non-Glacial Deep-
Seated Landslides and Groundwater Recharge (both completed), Mass Wasting Landscape-Scale 
Extensive Monitoring 


Project Summary and Purpose 


This project will evaluate the degree to which the “rule-identified” landforms defined in the Forest Practices rules (WAC 222-
10-030) identify potentially unstable areas that are likely to impact public resources or threaten public safety. The project will 
be designed to evaluate the original Forests & Fish Report Schedule L-1 research topic: “Test the accuracy and lack of bias of 
the criteria for identifying unstable landforms in predicting areas with a high risk of instability” (FFR p. 127). The project 
replaces the Testing the Accuracy of Unstable Landform Identification Project, based on feedback from Policy at the 
November 2010 meeting. At that meeting, UPSAG presented two interpretations of the original Forests & Fish Report 
Schedule L-1 topic and asked for direction as to how to proceed and prioritize efforts. The Project Team (formerly organized 
as a Technical Writing and Implementation Group, or TWIG) understands that Policy’s direction was to evaluate the landslide 
susceptibility of different slopes/landforms in the interest of evaluating current rule-identified landforms and 
identifying/characterizing additional potentially unstable landforms. The Project Team developed a document that 
summarizes Best Available Science and proposed alternative approaches for addressing the critical questions; the TWIG’s 
preferred alternative was approved by Policy on April 6, 2017.  


Project Objectives 


The project will be designed to evaluate the landslide susceptibility of different slopes/landforms in the interest of evaluating 
current rule identified landforms and identifying/characterizing additional potentially unstable landforms. 


Breakdown by Project 


 
FY22 


Budget 


FY23 


Budget 


FY24 


Budget 


FY25 


Budget 


FY26 


Budget 


FY27 


Budget 
Total Budget 


Object-based landform 
mapping 


 $4,840      
$4,840 


Shallow landslide 
susceptibility 


 $50,000 $100,000 $10,000 $10,000   
$170,000 


Shallow landslide runout   $50,000 $10,000 $10,000   $70,000 


Mgt Susceptibility modeling    $25,000 $25,000 $75,000 $25,000 $150,000 


 Total TWIG Budget  $54,840 $150,000 $45,000 $45,000 $75,000 $25,000 $394,840 







Project Name   Deep-Seated Landslide (DSL) Research Strategy Projects  


Work Plan Critical Questions 
Addressed 


• Are unstable landforms being correctly and uniformly identified and evaluated for 
potential hazard? 


• Does harvesting of the recharge area of a glacial deep-seated landslide promote its 
instability? 


• Can relative levels of response to forest practices be predicted by key characteristics of 
glacial deep-seated landslide and/or their groundwater recharge areas? 


Project Elements Forest practices effects and response levels on deep-seated landslides.  


Responsible SAG and Project Manager SAG:  UPSAG 


Project Manager:  Lori Clark 


CMER Scientist(s) and 
Principal Investigator(s) 


CMER Scientist/ Principal Investigator:  TBD 


Project Team:  Julie Dieu, Anne Weekes, Jennifer Parker,  Rachel Pirot 


Status/Phase Strategy approved by CMER (2018) 


Project components completed to date: 
4.1 Model Evapotranspiration in Deep-Seated Landslide Recharge Areas 
4.2 Glacial Deep-Seated Landslide Literature Synthesis 
4.3 Non-Glacial Deep-Seated Landslide Literature Synthesis 
 


Currently in Study Design Development: 
       4.5 Deep-Seated Landslide Mapping Objective 
       4.6 Landslide Classification  
 
Future components:   
       4.7 GIS Toolkit Development* 
       4.8 Groundwater Modeling 
       4.9 Physical Modeling 
       4.10 Landslide Monitoring 
       4.11 Evapotranspiration Model Refinement (as needed for modeling) 


4.4 Board Manual Revision Project (intermittent process pending direction from the 
FP Board)  


*The timing for Project 4.7, GIS Toolkit Development, is contingent upon the timing of the development of Study 
Design for Projects 4.5/4.6. 


Expenditures to Date Expenditures prior to FY23: $151,725 


Project Timeline UPSAG is currently developing a study design based on the Policy-approved Scoping 
Document for the Landslide Mapping and Classification Project (4.5 and 4.6) under the 
Strategy.  The Study Design is anticipated to be provided to CMER for review in spring of 
2023. Through the development of projects 4.5 and 4.6, tools will be developed that will 
inform Project 4.7, GIS Toolkit Development. 


Strategy implementation will continue to 2029 or beyond. 


 


Complimentary Project(s) and 
Project Sequencing  


 
Complimentary Project:  Unstable Slopes Criteria Project 
 
Project Sequencing: Please see the Project Sequencing Budget table below. 


  







Project Summary and Purpose: 


The strategy utilizes the results of the literature reviews for forest harvest effects on glacial and bedrock deep-seated landslides to 
address key knowledge gaps identified during the literature reviews and to address questions from the Forest Practices Board and 
Policy regarding the potential effects of forest practices on deep-seated landslides.  


This strategy includes a description of multiple projects, identifies their priority, timeline, sequence, and estimated cost, and 
describes the relationship between the project and the critical questions. The strategy evaluates the existing CMER deep-seated 
landslide work plan projects and proposes revisions. 


Project Objectives 


The objective of the research strategy is to evaluate the potential effects of forest practices on deep-seated landslide processes, to 
include initiation and transport, and risks to public resources and public safety. This project includes mapping and describing different 
landslide classes, which are the first steps toward evaluating the potential effects of forest practices. 


 
Budget* 


* The August 10, 2022 Board-approved budget.  Funding approved for FY22-FY23. Budget beyond FY23 are estimates only.  


    * The August 10, 2022 Board-approved budget.  Funding approved for FY22-FY23. Budget beyond FY23 are estimates only.  


**The timing for Project 4.7, GIS Toolkit Development, is contingent upon the timing of the development of Study Design for Projects 4.5/4.6.   
The $25,000 for FY2022 was utilized for LiDAR acquisition to inform DSL projects.  


Budget, continued 


Project Description FY 2027 FY 2028 FY 2029 FY 2030 FY 2031 FY2032 
Total 


4.5/4.6 Landslide Mapping & 
Classification $50,000      $485,000 


4.7 GIS Toolkit Development       $60,000 


4.8 Groundwater Modeling $50,000 $15,000     $210,000 


4.9 Physical Modeling $50,000 $15,000     $210,000 


4.10 Landslide Monitoring  $160,000 $200,000 $200,000 $200,000 $100,000 $925,000 


Total DSL Budget $150,000 $190,000 $200,000 $200,000 $200,000 $100,000 $1,890,000 


 


 


 


Project Description FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 


4.5/4.6 Landslide Mapping & 
Classification   $50,000 $150,000 $150,000 $85,000 


4.7 GIS Toolkit Development** $25,000  $35,000 $25,000   


4.8 Groundwater Modeling  $45,000 $25,000 $50,000 $25,000 


4.9 Physical Modeling  $45,000 $25,000 $50,000 $25,000 


4.10 Landslide Monitoring     $65,000 


Total DSL Budget $25,000 $175,000 $225,000 $250,000 $200,000 





		  Unstable Slopes Criteria Project (CWA Project) 

		  Deep-Seated Landslide (DSL) Research Strategy Projects 






Project Name Forested Wetlands Effectiveness Project (FWEP) – Chronosequence Study 


Workplan Critical 
Questions 
Addressed 


Rule Group Critical Questions: 


• What are the magnitude and duration of effects of timber harvest in and upslope of 
forested wetlands on water regimes, water quality, habitat functions, and aquatic 
resources in those wetlands, in downgradient waters, and the connectivity between 
them? 


• Are current Forest Practices Rules for timber harvest in and around forested 
wetlands effective at meeting the Forest and Fish aquatic resource objectives and 
performance targets, and the goal of no-net-loss of functions of those wetlands? 


Program Research Questions:  


• What are the effects, and their magnitudes and durations, of forest practices on 
water regimes, water quality, plant and animal habitats, and watershed resources in 
forested wetlands and linked (via surface or subsurface flow) downstream waters?  


• How does timber harvest in forested wetlands alter processes that influence 
hydrologic regimes in those wetlands, in downgradient waters, and the connectivity 
between them?  


• How does timber harvest in forested wetlands alter processes that influence water 
quality in those wetlands and in downgradient waters?  


• How does timber harvest in forested wetlands alter processes that influence plant 
and animal habitat functions in wetlands, in connected waters, and in surrounding 
uplands?  


• How well do current Forest Practices Rules in forested wetlands meet the Forest 
and Fish aquatic resource objectives and performance targets, and the goal of no-
net-loss of functions of those wetlands by half of a timber rotation cycle? 


FWEP Chronosequence Project Research Questions:  


The FWEP Chronosequence study strives to answer two sets of research questions 
derived from the CMER work plan’s critical questions (Hough-Snee et al. 2019): 


1. How does forested wetland hydrology change over time following post-harvest 
forest stand development? Specifically: 


a. How does the hydrology of recently harvested forested wetlands compare to 
the hydrology of recently undisturbed second-growth forested wetlands? 


b. How does the timing, duration, and magnitude of flow and material transport 
differ between recently harvested and recently undisturbed


 
second-growth 


forested wetlands? 
2. How do forested wetland vegetation and canopy-mediated habitat conditions 


change over time following post-harvest forest stand development? Specifically: 
a. How does recently harvested forested wetland vegetation composition 


compare to recently undisturbed second-growth forested wetland vegetation 
over time? 


b. Do canopy and vegetation-mediated habitat attributes (e.g., inundation 
duration, soil, and wetland temperature, etc.) converge between recent post-
harvest forested wetlands and recently undisturbed second-growth forested 
wetlands over time? 







Project Elements Timber harvest effects on forested wetlands and wetland forest practices prescription 
effectiveness. 


Responsible SAG 
and Project 
Manager 


SAG: WetSAG 


Project Manager: Jenny Schofield 


CMER Scientist and 
Principal 
Investigator(s)  


CMER Scientist: Tanner Williamson 


PI: Tanner Williamson 


Status/Phase • ISPR and CMER approval of the FWEP Chronosequence study design in December 
2019.  


• The Prospective 6 Questions document was delivered to Policy in August 2020.  


• The FWEP literature review, database, and webmap were approved by CMER in 
June 2020 and presented to Policy in August 2020. 


• Wetland Intrinsic Potential Tool Final Report was approved by CMER in April 
2021 and presented to TFW Policy in June 2021. 


• Wetland Intrinsic Potential Tool Final Report answers to the Six Questions was 
approved by CMER in April 2021 and presented to TFW Policy in June 2021. 


• Project Management Plan was developed and approved by CMER in October 2022. 


• The FWEP project team is currently implementing sites and continuing landowner 
outreach and site validation. 


•  


Project Timeline • FY22: Hire principal investigator. Complete project documents, site selection, field 
reconnaissance, and  instrumentation of pilot four sites.   


• FY23: Instrumentation of 20 sites, data collection and data QA/QC   


• FY24 - FY25: Data collection and data QA/QC. 


• FY26: Data QA/QC, data analysis, CMER-approved final report. 


• FY27: ISPR-approved final report, Findings Report, begin FWEP BACI study 
design. 


• FY28: Develop FWEP BACI study design and complete WetSAG and CMER 
review.  


• FY29: ISPR approved BACI study design. Develop site selection and data 
management document. Initiate site selection.  


• FY30: Year 1 BACI data collection. 


Expenditures • FY17 - FY20: $182,968 


• FY21: $11,312 


• FY22: $29,200 


• Expenditures through FY22: $223,480 


Complementary 
Projects and Project 
Sequencing 


Forest Practices and Wetlands Systematic Literature Review (complete); Statewide 
Forested Wetlands Regeneration Pilot Project (complete); Wetland Management Zone 







Effectiveness Monitoring Project (planned); Wetlands Intensive Monitoring Project 
(proposed) 


Project Summary and Purpose 


The FWEP projects will look at the effectiveness of forest practices prescriptions to protect, maintain, and restore 
aquatic resources, namely water quality and wetland hydrologic and ecological functions (CMER 2021). It will be 
evaluated to determine if they achieve the FPHCP goal of no-net-loss of functions of those wetlands by half of a 
timber rotation cycle while meeting water quality standards (FPHCP). 


The Forested Wetland Effectiveness Project is designed as a two-part, scientific investigation into how forested 
wetlands and their connected waters are affected by forest practices, as presently implemented under Washington 
State DNR’s Forest Practices Rules. This FWEP Chronosequence study is the predecessor study to a BACI study 
on how forested wetlands recover from harvest and will help inform how disturbance associated with forest 
harvest is affecting forested wetland hydrology, habitat, and water quality over time.  The Chronosequence 
substitutes studying multiple sites at different development states post-harvest (recently undisturbed, two, ten, and 
twenty years) in lieu of studying a set of sites for half of a timber harvest rotation (~20 years) following timber 
harvest. 


Project Objectives 


The primary research objectives of the FWEP are: 
1. To examine how well current forest practices rules meet the performance target of a no-net-loss of wetland 


functions by half of a timber rotation cycle (≥ 20 years), and Washington State Department of Ecology water 
quality standards. 


2. To develop study designs that, when implemented, will yield information on the changes in wetland 
functions and associated aquatic resources due to the implementation of forest practices under existing forest 
practices rules. 


 
Current Budget* 


FY22* FY23 FY24 FY25 FY26 FY27 FY28 Total Budget 


$368,934 $189,753 $171,562 $116,219 $55,000 $55,000 $200,000 $1,156,468 


 
Revised Budget 


Pre-FY22 
Spending 


FY22 FY23 FY24 FY25 FY26 FY27 Total Budget 


$194,279 $144,279 $280,176 $173,305 $165,023 $85,000 $35,000 $1,077,062 
*August 10, 2022 Board approved budget. Funding approved for FY22-FY23. Budget beyond FY23 are estimates only. 
 
  







Project Name Wetlands Management Zone Effectiveness Monitoring 


Workplan Critical 
Questions 
Addressed 


Rule Group Critical Question:  
• Are current Forest Practice Rules-specified wetland buffers (WMZ) for Type A and 


B wetlands (WAC 222-16-035) effective at meeting the Forest and Fish aquatic 
resource objectives and performance targets, and the goal of no-net-loss of 
functions of those wetlands? 


Program Research Questions: 
 What are the magnitude and duration of effects of timber harvest occurring upslope of 


Type A and B wetlands on processes, functions, and aquatic resources within and 
downstream of those wetlands? 


 How effective are current forest practice wetland buffers at facilitating no-net-loss in 
wetland functions following timber harvest? 


Project Elements WMZ effectiveness, wetland functions, wetland forest practices prescription 
effectiveness, in-stream LWD targets. 


Responsible SAG 
and Project 
Manager 


SAG: WetSAG 


Project Manager: Alexander Prescott 


CMER Scientist and 
Principal 
Investigator(s) 


CMER Scientist: Tanner Williamson (vacant) 


Principal Investigator(s): Tanner Williamson 


Status/Phase Scoping. Initial steps for this project would be to review past-approved CMER study 
findings and combine those results with additional relevant science into a draft BAS 
report.    


Project timeline • FY22:  Updated project charter.  


• FY23: Develop scoping document. Initiate WetSAG and CMER review of scoping 
document. 


• FY24: CMER approval of scoping document. Policy Six Questions Document for 
the scoping phase. Initiate project study design.  


• FY25: Complete study design and initiate WetSAG and CMER review of study 
design.  


• FY26 - FY34: Complete CMER review and ISPR of study design. Phases will 
include site selection, field implementation, data analysis, reporting, and approval 
processes. Timeline will be determined based on the scoping document.  


Expenditures Expenditures to date: $0 


Complementary 
Projects and Project 
Sequencing 


Forest Practices and Wetlands Systematic Literature Review (complete); Statewide 
Forested Wetlands Regeneration Pilot Project (complete); Wetlands Intensive 
Monitoring Project (proposed); Wetland Intrinsic Potential Tool (WIP) (complete); 
Forested Wetlands Effectiveness Project (in progress) 


Project Summary and Purpose 


This project will evaluate wetland functions to determine if the target of no-net-loss of hydrologic function, CWA 
assurance targets, and hydrologic connectivity are being achieved. This would include informing these two 
research questions: 1) test whether the wetland prescriptions are effective in preventing downstream temperature 
increases beyond targets, and 2) evaluate the effectiveness of current WMZs in meeting in-stream LWD targets. 







Problem Statement 
The Forest Practices and Wetlands Systematic Literature Review (CMER #12-1202) highlighted the lack of 
applied research projects focused on the effectiveness of wetland management zones (WMZs) for Type A and B 
wetlands at meeting the Forest and Fish aquatic resource objectives and performance targets. Adamus notes in the 
Wetland Research and Monitoring Strategy (2014, CMER #12-1203) that extrapolations from studies examining 
effects of forest practices on streams are “fraught with many interpretive difficulties.” Some of these difficulties 
are attributed to variations in sampling and data analysis, short duration studies that would be ineffective at 
monitoring wetland functions, and variations in buffers from those prescribed specifically for wetlands. There is 
little research specific to forest practices and wetlands in the Pacific Northwest, and no TFW or CMER research 
relative to the effectiveness of forest practices WMZs for large woody debris contribution (LWD), shade, meeting 
water quality targets for receiving streams, or other functions. Thus, this study will build upon the Forest Practices 
and Wetlands Systematic Literature Synthesis to further test whether the functional objectives for fish, wildlife, 
and water quality are met through the application of WMZs and BMPs for WMZ management. 
Purpose Statement 
The purpose of this project is to evaluate the effectiveness of WMZs for Type A and Type B wetlands in meeting 
the targets outlined in the FPHCP Appendix N, Schedule L-1 of the Forest and Fish Report, no-net-loss of 
hydrologic function, water quality standards, and hydrologic connectivity within the wetlands and downgradient 
streams. Similar work is being done with forested wetlands by the Forested Wetlands Effectiveness Project 
(FWEP).  


Project Objectives 


This project will evaluate wetland functions to determine if the target of no net loss of hydrologic function, water 
quality standards, assurance targets, and hydrologic connectivity are being achieved. 
This would include informing two Schedule L-2 research questions: 


1. Test whether the wetland prescriptions are effective in preventing downstream temperature increases above 
targets. 


2. Evaluate the effectiveness of current WMZs in meeting in-stream LWD targets.  
o  


Budget* 


FY22- 
FY25 FY26 FY27 FY28 FY29 FY30 FY31 FY32 FY33 Total 


Budget 


$0 $100,000 $360,0
00 $360,000 $360,000 $360,000 $360,000 $100,000 $45,000 $2,045,000 


*August 10, 2022 Board approved budget. Funding approved for FY22-FY23. Budget beyond FY23 are estimates only. 
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Draft Language: V2, 09/29/22 
 


The ability of salmon and steelhead to migrate to and from their traditional spawning grounds is 
vital to their recovery in Washington. Additionally, other fish species and the freshwater life stages of 
juvenile salmon move between different areas of the stream to find suitable habitat. Barriers such as 
deteriorating or outdated fishways and diversion dams block fish from swimming upstream and moving 
within the stream, undermining recovery efforts. Two actions crucial to fish recovery are correcting 
human-made fishway barriers and properly screening surface water diversions to enable safe upstream 
and downstream passage for all fish at all life stages. 


This chapter establishes the rules for the department’s fish passage and screening authorities 
(chapter 77.57 RCW). 


 
Instructions for using Chapter 220-XXX WAC. 


The technical provisions in WAC 22-XXX-XXX through 220-XXX-XXX represent common 
provisions for fishways and water diversions in Washington for the protection of fish life at all life 
stages. These provisions are intended to be used in tandem with Hydraulic Code Rules, WACs 220-
660. Hydraulic Codes rules contain guidance for the construction or performance of hydraulic projects 
that will use, divert, obstruct, or change the natural flow or bed of any salt or fresh waters of the state. 
This Chapter 220-XXX WAC defines passability and protection standards for existing and new fishways 
and water diversions. These provisions reflect the current and best science, technology, and 
construction practices related to the fish protection. 


The department will incorporate new science and technology as it becomes available and will 
allow alternative practices that provide equal or greater protection for fish life. 


In addition to the rules in this chapter, the department has developed guidance to help fishways 
and water diversion owners. The guidance reflects the department’s experience and expertise with 
various types of structures and hydraulic projects. Following the guidance will help ensure that a 
structure will adequately protect and pass fish. All guidance documents are available on the 
department’s website. 


 
Definitions. 


The following are definitions for terms used in this chapter: 
“Bankfull width” means the width of the surface of the water at the point where water just begins 


to overflow into the active flood plain. In streams where there is no flood plain, it is often the width of a 
stream or river at the dominant channel forming flow that reoccurs every one to two years. 


“Climate adapted water crossing” means a water crossing structure for which the design has 
been modified to accommodate changes in the stream flow and/or channel shape caused by future 
climate change. 


“Department” means the department of fish and wildlife. 
“Director” means the director of the department of fish and wildlife. 
“Ditch” means a wholly artificial watercourse or a lake, river, or stream altered by humans. 
“Diversion” means to divert water from one course to another. Diversion, when used without 


qualification, includes the diversion of surface water and the withdrawal of groundwater. 
“Emergency” means an immediate threat to life, the public, property, or of environmental 


degradation. 
“Entrained” means the entrapment of fish into a watercourse diversion that has no screen, into 


high velocity water along the face of an improperly designed screen, or into the vegetation cut by a 
mechanical harvester. 
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“Fish” means all fish species, including food fish, shellfish, game fish, unclassified fish species, 
and all stages of development of those species. 


“Fish habitat” or “habitat that supports fish life” means habitat, which is used by fish life at any 
life stage at any time of the year including potential habitat likely to be used by fish life, which could 
reasonably be recovered by restoration or management and includes off-channel habitat. 


“Fish guard” means a device installed at or near a surface water diversion headgate, or on the 
intake of any device used for removing water from fish-bearing waters, to prevent entrainment, injury, or 
death of fish life. Fish guards physically keep fish from entering the diversion or intake and do not rely 
on avoidance behavior. 


“Fish passage improvement structure” means artificial structures that are used to provide 
passage through, over, and/or around artificial barriers. They provide a graduated change in gradient 
with refuge areas allowing for fish to pass barriers. 


“Fish screen” means “fish guard.” 
“Fishway” means a device or structure that allows fish to pass freely through or around a dam, 


culvert, fish ladder, bridge, or other obstruction blocking the upstream or downstream fish habitat. They 
are generally known as “water crossing structures” or “fish passage improvement structures.” 


"Hydraulic project" means the construction or performance of work that will use, divert, obstruct, 
or change the natural flow or bed of any of the salt or fresh waters of the state.   


“Lake" means any natural standing fresh waters or artificially impounded natural fresh waters of 
the state, except impoundments of the Columbia and Snake rivers.   


"Maintenance" means repairing, remodeling, or making minor alterations to a facility or project 
to keep the facility or project in properly functioning and safe condition.   


"Mitigation" means sequentially avoiding impacts, minimizing impacts, and compensating for 
remaining unavoidable impacts to fish life or habitat that supports fish life.  


“Ordinary high water line” or “OHWL” means the mark on the shores of all water that will be 
found by examining the bed and banks and ascertaining where the presence and action of water are so 
common and usual, and so long continued in ordinary years as to mark upon the soil or vegetation a 
character distinct from the abutting upland. Provided, that in any area where the ordinary high water 
line cannot be found, the ordinary high water line adjoining saltwater is the line of mean higher high 
water and the ordinary high water line adjoining fresh water is the elevation of the mean annual flood. 


“Person” means an applicant, authorized agent, structure owner, permittee, or contractor. The 
term person includes an individual, a public or private entity, or organization. 


“Protection of fish life” means avoiding, minimizing unavoidable impacts, and compensating for 
remaining impacts to fish life and the habitat that supports fish life through mitigation sequencing. 


“Rehabilitation” means major work required to restore the integrity of a structurally deficient or 
functionally obsolete structure. This can include partial replacement of a structure. 


“Replacement” means the complete removal of an existing structure and construction of a 
substitute structure in the same location.  


“River” means “watercourse.” 
“Tide gate” means a one-way check valve that prevents the backflow of tidal water. 
“Unimpeded fish passage” means the free movement of all fish species at any mobile life stage 


around or through a human-made or natural structure. 
“Water crossing structures” means structures that span over, through, or under a water course. 


Examples are bridges, culverts, conduits, and fords. 
“Water right” means a certificate of water right, a vested water right or claim to a valid vested 


water right, or a water permit, under Title 90 RCW. 
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“Watercourse,” “river,” or “stream” means any portion of a stream or river channel, bed, bank, or 
bottom waterward of the ordinary high water line. Watercourse also means areas in which fish may 
spawn, reside, or pass, and tributary waters with defined bed or banks that influence the quality of 
habitat downstream. Watercourse also means waters that flow intermittently or that fluctuate in level 
during the year, and the term applies to the entire bed of such waters whether or not the water is at 
peak level. A water course includes all surface-water-connected wetlands that provide or maintain 
habitat that supports fish life. This definition does not include irrigation ditches, canals, stormwater 
treatment and conveyance systems, or entirely artificially watercourses, except where they exist in a 
natural watercourse that has been altered by humans. 


“Written notice” or “written notification” means a communication sent through U.S. mail or email. 
 


Applicability of Fish Passage and Screening authority. 


The provisions within WAC chapters 220-XXX-XXX to 220-XXX-XXX apply to the following 
structures and circumstances: 


1. Performance Standards: 
A. Protecting and ensuring that all fish species at all life stages can freely move through 


and around fishways. 
B. Protecting and ensuring that all fish species at all life stages are safe from water 


diversions that may harm or cause entrainment. 
2. Projects: 


A. All fishways and water diversions connecting to a lake, steam, or river. 
B. The repair or replacement of existing non-compliant fishways and water diversions 


connecting to a lake, stream, or river. 
The provisions within WAC chapters 220-XXX do not apply to the following: 


A. Tide gates, flood gates, and associated man-made agricultural drainage facilities that 
were originally installed as part of an agricultural drainage system on or before May 20, 
2003, or the repair, replacement, or improvement of such tide gates or flood gates. 


B. Lawful diversions of water from a lake, stream, or river installed on or prior to June 11, 
1947. 


 
Standards for Existing and New Fishways and Water Diversions. 


The following section defines standards for fishways and water diversions to ensure the greatest 
protections and unimpeded fish passage of a structure for fish at all life stages. 


1. Water Crossing Structures 
This section applies only to water crossing over fish-bearing lakes, streams, and rivers. 
A. Description: Water crossing structures are built to facilitate the movement of people, 


animals, or materials across or over rivers and other water bodies. These structures include 
bridges, culverts, fords, and conduits. Generally, people use bridges to cross over larger 


streams and rivers, or over unstable channels; they use culverts to cross over smaller 


streams and they use fords when other stream crossing options would result in a greater 


impact to fish life and fish habitat. Growing evidence shows that climate change is impacting 
our region’s aquatic systems. The Pacific Northwest hydrology is changing, including 
reductions in glaciers and snowpack size and earlier peak stream flow in many rivers. Most 
fresh water fish species can only survive in certain water temperature ranges or stream flow 
conditions. Climate change can threaten aquatic ecosystems by altering these conditions 
including increasing stream temperature, altering stream flow due to drought or increased 
storms and worsening other stressors. These trends are expected to continue, along with 
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increasing flood size and decreasing summer low flows. Typically, the size of water crossing 
structures like culverts and bridges is based on bankfull width. As the size of floods 
increases, water crossing sizes must also increase. Culverts are generally designed to last 
50 to 100 years under current stream conditions. Designing culverts to be resilient to future 
changes in stream conditions will reduce the risk of structural failure and the creation of 
fishway barriers. 


B. Fish Life Concerns: 


i. Water crossing structures in fish-bearing streams must allow fish to move freely 
through them at all flows when fish are expected to move. All water crossing 
structures must retain upstream and downstream connection to maintain expected 
channel processes. These processes include the movement and distribution of wood 
and sediment and shifting channel patterns. Fishways that are not designed to 
accommodate future flows can block or alter these processes, although some 
encroachment of the flood plain and channel migration zone will be approved when it 
can be shown that such encroachment has minimal impacts to fish life and habitat 
that supports fish life. 


ii. Fords have a high potential to generate and deliver sediment and may impede fish 
passage. However, under limited circumstances, fords are appropriate when they 
provide better protection of fish life and habitat that supports fish life than other water 
crossing structures. 


C. Standards: 


i. Water crossing structures must provide unimpeded passage for all species of adult 
and juvenile fish. Passage is assumed when there are no barriers due to behavioral 
impediments, excessive water slope, drop or velocity, shallow flow, lack of surface 
flow, uncharacteristically coarse bed material, and other related conditions. Fish 
passage improvement structures will only be approved where extreme and unusual 
site conditions prevent a person from complying with the provisions in this section 
provided associated impacts are adequately mitigated. 


ii. Projections of future 100-year peak flow and future bankfull width shall be considered 
in the design of water crossing structures. To determine the future bankfull width and 
future 100-year peak flow, a person must use the department’s Culverts and Climate 
Change web application located on the department’s website, or another method 
approved by the department. If the projected change in bankfull width and 100-year 
peak flow is less than 5 percent, further consideration of future bankfull width and 
future peak flow is not required. 


iii. Water crossing structures that are sized to accommodate future bankfull width and 
future 100-year peak flow must still follow the rules provided elsewhere in this 
chapter and in WACs 220-660. Appropriate methods to design water crossing 
structures are available in the department’s Water Crossing Design Guidelines, or 
other published manuals and guidelines. A list of approved manuals and guidelines 
is on the department’s website. 


2. Fish Passage Improvement Structures 
The provisions in this section apply to fish ladders, weirs constructed for fish passage 
management, roughened channels, trap-and-haul operations, and hydraulic design culvert 
retrofits. 
A. Description: Fish passage improvement structures facilitate the passage of fish through or 


around a barrier. They restore upstream and downstream fish access to habitats that have 
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become isolated by human activities such as placing culverts, dams, and other artificial 
obstructions. 


B. Fish Life Concerns: Barriers can block fish from using or accessing upstream spawning 
and rearing habitat. The main goal is to remove fish passage barriers and ensure 
unimpeded passage of fish at all life stages, as well as to maintain natural channel 
processes and function. However, when it is not feasible to remove a barrier, a fish passage 
improvement structure may be an alternative mitigation measure. The department does not 
generally recommend using fish passage improvement structures because they can be 
partial barriers to fish passage and generally require maintenance. Fish passage 
improvement structures that mainly pass one species or class of fish may unintentionally 
limit the passage of other species. 


C. Standards: Fish passage improvement structures, such as fish ladders, must not 
accumulate sediment and debris at the downstream entrance, or upstream exit of the 
structure that could impact flow or passage. Water must adequately flow through the 
structure at a reasonable velocity. Any water surface drop present at a fish passage 
improvement structure must not exceed .24 meters at any of the controls to be fully 
passable. While these standards describe unimpeded fish passage for fish passage 
improvement structures, unless otherwise dictated by a legal agreement, these standards 
are not enforceable for fish passage improvement structures around natural barriers. Fish 
passage improvement structures should not be used to bypass permanent natural barriers 
except in extreme and unusual situations where they are needed to restore native fish 
species. 


3. Existing Fishways 
For structures that are in existence on for before XX-XX-XXXX. (rule implementation date) 
A. Description: Fishways that were legally installed are not required to consider projections of 


future bankfull width and future 100-year peak flows unless being maintained, rehabilitated 
or replaced, so long as they function as originally intended and have not exceeded their 
useful life. 


B. Fish Life Concerns: Fishways must allow fish to move freely through them at all flows 
when fish are expected to move. Fishways that are not designed to accommodate future 
flows can block or alter these processes, although some encroachment of the flood plain 
and channel migration zone will be approved when it can be shown that such encroachment 
has minimal impacts to fish life and habitat that supports fish life. 


C. Standards: Fishway design must provide passage for adults and juveniles of the species 
that are expected to be present in that system, at the times of year they are expected to be 
present must provide unimpeded passage for all species of adult and juvenile fishes. 
Passage is assumed when there are no barriers due to behavioral impediments, excessive 
water slope, drop or velocity, shallow flow, lack of surface flow, uncharacteristically coarse 
bed material, and other related conditions. Methods and guidance to initially determine if the 
fishway can freely pass fish can be found within the fish passage inventory and assessment 
guidance on the department’s website. The fish passage inventory and assessment 
guidance should be considered along with the site specific metrics listed above. 


4. Water Diversions 
A. Description: Surface water diversions are common instream features in agricultural areas 


where the water is used for irrigation. Throughout the state, people also divert water for 
hydropower, industrial, recreational, residential, municipal, and hatchery uses. A water right 
must be obtained prior to diverting waters of the state. 
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B. Fish Life Concerns: To protect fish life, including salmon and steelhead, Washington state 
law (RCW 77.57.070 and 77.57.010) requires that all surface water diversions be 
appropriately screened to prevent fish from being drawn into the diversions where they are 
at risk for injury or death from entrainment. Other elements of a water diversion can result in 
direct and indirect sources of injury or mortality. Wing and check dams can prevent or delay 
upstream and downstream fish passage increasing predation, and fish may be physically 
injured or dewatered by active cleaning mechanisms or in bypass mechanisms. 


C. Standards: Devices must be designed and maintained so that fish life are unharmed if fish 
life is present at the diversion and intake. Effective fish screening is assumed when a given 
fish screen has no apparent damage, such as holes, dents, or corrosion, and there is no 
accumulation of woody, vegetative, or other debris near the screen when the device is in 
use.  


D. Limit of department authority over water diversions and intakes: 
1. The department cannot limit emergency water diversions during emergency fire response. 


When possible, a person must notify the department before the emergency diversion. When 
advance notification is not possible, a person must notify the department within twenty-four 
hours of the emergency diversion, at the twenty-four-hour hotline phone number at 360-902-
2536.  


2. The department cannot limit the amount or timing of water diverted under a water right, 
other than ensuring that there is sufficient bypass flow to return fish back to the stream of 
origin from a water diversion. However, the department requires the provisions within WAC 
220-xxx-xxx for work that will use, divert, obstruct, or change the natural flow or bed of any 
of lake, river, or stream, or that will utilize any of the waters of a lake, river, or stream to 
divert water under a water right. 


3. Regulating water flow from a permanent permitted irrigation structure by operating valves, or 
manipulating stop logs, check boards, headgates, or headboards, does not require approval 
under RCW 77.57 (this chapter), nor an HPA under RCW 77.55. 


4. The department must allow a person who has a gravel berm dam diversion permitted by the 
department before January 1994 to continue to have the dam if it complies with the 
provisions of the HPA under RCW 77.55. However, the department can provision the 
approval of gravel berms. 


E. Water diversion design, construction, operation, and maintenance: 


1. A diversion structure must not hinder upstream or downstream adult and juvenile fish 
passage. If passage problems develop, the department may require a person to modify the 
check or wing dam. 


2. At pump stations, screens, and headgate areas, a person may use excavation equipment or 
suction dredge to remove accumulated silts and gravel from within twenty feet of the point of 
diversion unless otherwise permitted. Place material removed so it will not reenter a lake, 
river, or stream. The water diversion must be open during this work to capture disturbed 
sediment within the irrigation diversion and prevent loss of sediment into the stream. 


3. Equip and maintain any device used for diverting water from a fish-bearing watercourse with 
a fish screen approved by the department to prevent passage or impingement of fish into 
the diversion device. Maintain the fish screen and associated structures as necessary to 
achieve the approach velocity, a functional bypass, and fish protection criteria. 


4. Irrigation diversions must not create blind diversion channels leading to the fish screen. 
Diversions must be equipped with a fish bypass mechanism to provide opportunity for fish 
entrained within a delivery canal to volitionally return to the stream. 
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5. Gravity diversions. 
a. Wing and check dams. 


i. Prior to constructing a wing or check dam, contact the department for 
opportunity to assess the site and determine whether active spawning and 
incubation is occurring at the site.   


ii. Maintain diversion canals to maximize hydraulic gradient in the diversion 
canal to minimize the need for work within the natural watercourse. 
Maintenance includes removing sediment and debris at the point of 
diversion.   


iii. Unless a gravel dam is approved, temporary wing or check dams for irrigation 
may be constructed using a combination of jersey barriers, concrete blocks, 
steel posts and wood, pinned straw bales, plastic sheeting, and similar inert 
materials.   


iv. Where gravel dams are permitted, they must be constructed with gravels 
available on-site waterward of the ordinary high water line, or with clean round 
gravel transported to the site. Limit bed disturbance to the minimum needed 
to achieve the provisions of the water right.   


v. Bed excavation depth to construct an irrigation diversion must not exceed 
eighteen inches unless otherwise approved by the department to avoid 
destabilizing the stream bed.   


vi. Earth or dirt must not be used to seal check or wing dams. Straw, plastic 
sheeting, filter fabric, and similar inert materials may be used to seal wing or 
check dams.   


vii. Do not use logs or other woody material waterward of the ordinary high 
water line to construct the dam unless approved by the department. Large 
wood from upland locations may be used to create a wing or check dam.   


viii. If logs or other large woody material block water flow into a ditch or inhibit 
construction, a person may relocate them within the ordinary high water line.   


ix. Wing or check dams must be constructed in a manner that does not cause 
bank erosion.   


x. All foreign materials, except clean or native gravel, used to construct wing or 
check dams must be removed within seven days after the end of the irrigation 
season. 


b. Diversion dams must not extend completely across the stream unless needed to seal 
the dam to achieve the water right. 


c. Graveled wing dams must be removed or breached down to the natural bed 
elevation in at least two locations at the end of the irrigation season. 


6. Start-up and shut-down of water diversions. 
a. Clean and maintain the fish bypass mechanism prior to diverting water to ensure it is 


operational and will prevent injury or stranding of fish life. 
b. Ensure that there is sufficient flow within the bypass mechanism to safely return fish 


life from the fish screen to state waters. 
c. If at any point during water diversion there is insufficient instream flow to provide 


opportunity for fish life to migrate downstream, close the fish bypass until there is 
sufficient flow. 


d. Slowly ramp down flows at the end of the irrigation season in a manner that prevents 
stranding or predation of fish life within a canal above the fish screens or within the 
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fish bypass mechanism. Do not close the headgate completely until fish have either 
left the canal and bypass or are salvaged and returned to the stream. Headgates 
located downstream of the fish screen may be closed immediately at the end of the 
irrigation season. 


 
Compliance with WAC 220-XXX provisions. 


A fishway or fish screen owner must comply with all provisions of chapter 77.57 RCW and this 
chapter.  If a person violates chapter 77.57 RCW or this chapter, the department may require 
maintenance, rehabilitation, or replacement of the structure.    


The department will help the regulated community understand how to voluntarily comply. The 
department achieves voluntary compliance through education and technical assistance when the 
department advises and consults on structures, performs on-site technical visits, or provides guidance 
materials written in easily understood language.   


When the department cannot get voluntary compliance by issuing a correction request, the 
department may use a range of increasingly strict enforcement tools. This ranges from entering into an 
agreement for maintenance, rehabilitation, or replacement of a fishway or screen to issuing notices to 
comply, or when appropriate, criminal prosecution. 


1. Technical assistance program: The department will continue to develop programs to 
encourage voluntary compliance. The programs include technical assistance visits, printed 
information, information and assistance by telephone, training meetings, and other appropriate 
delivery methods of technical assistance. In addition, the department will provide a list of 
organizations that provide technical assistance. This list is compiled by the department from 
information submitted by the organizations and does not constitute an endorsement by the 
department or any organization. 


a. Technical assistance includes: 
i. Information on the laws, rules, and compliance methods and technologies 


applicable to the department's programs;   
ii. Information on methods to avoid compliance problems;   
iii. Assistance in applying for permits; and   
iv. Information on the mission, goals, and objectives of the program.  


2. Technical assistance visit: 


a. A technical assistance visit is defined as a visit by the department to a project site or 
other location that:   


i. Has been requested or is voluntarily accepted; and   
ii. The department declares it to be a technical assistance visit at the start of the 


visit.   
b. During a technical assistance visit, or within a reasonable time thereafter, the 


department must prepare a correction request to inform the fishway or fish screen owner 
of any violations of law or department rules identified by the department. 


c. The department may take action under this section without first issuing a correction 
request when a violation is observed during a technical assistance visit only if:   


i. The project proponent has previously been subject to an enforcement action for 
the same or similar type of violation under RCW 77.57, or has been given 
previous notice for the same or similar type of violation under RCW 77.57; or   


ii. The violation has a probability of causing more than minor harm to fish life. 
3. Voluntary compliance: 


a. “Voluntary compliance” means an act of following a rule or law, or of acting according to 
an agreement without being forced to.   



https://app.leg.wa.gov/rcw/default.aspx?cite=77.57&full=true

https://app.leg.wa.gov/rcw/default.aspx?cite=77.57&full=true
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b. For the rehabilitation, replacement, or maintenance of a fishway or fish screen, the 
owner must obtain a construction permit called the hydraulic project approval (HPA) from 
the department when applicable. Procedures for an HPA can be found in WAC 220-660.  


c. For occurrences where an HPA under RCW 77.55 does not apply, the department will 
enter into a memorandum of understanding (MOU) or compliance action plan (CAP) with 
the owner. The MOU or CAP must protect fish life: 


i. Technical provisions in the MOU or CAP must meet requirements within this 
chapter for fishways and water diversions; and 


ii. The provisions in the MOU or CAP must include the proposed project plans and 
a narrative that includes detail on construction materials, timing, invasive species 
control, pre- and post-construction notifications, clean up, and other 
considerations specific to the site and project.  


4. Correction request: 


a. If during a technical assistance visit, the department discovers a violation of any 
provisions within chapter 77.57 RCW or this chapter, it must, during the visit or within a 
reasonable time thereafter, issue a correction request to the fishway or fish screen 
owner detailing steps needed to bring the structure into compliance.   


b. Contents of a correction request: A correction request must indicate whether it originates 
from a technical assistance or a compliance visit. A correction request must include:   


i. A description of what is not in compliance with chapter 77.57 RCW or this 
chapter;   


ii. The text of the specific section(s) or subsection(s) of chapter 77.57 RCW or this 
chapter;   


iii. A statement of what is required to achieve compliance;   
iv. The date by which the fishway or fish screen owner must achieve compliance;   
v. Notice of the means to obtain technical assistance services provided by the 


department or others; and   
vi. Notice of when, where, and to whom a request may be submitted to the 


department to extend, for good cause, the deadline for achieving compliance with 
the correction request.   


c. The department must provide for a reasonable time to achieve compliance.   
d. Time extension to comply: A request for an extension of the deadline for achieving 


compliance with the correction request must be submitted to the department in writing 
within ten calendar days of receiving the correction request. The department must 
respond in writing to a request for extension of the deadline. 


e. A correction request is not a formal enforcement action and is not subject to appeal 
under state law.  


5. Noncompliance actions: 


a. Following a technical assistance visit and correction request, if the person fails to 
respond by the date by which the fishway or fish screen owner must achieve 
compliance, the department will send a notice to comply:   


i. A notice to comply must specify the corrective action to be taken, and may also 
require additional action to prevent, correct, or compensate for adverse impacts 
to fish life caused by the failure to respond.   


ii. Contents of a notice to comply. A notice to comply must include:   
1. A description of the condition that is not in compliance;   
2. The text of the specific section(s) or subsection(s) of chapter 77.57 RCW 


or this chapter;   







   
 


10 
 


3. A statement of what is required to achieve compliance;   
4. The date by which the department requires compliance to be achieved;   
5. Notice of the means to obtain any technical assistance services provided 


by the department or others; and   
6. Notice of when, where, and to whom a request may be submitted to the 


department to extend, for good cause, the deadline for achieving 
compliance with the order.   


7. The right to appeal.   
iii. The department must provide for a reasonable time to achieve compliance.   
iv. Signature authority for a notice to comply: A notice to comply must be authorized 


by a regional habitat program manager, regional director, habitat program 
division manager, habitat program director, habitat program deputy director, or 
department director.   


v. Providing notice: Within five business days of issuing a notice to comply, the 
department must mail a copy of the notice to the last known address of the 
person, to the last known address of the owner of the land on which the fishway 
or fish screen is located, and to the local jurisdiction in which the fishway or fish 
screen is located. The department must take all reasonable measures to ensure 
that the project proponent receives the notice.   


b. Consequences of noncompliance: Failure to comply with a notice to comply can result in 
subsequent criminal enforcement actions.   


i. An action for injunctive relief to abate a noncompliant dam or obstruction as a 
public nuisance. 


ii. Under Washington state law (RCW 77.15.310), unlawful failure to use or 
maintain an approved fish guard, screen, or bypass on a diversion device is a 
gross misdemeanor. 


iii. Under Washington state law (RCW 77.15.320), unlawful failure to provide, 
maintain, or operate a fishway, dam, or other obstruction is a gross 
misdemeanor. 


iv. Under Washington state law (RCW 77.57.030), dams or other obstructions may 
have a fishway approved by the director. Plans and specifications must be 
provided to the department prior to the director's approval. The fishway must be 
maintained in an effective condition and continuously supplied with sufficient 
water to freely pass fish.   


1. If a person fails to construct and maintain a fishway or to remove the dam 
or obstruction in a manner satisfactory to the director, then within thirty 
days after written notice to comply has been served upon the owner, their 
agent, or the person in charge, the director may construct a fishway or 
remove the dam or obstruction. Expenses incurred by the department 
constitute the value of a lien upon the dam and upon the personal 
property of the person owning the dam. Notice of the lien shall be filed 
and recorded in the office of the county auditor of the county in which the 
dam or obstruction is situated. The lien may be foreclosed in an action 
brought in the name of the state.   


2. If, within thirty days after notice to construct a fishway or remove a dam or 
obstruction, the owner, their agent, or the person in charge fails to do so, 
the dam or obstruction is deemed a public nuisance and the director may 
take possession of the dam or obstruction and destroy it. No liability shall 
attach for the destruction.   


c. Replacement/repair of the noncompliant fishway or fish screen by the department:   



https://app.leg.wa.gov/RCW/default.aspx?cite=77.15.310

https://app.leg.wa.gov/RCW/default.aspx?cite=77.15.320
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i. Under Washington state law (RCW 77.57.070 and 77.57.010), water diversions 
that are found in violation of WAC 220-XXX, the director or the director's 
designee may close a water diversion device and keep it closed until it is properly 
equipped with a fish guard, screen, or bypass.   


1. The fish screens must be installed at places and times prescribed by the 
director upon thirty days' notice to the owner of the diversion device.   


2. Each day the diversion device is not equipped with an approved fish 
guard is a separate offense. If within thirty days after notice to equip a 
diversion device the owner fails to do so, the director may take 
possession of the diversion device and close the device until it is properly 
equipped. Expenses incurred by the department constitute the value of a 
lien upon the diversion device and upon the real and personal property of 
the owner. Notice of the lien will be filed and recorded in the office of the 
county auditor of the county in which the action is taken.   


ii. For fishways and water division devices in existence on September 1, 1963 or 
before, the director may authorize removal, relocation, reconstruction, or other 
modification of an inadequate fishway or fish screen without cost to owner. The 
fishway or water diversion device will be maintained at the expense of the owner. 


Informal appeal of administrative actions. 
An informal appeal is an internal department review of a department HPA decision and is conducted 
under chapter 34.05 RCW (Administrative Procedure Act). 


1. The department recommends that a person aggrieved by a department fishway or water 
diversion decision contact the depart employee responsible for making the decision before 
initiating and informal appeal. Discussion of concerns with the department employee often 
results in a resolution without the need for an informal appeal. 


2. The department encourages a person aggrieved by a department decision to take advantage of 
the informal appeal process before initiating a formal appeal. However, a person may pursue a 
formal appeal under WAC 220-XXX-XXX (below section) without first obtaining informal review 
under this section. This rule does not apply to correction requests issued following a technical 
assistance visit or compliance inspection. 


3. Requesting an informal appeal. 
a. Issuance of a notice to comply may be informally appealed only by the structure operator 


who received the notice or by the owner of the land on which the structure is located. 
b. Issuance of a notice of criminal penalty may be informally appealed only by the person 


incurring the penalty. 
4. A request for an informal appeal must be in writing and must be received by the department 


within thirty days from the date of receipt of the decision, order, or notice. "Date of receipt" 
means: 


a. Five business days after the date of mailing; or 
b. The date of actual receipt, when the actual receipt date can be proven by a 


preponderance of the evidence, up to forty-five days from the date of mailing. A person's 
sworn affidavit or declaration indicating the date of receipt, which is unchallenged by the 
department, must constitute enough evidence of actual receipt. 


5. A request for informal appeal must be submitted in one of the following ways: 
a. Mailed to: 


Fishways & Diversion Appeals Coordinator 
Department of Fish and Wildlife 
Habitat Program 
P.O. Box 43234 
Olympia, WA 98504-3234 



https://app.leg.wa.gov/RCW/default.aspx?cite=34.05





   
 


12 
 


b. Email: (Need to create) 
c. Fax: 360-902-2946; or 
d. Hand delivered to the Natural Resources Building, 1111 Washington Street S.E., 


Olympia, WA 98501, Habitat Program, Fifth Floor. 
6. The request must be plainly labeled as "Request for Informal Appeal" and must include the 


following: 
a. The appellant's name, address, email address (if available), and phone number; 
b. The specific department action that the appellant contests; 
c. The date of the specific department action being contested; 
d. A copy of the specific department action that the appellant contests; 
e. A short and plain statement explaining why the appellant considers the department 


action or order to provide inadequate protection of fish life or to be otherwise unlawful; 
f. A clear and concise statement of facts to explain the appellant's grounds for appeal; 
g. Whether the appellant is the landowner, resident, or another person with an interest in 


the department action in question; 
h. The specific relief requested; 
i. The attorney's name, address, email address (if available), and phone number, if the 


appellant is represented by legal counsel; and 
j. The signature of the appellant or their attorney. 


7. Upon receipt of a valid request for an informal appeal, the department may initiate a review of 
the department action. 


8. Informal conference. If the appellant agrees, resolution of the appeal may be facilitated through 
an informal conference. The informal conference is an optional part of the informal appeal and is 
normally a discussion between the appellant, the department employee responsible for the 
decision, and a supervisor. The time period for the department to issue a decision on an 
informal appeal is suspended during the informal conference process. 


9. Informal appeal hearings. If the appeal is received from a person who is not the owner, or if the 
appeal involves an order imposing penalties, or if a resolution is not reached through the 
informal conference process, then the fishway and water diversion appeals coordinator or 
designee may conduct an informal appeal hearing or review. Upon completion of the informal 
appeal hearing or review, the fishway and water diversion appeals coordinator or designee must 
recommend a decision to the director or designee. The director or designee must approve or 
decline to approve the recommended decision within sixty days of the date the department 
received the request for informal appeal, unless the appellant agrees to an extension of time. 
The department must notify the appellant in writing of the decision of the director or designee. 


10. If the department declines to initiate an informal review of its action after receipt of a valid 
request, or the appellant still wishes to contest the department action following completion of the 
informal appeal process, the appellant may initiate a formal appeal under WAC 220-XXX-XXX 
(section below). Formal review must be requested within the time periods specified in WAC 220-
XXX-XXX (section below). 


Formal appeal of administrative actions. 
A formal appeal is an appeal to the pollution control hearings board (board) under chapters 34.05 RCW 
and 371-08 WAC. 


1. The department recommends that a person aggrieved by a department fishways or water 
diversion decision contact the department employee responsible for making the decision on the 
fishway or water diversion before initiating a formal appeal. Discussion of concerns with the 
department employee often results in a resolution without the need for a formal appeal. 


2. The department encourages a person aggrieved by a department fishway or water diversion 
decision to take advantage of the informal appeals process under WAC 220-XXX-XXX before 
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initiating a formal appeal. However, a person may pursue a formal appeal under this section 
without first completing the informal appeal process under WAC 220-XXX-XXX. 
This rule does not apply to correction requests issued following a technical assistance visit or 
compliance inspection, under WAC 220-XXX-XXX. 


3. Requesting a formal appeal. 
a. Issuance of a notice to comply may be formally appealed only by a person who received 


the order or notice from the department or by the owner of the land on which the fishway 
or water diversion is located. 


b. Issuance of a notice of criminal penalty may be formally appealed only by the person 
incurring the penalty. 


4. A request for formal appeal must be in writing and must be filed with the clerk of the board and 
served on the department within thirty days from the date of receipt of the decision, order, or 
notice. "Date of receipt" means: 


a. Five business days after the date of mailing; or 
b. The date of actual receipt, when the actual receipt date can be proven by a 


preponderance of the evidence, up to forty-five days from the date of mailing. A person's 
sworn affidavit or declaration indicating the date of receipt, which is unchallenged by the 
department, must constitute enough evidence of actual receipt. 


5. The request must be plainly labeled as "Request for Formal Appeal" and, under WAC 371-08-
340, must include the following: 


a. The appellant's name, mailing address, email address (if available), and phone number; 
and if represented by another, the representative's name, mailing address, email 
address, and phone number; 


b. The specific department action that the appellant contests; 
c. The date of the specific department action being contested; 
d. A copy of the decision, notice, or order you are appealing; 
e. A short and plain statement explaining why the appellant considers the department 


action, notice, or order to provide inadequate protection of fish life or to be otherwise 
unjust or unlawful; 


f. A clear and concise statement of facts to explain the appellant's grounds for appeal; 
g. Whether the appellant is the landowner, resident, or another person with an interest in 


the department action in question; 
h. The specific relief requested; 
i. The signature of the appellant or his or her representative. 


6. Service on the department must be submitted in one of the following ways: 
a. Mailed to: 


Fishways & Diversion Appeals Coordinator 
Department of Fish and Wildlife 
Habitat Program 
P.O. Box 43234 
Olympia, WA 98504-3234 


b. Email: (Need to create) 
c. Fax: 360-902-2946; or 
d. Hand delivered to the Natural Resources Building, 1111 Washington Street S.E., 


Olympia, WA 98501, Habitat Program, Fifth Floor. 
7. The time period for requesting a formal appeal is suspended during consideration of a timely 


informal appeal. If there has been an informal appeal, the deadline for requesting a formal 
appeal must be within thirty days from the date of receipt of the department’s written decision in 
response to the informal appeal. 


8. The department at its discretion may stay the effectiveness of any decision or order that has 
been appealed to the board. The department will use the standards in WAC 371-08-415(4) to 



https://app.leg.wa.gov/WAC/default.aspx?cite=371-08-340

https://app.leg.wa.gov/WAC/default.aspx?cite=371-08-340

https://app.leg.wa.gov/WAC/default.aspx?cite=371-08-415
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make a decision on any stay request. At any time during the appeal, the appellant may appeal 
to the board for a stay of the decision or order, or removal of a stay imposed by the department. 


9. If there is no timely request for an appeal, the department action will be final and 
nonappealable. 


 
 
Remedies not exclusive: The remedies under this chapter are not exclusive and do not limit or 
abrogate any other civil or criminal penalty, remedy, or right available in law, equity, or statute.   
 








 


† Information attached 
†† Information provided at meeting 
 
 


Washington Forest Protection Association 
Forest Policy Committee Advance 


Industry Science Session 
The Heathman Lodge (7801 NE Greenwood Drive, Vancouver, WA  98662) 


December 15th, 12:00 pm – December 16th 12:00 pm  
Zoom Meeting Link: 


https://us06web.zoom.us/j/84026177612?pwd=bDJRNTRMNEZlRmQzVlplMXRUODBmZz09 


Call in: 253 215 8782 
Meeting ID: 840 2617 7612 


Passcode: 961483 
  


A G E N D A 


Time   Topic       Discussion Leader 
December 15th  
12:00  Introductions, Announcements & Overview   Smalley/Hooks/Cramer 


Boxed Lunch will be provided  
Overall Objective:  Develop outline of strategies that address the              
science risks and opportunities for members to share with the WFPA Board. 


 
12:15 Thoughts and Direction from the Executive Director   Spadaro 
 
12:30 Emerging Industry Science Needs    Cramer/Hooks  


Objective: Identify science and technical work outside of the Washington Adaptive 
Management Program (AMP), prioritize risks and opportunities, discuss level of engagement 
for prioritized science, and identify gaps in resources needed.  
 
Current Science Outside of AMP 
• NCASI studies (current/planned) † 
• DFW/USFW status reviews† 
• $48M DFW legislative request for Maintaining WA biodiversity† 
• Technical support for DFW/DOE rule-making 
• Chehalis Basin 
• Governor’s roundtable 
• University research projects relevant to forest management 


o Precision Forestry Coop 
o OSU 
o UW more broadly 


• Intensively Monitored Watersheds (SRF board projects) † 
• Tribal research  
• DOE Temperature or other requests for landowner access for research 
• WDFW requests for landowner access for research 


   
2:20  Break 
 
2:30  Cooperative Monitoring, Research and Evaluation Committee   Knoth/Kroll 
  



https://us06web.zoom.us/j/84026177612?pwd=bDJRNTRMNEZlRmQzVlplMXRUODBmZz09





 


† Information attached 
†† Information provided at meeting 
 
 


Objective:  High level review of current and planned CMER studies to assess status, risk, and 
desired outcomes.  
 
CMER Overview †           
• RSAG – Extensive Monitoring, Riparian Characteristics & Shade Response, Westside Type F 


Riparian Rx Monitoring 
• UPSAG – Unsx criteria (Shallow Landslide Susceptibility, Shallow Landslide Runout, Management 


Susceptibility Modeling) DSL strategy (Mapping Objectives, Pilot Classification, Toolkit 
Development, Groundwater Modeling), Road Prescription-Scale Effectiveness Monitoring 


• ISAG – PHB, Default Physical Characteristics, model-based map 
• WETSAG – Forested Wetlands Effectiveness Project, Wetlands Management Zone Effectiveness 


Monitoring 
• LWAG – Type Np Hard Rock Phase III – Amphibian Demographics, Temperature and Amphibians in 


discontinuously flowing Np reaches 
• SAGE – Eastside Type N Effectiveness, Eastside Timber Harvest Evaluation Project; Eastside Forest 


Health Strategy Development 
 
3:50  WFPA science and policy intersection and AMP efficiency  Hooks/Cramer 


Objective: Outline potential reforms to AMP framework and/or   Kroll/Knoth      
processes, structure, and function.   
 
Group Discussion on current AMP and non-CMER science needs 
• CMER participation (voting member qualifications/makeup) 
• Revising performance targets, objectives, and critical questions 
• Process chokepoints (Protocol and Standards Manual) 
• Should we use non-CMER science needs for proposal initiations? 
• Dispute Resolution  
• Non-CMER science 
• ISPR 
• CMER participation communication, collaboration and training needs 
• How do these fit into SAO Audit Response? 


 
5:00  Adjourn 
  Dinner is own your own        
 
December 16th   
8:00  Summary of yesterday’s discussions and overview of today’s  All  
  Breakfast will be provided 


8:15  Water Quality Monitoring in California     Cajun James (invited) 


  An overview of how a landowner addressed a regulatory/legal risk with data and Science  


8:45 A Look into the Crystal Ball      Hooks/Cramer 
Objective: Science and policy needs for the next 5-10 years and feedback on developing a 
strategic plan to implement 







 


† Information attached 
†† Information provided at meeting 
 
 


Group discussion identifying perceived problems or risks and frameworks to develop 
strategies, resource needs, timelines, and creating budgets to address them.                    


• Water Quantity/Quality (climate change) 
• Extensive Monitoring 
• Data Collection Needs (Internally and/or collaboratively, addressing implementation 


issues) 
• Other concepts identified from 12/15 


10:15  Break 


10:30  What is Next? 


Roundtable on Emerging Needs  
• What do we need for solving Washington policy issues that is not being addressed? 
• Which carry the most risk/opportunity? 
• How do we accomplish that? 
• Do we incorporate these into AMP? 


  
Current and future resource needs 
• Transition/Resource Staffing Needs 
• Now that we’ve talked about what is needed, discussion on how we do it 
• Problems and opportunities 
• Other? 


 


12:00  Adjourn 


  Boxed lunch provided 








A briefing for the WFPA 6/17/2021


Glenn Merritt
Department of Ecology, EAP
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Outline
 Origins of WHM – the methods backbone


 Goal/objectives


 Products
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Watershed Health Monitoring Origins


ESA 
CWA 305(b)


Comprehensive
Monitoring 


Strategy


Mandates State Strategy Guidance


Governor’s 
Monitoring Forum +


Stakeholder       
Workshops


Monitoring Plan


Pub#
06-03-203


Methods
Public Db
Reporting


Long-term monitoring


1970s 2002


S&T (extensive) design 
• not cause-effect 
• means of assessing condition


Major themes of CMS
• Need for habitat data
• Standard methods
• Data sharing


2004-2005 2006 2007-present
Sampling since 2009
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WHM Objectives


Goal: Estimate habitat status & trends, 
including salmonid limiting factors


Objectives


 Standard Methods


 Known Confidence


 Multi-scale


 Existing information


 Partnerships
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Master Sample – via GRTS


Hundreds of thousands 


Latest frame


• NHD 1:24k


• HUC Based – crosses borders


• 1/km – for multi-scale use
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Eight survey regions – now at 1/year
Based on guidance


• Forum 


• Workshops
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External entities can use at finer scale
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Iterative filtering to exclude points on…
 Federal, reservation lands, other states, Canada


 Marine, brackish, tidal waters


 Lentic waters*


 Channels with temporary or mostly subsurface flow*


 Constructed channels


 Points of each size class after 10 successfully sampled each*


 Property without granted permission.


*  Requires within season evaluations. 


Flow status is especially hard to pre-determine for small streams
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So far, we’ve filtered to hundreds. Next to 50


Equal across sizes
• 10  1st order
• 10 2nd order
• 10 3rd order
• 10 4th order
• 10 5th order/larger


Ensures that headwaters  
don’t dominate sampling


Sample results are NOT part of 
impairment lists. 11







 Size 1  (138 -> 68 high chance)*


 Size 2  (89 -> 43)


 Size 3 (43 -> 23)


 Size 4 (42 -> 21)


 Size 5 (23 ->  12)


* Smallest streams are most likely to 
be dry, impermanent, inaccessible.


Candidate sites 2021
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Question for landowners:


Would limiting our requests to the “high chance” dark points help?
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SOPs for waded streams


Procedure Publication Procedure Publication


Discharge (EAP109) 19-03-226 Vertebrate assemblage (EAP124) 18-03-228


Slope (EAP122) 19-03-218 Sediment chemistry (EAP110) 18-03-227


Compass bearings (EAP123) 19-03-217 Site verification & layout (EAP106) 18-03-226


Water sampling (EAP095) 19-03-216 Habitat units (EAP120) 18-03-225


Bank conditions (EAP112) 19-03-215 Riparian disturbance (EAP118) 18-03-224


LWD count (EAP 121) 19-03-214 Thalweg profile (EAP119) 18-03-223


Invertebrate sampling (EAP073) 19-03-211 Riparian vegetation (EAP117) 18-03-222


Periphyton sampling (EAP111) 19-03-207 Fish cover (EAP116) 18-03-221


In situ measures (EAP108) 19-03-206 Densiometer (EAP115) 18-03-220


GPS coordinates (EAP107) 18-03-230 Channel dimensions (EAP113) 18-03-219


Substrate & Embeddedness (EAP114) 18-03-229


https://ecology.wa.gov/Research-Data/Monitoring-assessment/River-stream-monitoring/Habitat-monitoring/Habitat-monitoring-methods
(scroll to bottom)
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The database and QA
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Reference condition monitoring
The Stream Biological Monitoring Program 


• 3 Ecoregions  (Wilmoth et al)


• About 40+ sites/year –
with some new


• WHM SOPs
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On-site effort
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Completed…
1) Puget Sound tributaries: Pub # 12-03-029
2)Least-impacted conditions: Pub # 15-03-011 
3) Risk analysis: Ecological Indicators, July 2019, 175-185
4)State of the Salmon  (2016, 2018, 2020,…): Statewide Habitat Quality
5)Certification of WHM data through 2019


https://tinyurl.com/WatershedHealthData


Coming…
1) Regional Focus Sheets
2)Short report on metric precision
3) 305(b) report will use #3 above to compare survey rounds.
4)Sentinel sites results


20







2020 SOS Report: Statewide Habitat*


* Graph is limited to regions with ESA listings
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Statewide example (with 95% confidence) 
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Habitat Metrics & Relative Risk 
Statewide – Round 1


Relative Extent


RR is the likelihood that 
Poor biological condition


and 
Poor habitat condition 
co-occur in streams. 


23







Attributable Risk


Factors 


• Relative Risk
• Extent  


Statewide – Round 1


Habitat metrics with high relative risk 
but low extent don’t rank high: see Lead
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Similar analyses per Status & Trends Region
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Climate-induced sediment 
movement?


Sentinel sites
The white flags on reference sites map
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Questions?


glenn.merritt@ecy.wa.gov
https://ecology.wa.gov/WatershedHealthMonitoring 
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Petitioned Species 


53 Species of Reptiles and Amphibians; list T/E w/ CH 


29 species of snails and slugs from Pacific Northwest; List T/E with CH 


Butterfly, island marble (Euchloe ausonides insulanus); list E w/ CH 


Bumble bee, Western (Bombus occidentalis); list T/E w/CH 


Candidate Species 


Scientific 
Name 


Common 
Name 


Where Listed Region   ESA 
Listing 
Status   


Group 


Danaus 
plexippus 


Monarch 
butterfly 


Wherever found 3 Candidate Insects 


 


Proposed Species 


Scientific 
Name 


Common Name Where 
Listed 


Region   ESA Listing 
Status   


Group 


Pinus 
albicaulis 


Whitebark pine Wherever 
found 


6 Proposed 
Threatened 


Conifers 
and Cycads 


Salvelinus 
malma 


Dolly Varden Wherever 
found 


1 Proposed 
Similarity of 
Appearance 
(Threatened) 


Fishes 


Gulo gulo 
luscus 


North American 
wolverine 


Wherever 
found 


6 Proposed 
Threatened 


Mammals 


 


Listed Species 


Scientific Name Common Name Where Listed Region   ESA Listing 
Status   


Group 


Ursus arctos 
horribilis 


Grizzly bear U.S.A., 
conterminous 
(lower 48) 
States, except 
where listed as 
an experimental 
population 


6 Threatened Mammals 


Odocoileus 
virginianus 
leucurus 


Columbian white-
tailed deer 


Columbia River 
DPS 


1 Threatened Mammals 







Canis lupus Gray wolf U.S.A.: All of AL, 
AR, CA, CO, CT, 
DE, FL, GA, IA, 
IN, IL, KS, KY, LA, 
MA, MD, ME, 
MI, MO, MS, NC, 
ND, NE, NH, NJ, 
NV, NY, OH, OK, 
PA, RI, SC, SD, 
TN, TX, VA, VT, 
WI, and WV; and 
portions of AZ, 
NM, OR, UT, and 
WA. Mexico. 


6 Endangered Mammals 


Lynx canadensis Canada Lynx Wherever Found 
in Contiguous 
U.S. 


6 Threatened Mammals 


Rangifer 
tarandus ssp. 
caribou 


Southern 
Mountain Caribou 
DPS 


Southern 
Mountain DPS 


1 Endangered Mammals 


Pterodroma 
sandwichensis 


Hawaiian petrel Wherever found 1 Endangered Birds 


Phoebastria 
(=Diomedea) 
albatrus 


Short-tailed 
albatross 


Wherever found 7 Endangered Birds 


Charadrius 
nivosus nivosus 


Western snowy 
plover 


Pacific Coast 
population DPS-
U.S.A. (CA, OR, 
WA), Mexico 
(within 50 miles 
of Pacific coast) 


8 Threatened Birds 


Strix occidentalis 
caurina 


Northern spotted 
owl 


Wherever found 1 Threatened Birds 


Brachyramphus 
marmoratus 


Marbled murrelet U.S.A. (CA, OR, 
WA) 


1 Threatened Birds 


Dermochelys 
coriacea 


Leatherback sea 
turtle 


Wherever found 4 Endangered Reptiles 


Salvelinus 
confluentus 


Bull Trout U.S.A., 
conterminous, 
lower 48 states 


1 Threatened Fishes 


Hackelia venusta Showy stickseed Wherever found 1 Endangered Flowering Plants 







Sidalcea oregana 
var. calva 


Wenatchee 
Mountains 
checkermallow 


Wherever found 1 Endangered Flowering Plants 


Silene spaldingii Spalding's 
Catchfly 


Wherever found 1 Threatened Flowering Plants 


Sidalcea 
nelsoniana 


Nelson's checker-
mallow 


Wherever found 1 Threatened Flowering Plants 


Arenaria 
paludicola 


Marsh Sandwort Wherever found 8 Endangered Flowering Plants 


Castilleja 
levisecta 


golden paintbrush Wherever found 1 Threatened Flowering Plants 


Spiranthes 
diluvialis 


Ute ladies'-tresses Wherever found 6 Threatened Flowering Plants 


Lupinus 
sulphureus ssp. 
kincaidii 


Kincaid's Lupine Wherever found 1 Threatened Flowering Plants 


Brachylagus 
idahoensis 


Columbia Basin 
Pygmy Rabbit 


Columbia Basin 
DPS 


1 Endangered Mammals 


Thomomys 
mazama glacialis 


Roy Prairie pocket 
gopher 


Wherever found 1 Threatened Mammals 


Rana pretiosa Oregon spotted 
frog 


Wherever found 1 Threatened Amphibians 


Eremophila 
alpestris strigata 


Streaked Horned 
lark 


Wherever found 1 Threatened Birds 


Physaria 
douglasii ssp. 
tuplashensis 


White Bluffs 
bladderpod 


Wherever found 1 Threatened Flowering Plants 


Euchloe 
ausonides 
insulanus 


Island marble 
Butterfly 


Wherever found 1 Endangered Insects 


Eriogonum 
codium 


Umtanum desert 
buckwheat 


Wherever found 1 Threatened Flowering Plants 


Coccyzus 
americanus 


Yellow-billed 
Cuckoo 


Western U.S. 
DPS 


2 Threatened Birds 


Euphydryas 
editha taylori 


Taylor's (=whulge) 
Checkerspot 


Wherever found 1 Endangered Insects 







Thomomys 
mazama 
pugetensis 


Olympia pocket 
gopher 


Wherever found 1 Threatened Mammals 


Thomomys 
mazama tumuli 


Tenino pocket 
gopher 


Wherever found 1 Threatened Mammals 


Thomomys 
mazama 
yelmensis 


Yelm pocket 
gopher 


Wherever found 1 Threatened Mammals 


 


 


Any species that could be petitioned for delisting?   








Proposed or Planned Department of Ecology Rulemaking 


Ecology is currently planning or proposing 31 rulemaking efforts; none associated with Carbon 
regulations are listed below, only those water quality related 


Outstanding Resource Waters 


WAC 173-201A-020 Definitions Associated with Outstanding Resources Waters 
(https://app.leg.wa.gov/WAC/default.aspx?cite=173-201A-020&pdf=true)  


WAC 173-201A-330 Tier III – Outstanding Resource Waters 
(https://app.leg.wa.gov/WAC/default.aspx?cite=173-201A-330&pdf=true)  


• CR-101: https://ecology.wa.gov/DOE/files/a5/a55ecbe7-8b5e-4acb-8a55-eb0cd893e250.pdf  
• Timeline: August 2022 – Winter 2023 


Water Quality Standards for Surface Waters - Natural Conditions Provisions 


WAC 173-201A-200 1(c) Aquatic Life Temperature & (d) Aquatic Life Dissolved Oxygen 
(file:///C:/Users/dhook/WA%20Forest%20Protection%20Assoc/WFPA%20File%20Share%20-
%20Staff%20Share/WFPA/FOREST%20POLICY/FOREST%20POLICY%20COMMITTEE/FPC%20Meetings/20
22/Materials/Dec%2015-16%202022%20Advance/WAC-173-201A-200_fresh%20waters.pdf) 


WAC 173-201A-260 (1) Natural Criteria and Other Water Quality Criteria and Applications 
(file:///C:/Users/dhook/WA%20Forest%20Protection%20Assoc/WFPA%20File%20Share%20-
%20Staff%20Share/WFPA/FOREST%20POLICY/FOREST%20POLICY%20COMMITTEE/FPC%20Meetings/20
22/Materials/Dec%2015-16%202022%20Advance/WAC%20173-201A-260_natural%20conditions.pdf)  


WAC 173-201A-310 (3) Tier 1 Protection and Maintenance of existing and designated uses 
(https://app.leg.wa.gov/WAC/default.aspx?cite=173-201A-310&pdf=true)  


• CR-101: https://ecology.wa.gov/DOE/files/d3/d3afd072-c255-4911-9526-a5a9ebce7f1a.pdf  
• Timeline: September 2022 – Fall 2024 


 


 



https://app.leg.wa.gov/WAC/default.aspx?cite=173-201A-020&pdf=true

https://app.leg.wa.gov/WAC/default.aspx?cite=173-201A-330&pdf=true

https://ecology.wa.gov/DOE/files/a5/a55ecbe7-8b5e-4acb-8a55-eb0cd893e250.pdf

https://app.leg.wa.gov/WAC/default.aspx?cite=173-201A-310&pdf=true

https://ecology.wa.gov/DOE/files/d3/d3afd072-c255-4911-9526-a5a9ebce7f1a.pdf






 


 


 


 


 


   


  


Management Implications from Pacific Northwest 
Intensively Monitored Watersheds 


  


Robert Bilbya, Amelia Johnsonb, John R. Foltzc, and Amy L. Pulsd 


a – Washington Governor’s Salmon Recovery Office (contractor), Olympia, WA 98504 


b – Lower Columbia Fish Recovery Board, Vancouver, WA 98682 


c – Snake River Salmon Recovery Board, Dayton, WA 99328 


d - U.S. Geological Survey, Cook, WA, 98605 


 


May 2022 


  


  







ii 


Suggested Citation 
Bilby, R., A. Johnson, J. R. Foltz, A. L. Puls. 2022. Management implications from Pacific Northwest intensively 
monitored watersheds. Pacific Northwest Aquatic Monitoring Partnership. 99 pages. 
https://www.pnamp.org/document/15207 


Disclaimer  
Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by 
the U.S. Government. 


Acknowledgments 
We would like to thank Washington Governor’s Salmon Recovery Office and Pacific States Marine Fisheries 
Commission for funding the work to produce this report, and the following people for participating in the 
workshops and providing the information that serves as the basis for this report:  


Name Affiliation Name  Affiliation 


Joseph Anderson Washington Department of Fish & Wildlife John Foltz Snake River Salmon Recovery Board 


Eli Asher Cowlitz Indian Tribe Sarah Gallagher California Department of Fish and Wildlife 


Jennifer Bayer US Geological Survey/PNAMP Matthew Goslin Oregon State University 


Eric Beamer Skagit River System Cooperative Correigh Greene National Oceanic and Atmospheric Administration 


Todd Bennett National Oceanic and Atmospheric Administration Anna Halligan Trout Unlimited 


Stephen Bennett Eco Logical Research Karrie Hanson National Oceanic and Atmospheric Administration 


Bob Bilby 
Washington Salmon Recovery Funding Board 
Monitoring Panel 


Mark Henderson US Geological Survey 


Pete Bisson 
Washington Salmon Recovery Funding Board 
Monitoring Panel 


Ian Jezorek US Geological Survey 


Kasey Bliesner Oregon Department of Fish and Wildlife Amelia Johnson Lower Columbia Fish Recovery Board 


Nick Bouwes Eco Logical Research Clayton Kinsel Washington Department of Fish & Wildlife 


Jeff Breckel Washington Salmon Recovery Funding Board Brian Knoth Idaho Department of Fish and Game 


Samuel Cimino US Geological Survey/PNAMP Kirk Krueger Washington Department of Fish & Wildlife 


Tim Copeland Idaho Department of Fish and Game James Lamperth Washington Department of Fish & Wildlife 


John Crandall Methow Restoration Council Mike LeMoine Skagit River System Cooperative 


Megan Dethloff US Geological Survey/PNAMP Marisa Litz Washington Department of Fish & Wildlife 


Marika Dobos Idaho Department of Fish and Game Erik Neatherlin Washington Governor's Salmon Recovery Office 


Keith Dublanica Washington Governor's Salmon Recovery Office George Pess National Oceanic and Atmospheric Administration 


William Ehinger Washington State Department of Ecology Stephen Phillips Pacific States Marine Fisheries Commission 


Melody Feden Oregon Department of Fish and Wildlife Amy Puls US Geological Survey/PNAMP 


Stacey Feeken-
Meyer 


Idaho Department of Fish and Game Timothy Quinn Washington Department of Fish & Wildlife 


Ken Fetcho Oregon Watershed Enhancement Board James Ruzycki Oregon Department of Fish and Wildlife 


  



https://www.pnamp.org/document/15207





iii 


Table of Contents 
List of Figures ............................................................................................................................................................. iii 


List of Tables .............................................................................................................................................................. iii 


Executive Summary ................................................................................................................................................... iv 


Introduction ................................................................................................................................................................1 


IMW Core Messages ...................................................................................................................................................7 


Habitat and Fish Response .....................................................................................................................................7 


Management and Coordination of Restoration Implementation ....................................................................... 12 


Current Research Priorities and Future Opportunities ....................................................................................... 15 


Recommended Management and Policy Actions ................................................................................................... 17 


Advancing This Effort and Parting Thoughts ........................................................................................................... 19 


References and Other Literature ............................................................................................................................. 21 


List of Acronyms and Abbreviations for Appendices............................................................................................... 27 


Appendix 1 - IMW Snapshots .................................................................................................................................. 27 


Appendix 2 – Questionnaire and Responses ........................................................................................................... 41 


 


List of Figures 
Figure 1. Location of the IMWs that participated in the development of this report ............................................... 3 


 


List of Tables 
ES Table 1. Summary of habitat and fish responses to restoration at the 13 IMWs included in this report…………vii 


Table 1. The six different types of stakeholders that could incorporate management outcomes from the IMW 


studies into their own programs and projects. ..........................................................................................................2 


Table 2. Restoration treatments assessed, target species and life stages, and fish response to date for individual 


IMWs. .........................................................................................................................................................................4 


 


 


  







iv 


Executive Summary 
Many salmon and steelhead populations in the Pacific Northwest have been assigned protection under the U.S. 
Endangered Species Act over the last 30 years. A considerable investment in the restoration of freshwater and 
estuarine habitat has been made to address this problem. However, there is a desire to provide better 
quantification and evidence that these restoration efforts lead to improvements in watershed processes, habitat 
conditions, and therefore salmon and steelhead viability. This information gap led to the establishment of 
Intensively Monitored Watersheds (IMWs) in the early 2000s. An IMW is an 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. The IMW approach is considered an effective experimental design for 
evaluating watershed-scale salmon and steelhead responses to habitat restoration. 


This report compiles general results to date from 13 IMWs across the Pacific Northwest and provides an initial 
indication of the management implications of these studies. The IMWs included in this report are evaluating a 
wide range of restoration actions; all but one IMW has implemented two or more different treatment types. The 
most common treatment types evaluated by the IMWs are large wood addition, riparian restoration, and barrier 
removal. Fish species included in the IMW evaluations include steelhead, Chinook and Coho salmon, Bull Trout, 
and Pacific Lamprey. Eleven of the IMWs indicated they are targeting more than one anadromous species.  


This synthesis of IMW results is in no way intended to imply that these studies have completed data collection 
and analysis. All IMWs have applied treatment types and are engaged in post-treatment monitoring; however, 
only two IMWs have completed their assessment of habitat and fish response to restoration. 


Core Messages 


This synthesis project identified a set of 26 core messages that reflect collective findings across the IMWs. The 
core messages are grouped into three categories: Habitat and Fish Responses, Management and Coordination of 
Restoration Implementation, and Current Research Priorities and Future Opportunities. These messages can be 
used to help identify future research opportunities and be used to improve the effectiveness of habitat 
restoration and salmon recovery programs.  


The 12 core messages for the Habitat and Fish Responses category indicate that many of the implemented 
restoration methods improve aquatic habitat and elicit a positive fish response. Habitat responses to treatments 
reported by the IMWs indicate that 75% showed a positive response, 2% a negative response, and 23% no 
change (ES Table 1). Fish responses reported by the IMWs included 53% identifying a positive response, 3% a 
negative response, and 44% no change (ES Table 1). Several treatment types such as removal of fish passage 
impediments like dams and culverts, were consistently associated with increased access to habitat and a 
positive fish response across IMWs. This result is consistent with previous studies done at reach or project 
scales. Similarly, enhancing fish access to floodplain or tidal delta habitat by removing barriers or encouraging 
beaver colonization increased abundance and growth of salmon and steelhead at most IMWs where this 
treatment type was evaluated. Preliminary results are less clear though for habitat and fish responses to large 
wood placement: some IMWs noted positive responses while others have yet to observe a response. The need 
to better understand how large wood restoration may support achieving watershed and population-scale goals 
is recommended given how common this treatment type is in restoration programs.  


Positive fish responses were most commonly observed for smolt and juvenile life stages along with changes in 
distribution and life history diversity (ES Table 1). There were few IMWs that reported an increase in abundance 
of returning adult fish. Many IMWs noted that poor marine survival and factors impacting fish outside the area 
where habitat treatments were applied, such as harvest, hydropower, and hatchery programs, all could limit the 
capacity of adult fish to respond to improvements in freshwater and estuarine habitat conditions. One or more 
of these external factors affected fish at every IMW. The fact that some salmon populations are impacted by 
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factors other than habitat conditions does not imply that habitat restoration is not beneficial; high-quality 
freshwater and estuarine habitat can support population resiliency by enhancing fish capacity to persist in the 
face of climate change or severe disturbance events (e.g., major floods, wildfire). Identifying the full suite of 
factors affecting salmon and steelhead should occur at project establishment and specific intervals following 
implementation. This process is essential for restoration and recovery programs to establish realistic 
expectations of fish response to habitat improvements. 


Seven core messages related to management and coordination of restoration implementation are identified in 
this synthesis. These are based on collective challenges related to developing, implementing, and monitoring 
treatment types in the IMWs. These core messages highlight the importance of adaptive management processes 
with clear and measurable progress indicators, coordination across stakeholders, and information sharing to 
support application of IMW results. Adaptive management processes are lacking in some IMWs but are an 
essential tool for translating findings into management actions that can be incorporated into restoration 
strategies and projects. The importance of building and maintaining community support was also highlighted as 
essential to implementing restoration strategies that have the greatest opportunity to benefit fish. Coordination 
beyond the local community is also key in many cases, as broader stakeholder groups may be able to influence 
factors other than habitat that also limit salmon and steelhead.  


This synthesis of IMW results is intended to provide a preliminary indication of the management-relevant 
information generated by the IMWs. It became clear during this synthesis process that further monitoring is 
necessary to fully evaluate habitat and fish response to treatment types. To address this knowledge gap, seven 
Current Research Priorities and Future Opportunities core messages are identified in this report. These core 
messages build on preliminary results and the wealth of data and information from the IMWs and may help 
habitat restoration and salmon recovery programs better adapt over time to changing conditions and threats, as 
well as better understand expectations of habitat and fish response. For instance, there is still uncertainty in 
how habitat restoration may influence marine survival or provide a resiliency buffer to climate change or out-of-
basin impacts from harvest, hydropower facilities, and other management programs. IMWs are well situated to 
help answer these types of questions because of their long-term datasets, wide range of targeted species, 
spatially diverse locations, and existing monitoring community and infrastructure support.  


Recommended Actions 


To facilitate the incorporation of IMW findings into restoration program planning and implementation, the core 
messages were used to identify management and policy recommendations. Ten actions are identified in the 
Recommended Management and Policy Actions section of this report: 


1. Build restoration plans and strategies at watershed scales and within a context of all potential impacts 
to salmon and steelhead viability. 


2. Prioritize restoration methods based on aspects of restoration technique effectiveness like cost and 
certainty of success. 


3. Implement restoration actions at continuous, landscape scales. 
4. Prioritize and support the development of formal adaptive management processes across recovery and 


restoration programs. 
5. Regularly communicate among IMW monitoring and restoration leads and local stakeholders to refine 


habitat restoration programs based on study results and facilitate adaptive management. 
6. Support and implement natural resource programs at watershed and salmon- and steelhead-species 


scales. 
7. Provide stable, long-term support for fish and habitat monitoring. 
8. Consider converting some of the IMWs to long-term research sites.  
9. Provide support for restoration planning and permitting to accelerate implementation timeframes. 
10. Communicate with stakeholders about their expectations of habitat restoration. 
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These recommended actions are intended to support decisions concerning salmon conservation by recovery 
program managers, watershed restoration program managers, and habitat project practitioners to provide 
guidance and support program effectiveness. These recommendations reflect the importance of upfront and 
broad coordination to build, maintain, and adaptively manage watershed and population-scale restoration 
and monitoring programs.  


IMWs remain one of the most promising tools to improve understanding of watershed-scale fish and 
habitat responses to habitat restoration actions. IMWs also provide opportunities to better understand 
other aspects of salmon ecology and watershed processes: multiple studies identified a diversity of life 
history strategies through the intensive, life-cycle monitoring that IMWs rely on, and monitoring activities 
have also captured climate change events, like drought and fires, that restoration programs must account 
for moving forward. This report illustrates the value of the information being produced by IMWs and 
highlights the need for improved methods for incorporating future IMW findings into the processes for 
selecting restoration projects.  


How to Read This Report 


There are 26 core messages in the report. Each core message includes supporting IMW examples and were 
discussed and reviewed with IMW monitoring program leads. The core messages inform the 10 
recommended actions in the Recommended Management and Policy Actions section; this section can also 
be reviewed independently and most directly benefits the policy and management communities by 
providing specific suggestions on implementation considerations. The References and Other Literature 
section includes relevant literature to provide additional context and information for IMW roles in salmon 
recovery. To better understand how each individual IMW fits into the collective report messages, Appendix 
1 contains summary tables with study design, results, and additional resources details and links for each 
IMW. Appendix 2 includes supporting information that informed the workshops and core message 
development with the participating IMW representatives.   
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ES Table 1: Summary of habitat and fish responses to restoration at the 13 IMWs included in this report. Percentages 
(in parentheses) reflect the proportion of IMWs in which a response was measured. Not all IMWs measured all habitat 
and fish responses. The composite response metric is the average of the response measures that showed positive 
response, negative response, or no change after restoration. Positive and negative changes do not necessarily 
represent statistically significant changes. In many cases this summary table is based upon incomplete data and data 
collection and analysis are still ongoing. 


Habitat Response  Positive Negative No Change 


Riparian quality or quantity 7 (88%) 0 (0%) 1 (13%) 


Channel or channel units quality or quantity 11 (92%) 0 (0%) 1 (8%) 


Floodplain or estuarine lateral connectivity 10 (100%) 0 (0%) 0 (0%) 


Longitudinal connectivity 10 (91%) 0 (0%) 1 (9%) 


Habitat complexity 9 (75%) 0 (0%) 3 (25%) 


Sediment quality 7 (70%) 2 (20%) 1 (10%) 


Sinuosity 5 (83%) 0 (0%) 1 (17%) 


Stream width:depth 6 (100%) 0 (0%) 0 (0%) 


Temperature improvements 4 (33%) 0 (0%) 8 (66%) 


Flow improvements 4 (44%) 0 (0%) 5 (55%) 


Water quality improvements 2 (40%) 0 (0%) 3 (60%) 


Primary and/or secondary production improvements 3 (100%) 0 (0%) 0 (0%) 


Composite Habitat Response Metric 75% 2% 23% 


Fish Response    


Marine survival 0 (0%) 0 (0%) 4 (100%) 


Adult abundance 2 (22%) 1 (11%) 6 (67%) 


Redd numbers 2 (25%) 0 (0%) 6 (75%) 


Smolt production 8 (67%) 0 (0%) 4 (33%) 


Juvenile abundance 7 (70%) 0 (0%) 3 (30%) 


Juvenile density  5 (56%) 0 (0%) 4 (44%) 


Juvenile survival 7 (64%) 0 (0%) 4 (36%) 


Juvenile growth or size 3 (27%) 1 (9%) 7 (64%) 


Juvenile residence time 4 (67%) 1 (17%) 1 (17%) 


Life history diversity 5 (83%) 0 (0%) 1 (17%) 


Fish distribution 7 (88%) 0 (0%) 1 (13%) 


Composite Fish Response Metric 53% 3% 44% 
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Introduction 


Many salmon populations in the Pacific Northwest have been assigned protection under the U.S. Endangered 
Species Act over the last 30 years (NWFSC 2015). In response, many efforts have been initiated across the region 
to recover these populations. Various factors contributed to the decline in naturally spawning salmon. Impacts 
associated with fish harvest, hatcheries, hydropower, and freshwater habitat have received the greatest degree 
of attention (NRC 1996, NWFSC 2015). In some cases, these impacts have occurred for more than 150 years, 
leading to significant changes in watershed functions and the location, timing, and opportunity for salmon to 
spawn, rear, and migrate (Stouder et al. 1997). Salmon and steelhead are also impacted by temporal shifts in 
ocean productivity (Welch et al. 2020), and climate change is affecting both freshwater and marine habitat 
conditions (Mantua et al. 2009). Improved understanding of the impact of each of these factors on salmon and 
steelhead at different life stages is required to successfully address the full set of factors constraining salmon 
and steelhead productivity. Achieving this level of understanding requires monitoring and adaptive management 
programs that are integrated across all the factors impacting the fish.  


A significant proportion of the resources spent on salmon and steelhead recovery have focused on restoration of 
freshwater and estuarine habitat (Katz et al. 2007). Hundreds of millions of dollars have been dedicated to 
habitat restoration over the last three decades (NMFS 2014), but there is limited evidence of the contribution 
these efforts have made toward salmon recovery (Cram et al. 2018, GSRO 2020). This information gap led to the 
establishment of Intensively Monitored Watersheds (IMWs) in the early 2000s (Bilby et al. 2005). An intensively 
monitored watershed is an 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. The basic premise of 
the IMW study design is to concentrate restoration treatments and monitoring resources at a watershed scale to 
maximize the ability to detect fish and habitat responses, if they occur. The IMW approach is still considered an 
effective experimental design for evaluating watershed-scale salmon and steelhead responses to habitat 
restoration (Bennett et al. 2016).  


The intent of this project is to provide to the broader salmon recovery and habitat restoration community an 
initial indication of the management implications of the IMW results to date and to suggest how this 
information might be applied in their own programs. This project is not a technical evaluation of IMW 
monitoring programs nor an assessment of the effectiveness of IMW study designs. The target audience for this 
report includes salmon conservation and recovery managers, policy specialists, habitat restoration practitioners, 
and monitoring specialists (Table 1). IMW research teams regularly report results from their studies (e.g., 
Anderson et al. 2019), and there have been several reviews of IMW results (Roni et al. 2015; Bennett et al. 2016; 
Roni et al. 2018). However, there have been few attempts to synthesize results across IMW studies in the region 
for the purpose of identifying opportunities to improve the effectiveness of restoration programs.  


Thirteen IMWs participated in the development of this report (Figure 1). The participating IMWs extend across 
much of the United States Pacific Northwest from northern California to the Canadian border and from the 
Pacific Coast inland to Idaho. The IMWs evaluate a wide range of restoration treatments but the most common 
treatments include wood addition, riparian restoration, and barrier removal (Table 2). Most IMWs evaluated 
multiple treatment types, averaging five different types across the participating studies. Anadromous species 
being monitored include steelhead, Chinook Salmon, Coho Salmon, and Pacific Lamprey. Several of the IMWs 
are also evaluating the response of resident trout to restoration treatments. A wide range of fish population 
metrics are measured and responses to treatments vary among IMWs (Table 2).  







2 


Table 1. The six different types of stakeholders that could incorporate management outcomes from the IMW studies into 
their own programs and projects.  


Stakeholder Role 


Salmon Recovery 
Program Managers 


Develop and implement strategies to support recovery and conservation of salmon and 
steelhead. Program success is based on achieving viability goals and, in some cases, reducing 
and managing impacts to salmon and steelhead across their life cycles: habitat, harvest, 
hatcheries, ocean and climate conditions, and hydropower systems.  


Habitat Restoration 
Program Managers 


Develop and implement habitat restoration and conservation plans and strategies to improve 
and protect watershed conditions. Programs support achieving salmon recovery and 
conservation goals.  


Monitoring Specialists Lead habitat and fish data collection, analysis, and assessment efforts. In the case of 
Intensively Monitored Watershed programs, implement long-term fish and habitat monitoring 
at watershed and population-scales.  


Habitat Designers and 
Sponsors 


Implement habitat restoration and conservation strategies by working with landowners, 
community members, and salmon recovery program managers to identify, design, and 
construct restoration and conservation projects.  


Landowners and Land 
Managers 


Local stakeholders that monitoring, habitat and salmon program managers collaborate with to 
implement recovery and restoration actions. Restoration projects cannot be implemented 
without landowner support and approval.  


Program Funders, Policy 
Makers, and Elected 
Officials 


Support the programs that fund and regulate salmon recovery and habitat restoration work. 
Essential partners to communicate priorities and results for long-term program 
implementation.  
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      Figure 1. Location of the 13 IMWs that participated in the development of this report. 
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Table 2. Target species and life stages, treatment types assessed, and habitat and fish responses to date for individual IMWs. For species life stages, J=juvenile, A=adult. 
Habitat and fish responses represent a simplification of results intended to convey generalities. Individual IMWs have their own study designs and data collection and 
analyses methods that inform the results included in this table; more details on scope, assessment methodologies, and results can be found in Appendix 1 snapshots 
and in individual IMW report documents. In the table, green ↑ indicates increases to date, red ↓ indicates decreases to date, blue ↔ indicates no change to date, 
NEY indicates not evaluated yet, and blank cells indicates not reported. For metrics marked NEY, the results are in some cases forthcoming but in others are contingent 
on additional funding. Increases and decreases do not necessarily represent statistically significant changes. In many cases this summary table is based upon 
incomplete data and data collection and analysis is still ongoing. 
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Targeted Species               


Steelhead 12 J, A J, A J, A J, A J, A J, A J, A J, A J, A J, A  J, A J, A 


Chinook Salmon 8 J, A  J, A  J, A J, A J, A J, A   J, A  J, A 


Coho Salmon 7   J, A J, A  J, A J, A   J, A  J, A J, A 


Cutthroat Trout 4   J, A J J, A       J  


Bull Trout 3 J, A  J, A  J, A         


Pacific Lamprey 2 J, A  J, A           


Treatment Types                            


Large wood or engineered log jam 
for instream complexity 


11 X  X X X X X X X X  X X 


Large wood or engineered log jam 
for lateral connectivity 


11 X  X X X X X X X X  X X 


Riparian restoration or protection 11 X  X X X X X X X  X X X 


Longitudinal reconnection (e.g., dam 
removal, culvert replacement) 


10   X X X X X X X  X X X 


Beaver dam analogs 7 X X  X X  X X X     


Lateral reconnection (e.g., removal 
of dikes, levees) 


7   X X X  X X X  X   


Road abandonment 6    X  X  X X   X X 


Boulders 4     X  X X    X  


Flow augmentation 3     X   X X     


Hatchery augmentation 2   X    X       


Nutrient addition 2      X       X 


Fish protection screens 2   X     X      
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Habitat Response a                             


Riparian quality or quantity 7 NEY ↑ ↑ NEY ↑ NEY ↑ ↑ ↔  ↑ NEY ↑ 


Channel or channel units quality or 
quantity 


11 ↑ ↑ NEY ↑ ↑ ↑ ↑ ↑ ↔ ↑ ↑ ↑ ↑ 


Floodplain or estuarine lateral 
connectivity 


10 ↑ ↑ ↑ ↑ ↑ ↑ ↑    ↑ ↑ ↑ 


Longitudinal connectivity 10  ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑  ↑ ↔ ↑ 


Habitat complexity 9 ↑ ↑ NEY ↔ ↑ ↔ ↑ ↑ ↔ ↑ ↑ ↑ ↑ 


Sediment quality 7 ↑ ↑ ↑ ↔ ↑ ↓ NEY ↓   ↑ ↑ ↑ 


Sinuosity 5 ↑ ↑ ↑ NEY ↑ NEY NEY ↔    NEY ↑ 


Stream width:depth 6   NEY ↑ ↑ ↑ NEY ↑    ↑ ↑ 


Temperature improvements 4 ↔ ↑ ↑ ↔ ↔ ↔ ↔ NEY ↔ ↔ ↑ ↔ ↑ 


Flow improvements 4 ↑ ↑ ↔ ↔ ↑ ↔ ↑ NEY ↔   ↔  


Water quality improvements 2 ↔  ↑ NEY ↔ NEY NEY  ↔  ↑ NEY  


Primary and/or secondary 
production improvements 


3   ↑ NEY NEY NEY NEY ↑    NEY ↑ 


Fish Response b               


Marine survival 0 NEY  NEY ↔  NEY    NEY ↔ ↔ ↔ 


Adult abundance 2 NEY  ↑ ↔ ↔ ↔ ↔ ↔ ↓ NEY NEY ↔ ↑ 


Redd numbers 2   ↑ ↔ ↔ ↔ ↔ ↔  NEY NEY ↔ ↑ 


Smolt production 8 ↑ ↑ ↑ ↑ ↑ ↑ NEY ↔ ↔ ↔ ↑ ↔ ↑ 


Juvenile abundance 7 ↑ ↑ ↑ ↔ ↑ ↑ ↑ ↔  ↔ ↑  NEY 


Juvenile density  5 ↑ ↑ NEY ↔ ↔ ↓d  ↔ ↔  ↓d ↑  


Juvenile survival 7 ↔ ↑ ↑ ↔ ↑ ↑ ↑ ↔ ↑ ↔ NEY ↑ NEY 


Juvenile growth or size 3 ↔ ↓ NEY ↔ NEY ↑ ↑ ↔ ↑ ↔ ↔ ↔ ↔ 


Juvenile residence time 4 ↑↓  NEY ↔ ↑ NEY NEY NEY ↑  ↑ NEY  


Life history diversity 5 NEY  ↑ ↔ ↑ NEY NEY NEY ↑ NEY ↑ ↑ NEY 


Fish distribution 7 NEY  ↑ ↑ ↔ ↑ ↑ ↑ ↑   ↑  
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Table 2 Footnotes 


 
a Examples for Habitat Response categories:  


Riparian quality or quantity: improvement in riparian, floodplain, or estuarine wetland condition, buffer width, riparian composition, non-native plant reduction, 
increase in large wood inputs, etc. 
Channel or channel units quality or quantity: improvement in channels or channel unit types (e.g., pools, blind channels), increase in length, area, depth, number, 
areal extent, wetted extent, etc. 
Floodplain or estuarine lateral connectivity: increase in the duration of floodplain or side channel inundation or reconnection, reducing stream power and redd scour, 
decreasing incision, etc. 
Longitudinal connectivity: addressing upstream or downstream fish passage in some form, increasing longitudinal access in channel network 
Habitat complexity: increasing the heterogeneity of habitat types in freshwater and/or tidal systems, increasing river complexity index value, increased marsh area per 
channel length, etc.  
Sediment quality: restoration of sedimentation processes, improved sediment sorting, improving spawning substrate, reducing fine sediment, etc. 
Sinuosity: linear length to stream length ratio, reducing stream power, etc. 
Stream width:depth: improvements toward site specific objectives of width to depth ratio 
Temperature improvements: improved temporal or spatial thermal heterogeneity, decrease in maximum summer temperatures, etc. 
Flow improvements: increased low flow, decreased peak flow, decreased stream flashiness, etc. 
Water quality improvements:  an improvement in any water quality parameter, outside of temperature, identified as a site-specific objective 


Primary and/or secondary production improvements: various measurements of biomass, macroinvertebrate or plankton biomass or composition  
 
b Examples for Fish Response categories:  


Marine survival: measure of out-of-basin survival, typically smolt to adult return ratio 
Adult abundance: adult return estimates or escapement values  
Redd numbers: count or estimate of redds 
Smolt production: the number of smolts produced in the study area or per unit area 
Juvenile abundance: total number of juveniles in the study area or for a defined area 
Juvenile density: the number of juveniles per unit area 
Juvenile survival: measure of freshwater production (e.g., egg to smolt) or seasonal survival (% survival from summer to fall) 
Juvenile growth or size: growth rates by age class and season, size at out-migration 
Juvenile residence time: date of out-migration, age at out-migration 
Life history diversity: an increase or change in life history that could benefit the population 
Fish distribution: percent of available habitat occupied, changes in relative density by location within distribution (for either juveniles or adults) 


 
c The three western Washington IMW complexes comprise a cooperative study with a shared design and staff and some analyses that incorporate data from all 10 


watersheds. See snapshots in Appendix 1 for individual IMW details. 


 
d In these cases, decreased density or crowding of juvenile fish was the desired response and is considered a positive fish response. 
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Our synthesis effort included four primary steps: 


1. A questionnaire was sent to the Pacific Northwest Aquatic Monitoring Partnership (PNAMP) IMW 
Working Group, consisting of volunteer representatives from Pacific Northwest IMWs, asking for 
treatment types, habitat and fish population responses, and management and policy learnings. Thirteen 
of the 16 IMWs that received the questionnaire were able to provide responses. 


2. A series of three workshops were held in November and December 2021 to discuss collective results 
from the questionnaire and to develop collective “core messages.”  


3. Some additional information was obtained from annual reports produced and shared after the final 
workshop and incorporated into the report. 


4. Publication of this report detailing the collective core messages and recommending management and 
policy actions for applying IMW results.  


The core messages identify findings common among IMWs and indicate possible alterations in restoration 
strategy that could improve program effectiveness and efficiency. This synthesis reflects commonalities in the 
group experience to date and is subject to change as we learn more. The core messages are presented in three 
categories: Habitat and Fish Responses, Management and Coordination, and Current Research Priorities and 
Future Opportunities. Within each of the categories, the core messages are organized to first present items 
related to establishing restoration program priorities, then progress to items more specific to individual project 
selection, siting, and design. The final section of the report provides a list of recommended management and 
policy actions that would facilitate the application of the IMW results.  


The core messages are intended to provide preliminary management recommendations and are in no way 
intended to imply that the IMWs have completed data collection and analysis. Only two of the 13 participating 
IMWs indicated they have completed data collection efforts. In fact, it is abundantly clear from the information 
collected through this process that further evaluation of system response to the application of restoration 
treatments can improve our understanding of how to effectively develop and implement restoration strategies.  


IMW Core Messages 


Habitat and Fish Response 
IMW findings to date indicate that many of the implemented restoration methods can improve aquatic habitat 
and elicit a positive fish response. However, the degree and type of habitat and fish response to restoration 
treatments varied among IMWs, as detailed below. Several factors are likely responsible for the diversity in 
system responses. IMWs vary in attributes like land use, vegetation, topography, and other factors that can 
influence habitat and fish response to restoration treatment. IMWs also evaluated different combinations of 
treatment types. An additional complicating factor is that fish responses to habitat restoration in many IMWs 
are impacted by out-of-basin factors, including ocean productivity effects on marine survival, fishing, and 
mortality associated with dams. Nonetheless, IMWs do provide evidence that some of the actions being 
implemented to improve freshwater and estuarine habitat conditions can result in positive fish and habitat 
responses. The IMW results also identify some areas where our understanding of the linkages between 
restoration action, habitat modification, and fish response is incomplete.  


All IMWs measured habitat and fish responses to the application of restoration treatments. However, the 
habitat features and the fish population metrics that were measured varied among IMWs (Table 2). Fish metrics 
tracked by the IMWs were especially diverse. Most IMWs measured one or more indicators of fish abundance, 
such as spawner abundance, parr density, or smolt production. Some IMWs also measured more detailed 
demographic elements including life-stage-specific survival and production (i.e., the rate of change in total 
population biomass). Some IMWs also tracked changes in life history diversity, such as migration timing. All of 
these elements are important components of fish response to the application of treatments and are directly 
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relevant to the four Viable Salmonid Population (VSP) parameters (abundance, productivity, spatial structure, 
diversity) that are used by the National Oceanic and Atmospheric Administration to track progress toward 
species recovery. For simplicity in the core messages, a desired fish response to habitat treatment is generically 
referred to as a “positive fish response.” For details about specific fish responses please refer to Table 2. 


The core messages in this section are presented starting with items related to restoration program design and 
then providing more specific messages focused on fish and habitat responses to types of restoration projects. 
The order of the core messages does not reflect their degree of relevance to the development of restoration 
strategies.  


1. Identifying primary factors limiting fish production and survival is critical to the design of an effective 
restoration program. If restoration does not address the factors constraining fish production, a 
biological response is unlikely to occur. IMWs have demonstrated that accurate identification of 
limiting factors can be difficult. Limiting factors are not static, and their relative impacts vary over space 
and time. A comprehensive assessment of factors limiting fish production can greatly improve the 
effectiveness of restoration programs. Reassessing these factors periodically, through a monitoring 
program, can help ensure restoration actions are focused on the factors constraining fish production 
and improve the likelihood of achieving desired fish responses. Some IMWs have altered their 
restoration design based on a more thorough evaluation of limiting factors. Examples of IMWs where 
additional factors controlling fish production were identified during the study include:  


a. Warm water temperature apparently limited steelhead and spring Chinook Salmon in the 
Middle Fork John Day IMW, preventing a population level fish response to restoration actions.      


b. Lack of a significant response in Coho Salmon smolt production at the Hood Canal IMW after 
wood treatments may be related low numbers of spawning fish in the watershed.  


2. Accounting for factors that may influence population responses outside of the target watershed is 
critically important for setting realistic expectations for a biological response. Several IMW studies noted 
external factors that are likely limiting fish responses to restoration, including: 


a. Relatively poor habitat conditions in the mainstem Columbia River, notably mortality associated 
with the hydropower system, and variable ocean conditions likely reduced fish responses to 
restoration in all IMWs above the Columbia and Snake River dams.  


b. Variable ocean conditions and high harvest levels may limit the number of spawning fish, as 
noted in the Hood Canal and Lower Columbia IMWs.  


c. A combination of harvest restrictions and hatchery fish supplementation, in addition to dam 
removal, likely supported strong Chinook Salmon, Coho Salmon, and steelhead responses to 
dam removal in the Elwha River IMW. 


3. The time required for a monitoring program to evaluate effectiveness of restoration treatments is 
influenced by the pace of restoration project implementation and the extended period required for full 
expression of habitat and fish responses. Habitat changes expected from restoration actions have 
different response times, ranging from less than a year to decades. Fish population responses can require 
even longer timeframes because full biological responses cannot occur until habitat changes are fully 
expressed and fish complete several generations. In cases where extreme disturbance events affect 
restoration progress (e.g., extreme flood event at the Strait of Juan de Fuca IMW), fish responses can take 
even longer to detect. Expected response time for restoration actions should be considered when 
developing monitoring plans to ensure that resources are available to fully evaluate restoration treatment 
effects.  


4. Habitat restoration can enhance life history diversity of targeted salmon and steelhead populations. 
Increased life history diversity of salmon and steelhead populations enhances population resilience and 
can contribute to overall productivity.  
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a. Steelhead life history diversity expanded in the Elwha River IMW because of barrier removal. 
Notably, summer steelhead reappeared in the system.  


b. The Potlatch River IMW documented a shift in steelhead emigrant life history in one of the study 
watersheds toward older, larger emigrants with an associated positive shift in survival to Lower 
Granite Dam. The extent to which this change is associated with habitat restoration is being 
evaluated. 


c. Expanding delta habitat for migrating Chinook Salmon fry at the Skagit River Estuary IMW 
increased growth rates, residence time in the delta, and, apparently, smolt-to-adult survival 
rates. 


5. The IMWs provided a more complete understanding of migratory behavior of juvenile salmon. This 
information can be valuable in the development of restoration strategies that directly address survival 
bottlenecks. A variety of juvenile salmon and steelhead migration behaviors were observed in the IMWs. 
The high degree of movement exhibited by these fish emphasizes the need for restoration programs with 
a watershed-scale perspective. IMW examples of juvenile migratory patterns, and the habitat actions 
these behaviors might suggest, include: 


a. Chinook Salmon fry emigration to the Skagit River delta indicated that increasing estuarine 
habitat could generate a positive fish response. 


b. Fall Coho Salmon parr emigration at the Strait of Juan de Fuca and Lower Columbia IMWs 
suggests that increasing availability of winter habitat could be an effective restoration strategy. 


c. Large numbers of Coho Salmon fry emigrants seen at several of the IMWs suggests that 
expanding habitat suitable for fry could be an effective restoration technique. 


d. Juvenile steelhead migration from tributaries to mainstem river habitat (and continued rearing 
before smolting) has been documented in the Asotin Creek, Potlatch River, and Wind River 
IMWs, suggesting that restoration plans need to incorporate elements to enhance both 
tributary and mainstem habitat. 


e. In the Asotin Creek IMW, scale analysis and PIT tag monitoring identified as many as 25 
steelhead life history strategies, differing in timing of movements and duration of residency in 
various freshwater, estuary, and ocean habitats. Resident steelhead that produce anadromous 
offspring have been found to be an important mechanism for maintaining population levels, 
especially when adult escapement of steelhead is low.  


f. Migration of juvenile Chinook Salmon from warmer mainstem habitat into cooler tributaries 
during summer periods was documented in the Middle Fork John Day IMW, suggesting 
restoration actions targeting connectivity at tributary confluences could be beneficial. 


6. IMW results support previous work that suggest that restoration efforts should be prioritized following 
the general strategy of “protect, reconnect, and then restore.” The strength of the habitat and fish 
responses to treatments may be, partially, a product of initial watershed condition. Locations where 
watershed processes are relatively intact appear to have a higher probability of generating a more rapid 
fish response to habitat treatments (e.g., Asotin Creek, Elwha River). Watershed scale habitat restoration 
requires a suite of complementary, stepwise actions to address limiting factors. Multiple treatments that 
enhance and build on each other are likely necessary, along with time and patience.  


a. Focusing initial restoration actions on locations close to relatively intact habitat and gradually 
working into more degraded reaches is an effective strategy. If connectivity in downstream 
reaches limits access to areas of higher quality habitat, restoring connectivity should be a 
priority. The Asotin Creek, Elwha River, Lemhi River, and Hood Canal IMWs are examples of this 
approach and all generated positive fish responses.  


b. Reconnection of isolated habitat, which is in relatively good condition, consistently generates a 
rapid, positive fish response. 
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7. Removing longitudinal barriers resulted in dramatic and immediate fish and habitat responses across 
multiple IMWs. The removal of fish passage impediments, such as dams and culverts, improved habitat 
conditions and resulted in positive changes in fish response at all IMWs where this treatment type was 
evaluated. Fish responses observed included increased juvenile and adult abundance, expanded 
distribution of juvenile and adult fish, and increased life history diversity. These responses indicate 
longitudinal barrier removal can both increase salmon abundance and enhance population resilience. 
Examples of this include: 


a. Dam removal in the Elwha River IMW resulted in increased distribution and adult abundance of 
steelhead, juvenile abundance of Chinook Salmon, as well as the reappearance of a summer-run 
steelhead life history. 


b. Reconnecting tributaries in the Lemhi River watershed increased distribution of Chinook 
Salmon, steelhead, and Bull Trout, and improved juvenile salmon survival.  


c. Improving passage through the lower Potlatch River watershed by modification of existing 
structures resulted in increased steelhead spawning distribution. 


d. Coho Salmon spawning distribution increased one year after a bedrock stream channel limiting 
fish passage was addressed at the Lower Columbia IMW. 


e. Removal of a culvert at the Hood Canal IMW led to an increase in Coho Salmon smolt 
production. 


f. Aquatic organism passage projects and the removal of the single log weirs in tributaries of the 
Middle Fork John Day IMW expanded Chinook Salmon parr distribution. 


8. Removing lateral barriers also resulted in positive fish and habitat responses at several IMWs. Fish have 
consistently demonstrated that they will colonize new habitat as soon as it is available. The removal of 
levees and other floodplain and tidal habitat barriers was found to result in greater abundance and 
diversity of salmon and steelhead. Examples of this include:  


a. Removal of levees that were restricting access to tidal channels reduced competition, increased 
residence time, and increased growth of emigrating Chinook Salmon fry in the Skagit River 
Estuary IMW. 


b. Floodplain reconnection promoted through the use of Beaver Dam Analogs, and subsequent 
increase in beaver activity, was associated with a strong, positive response by juvenile steelhead 
(see following core message). 


c. One exception to positive fish response to floodplain reconnection was reported at the Hood 
Canal IMW.  Initial results indicate that floodplain reconnection through levee removal and 
increased beaver activity has not led to an immediate increase in Coho Salmon smolt 
production, but these results are preliminary (only three years after restoration).  


9. A strong, positive response from juvenile steelhead to floodplain reconnection caused by increased 
beaver activity and encouraged by the use of Beaver Dam Analogs (BDAs), was observed at Bridge Creek 
IMW. BDAs are effective at increasing pool habitat and reconnecting floodplains. Although the impact of 
beaver activity on habitat and fish was monitored primarily at the Bridge Creek IMW, evaluation of recent 
treatments at the Asotin Creek, Lemhi River, and Hood Canal IMWs are ongoing and may provide 
additional information on the efficacy of this restoration approach. Some key considerations regarding the 
use of BDAs include: 


a. BDAs can mimic beaver dams and promote benefits of beaver, such as providing deep water and 
side-channel habitat as well as support greater floodplain inundation, habitat complexity, water 
storage, flood attenuation, increases in riparian extent and health, temperature refugia via 
groundwater pathways and summer and winter temperature heterogeneity. 


b. Habitat changes initiated by BDAs can be sustained in the long term by beavers, and BDAs 
should be considered part of beaver reintroduction programs. 


c. Stream size, gradient, and sediment movement should be considered when siting BDA projects. 
Modeling of beaver dam capacity, and including beavers as part of stream restoration, indicate 
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that beavers and dam building appear to take place across a wide range of stream types, 
gradients, and elevations. 


10. Estuary habitat reconnection at the Skagit River Estuary IMW generated some of the strongest 
biological responses across the IMW studies. Results from this study include: 


a. Levee removal increased availability of delta habitat for juvenile Chinook Salmon fry, leading to 
reduced competition, increased residence time, and increased growth.  


b. There is some evidence that improved estuarine rearing conditions are causing a positive trend 
in smolt-to-adult survival rates, which could ultimately translate into increased adult abundance. 


c. Benefits observed from the reconnection of tidal habitat also may be achieved by reconnecting 
floodplain habitats in freshwater systems with limited floodplain access (Bridge Creek IMW). 


11. Wood placement can have beneficial effects on habitat and fish, but some IMWs have not yet observed 
a response to wood treatments. Wood is typically added to streams to enhance aquatic habitat by 
providing cover and influencing hydraulics and sediment dynamics. Wood additions can result in changes 
to stream channel morphology and habitat features like increased quantity and depth of pools and 
reduced width-to-depth ratios. Evaluating habitat and fish responses to this treatment type was 
complicated by the fact that wood addition was often only one of several restoration actions implemented 
in IMWs (Table 1) and sometimes was only one of several actions taken within a single stream reach. As a 
result, fish and habitat responses at the watershed scale are a product of a suite of restoration actions, 
making it difficult to isolate responses to the wood treatments. However, wood placement is the most 
common treatment applied at the IMWs and is a very common restoration action across the Pacific 
Northwest. Therefore, the variable habitat and fish responses to large wood treatments among the IMWs 
indicates a need to better understand how to best utilize this restoration technique.  


a. Some IMWs reported positive habitat changes in response to wood addition (e.g., Asotin Creek 
IMW), but not all. A detailed analysis of habitat response to treatments across three western 
Washington IMWs (Lower Columbia, Hood Canal, and Strait of Juan de Fuca IMWs) concluded 
that trends in large wood and other habitat metrics ranged from positive to none to negative, 
even in stream reaches with substantial restoration. Several possible explanations for the 
unexpected results are: 


i. Habitat quality continues to decline, possibly a legacy of past land use actions. For 
example, numerous projections of wood input suggest that the buffers on streams, 
required since the 1980s, will not begin to make significant contributions of wood for 
several more decades. Therefore, channel complexity continues to decline in most 
systems. This decline in habitat quality is occurring more rapidly than habitat 
improvement from restoration, making it difficult to detect a habitat response to the 
treatments.  


ii. There is a high degree of natural, temporal variability in habitat condition. Ranges of 
habitat metric values among years often exceeded estimated effects attributable to 
restoration, making detection of a habitat response difficult. This dynamic nature of 
regional watersheds necessitates long periods of monitoring to detect impacts from 
restoration efforts.  


iii. Wood added was undersized for the stream power and sometimes placed in transport 
reaches. As a result, much of the added large wood moved in high flow events and failed 
to have the anticipated effect on habitat condition. This result emphasizes the 
importance of proper siting and design of wood structures to maximize the likelihood of 
having the desired habitat effect.  


b. Fish response to treatments also varied among IMWs. 
i. IMWs with modest, positive improvements in fish response after wood placement 


included the Asotin Creek, Strait of Juan de Fuca, and Lower Columbia IMWs.  
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ii. Little or no fish response was observed following wood additions at Pudding Creek, 
Hood Canal, Methow River, and Middle Fork John Day IMWs. A life-cycle model for 
steelhead in the Middle Fork John Day IMW demonstrated that wood additions would 
be unlikely to elicit a fish response unless paired with reductions in summer water 
temperatures.  


12. Many restoration treatments seek to restore natural river processes. However, some level of ongoing 
maintenance, adjustment, and enhancement are likely required before conditions are suitable for 
natural processes to maintain high-quality habitat. Support for project maintenance should be 
considered when a restoration project is initially implemented, as should the likelihood of maintenance 
needs, given the project location and site conditions. Climate change may affect the ability to achieve 
process-based habitat goals, and this possibility should be acknowledged in project design and 
maintenance expectations.  


a. Project performance needs to be assessed periodically; aquatic ecosystems are dynamic and 
restoration treatments may need to be modified to adapt to changing conditions.  


b. Large wood and riparian restoration efforts often require maintenance or enhancement to 
ensure the desired habitat response is achieved (e.g., addition of more wood, enhancement of 
existing structures, or construction of new structures to promote more positive habitat 
changes). Upkeep of projects may be required for a period to help re-establish self-sustaining 
processes, (i.e., mimic, promote, and sustain wood accumulation and habitat complexity 
benefits). Maintenance of both wood added to the channel and riparian treatments may be 
needed to achieve project objectives.  


Management and Coordination of Restoration Implementation 
IMWs identified a variety of challenges related to project management, public and private landowner 
relationships, agency permitting, and other issues that complicated study implementation. The IMW scientists 
consistently identified several issues that should be considered in the design of future monitoring programs. 
Some of these core messages are also directly applicable to the design and execution of habitat restoration 
programs. Note that literature identified in the References and Other Literature section expands and provides 
detail on several of the core messages identified below. 


Many IMWs reported consistent issues with treatment application and the translation of project results into 
management recommendations. Assumptions made in initial project design about the feasibility of applying 
restoration treatments within a narrow time window often proved to be overly optimistic. Applying treatments 
over an extended time period was often inconsistent with the original experimental design and complicated 
evaluation of treatment effects. Translation of study results into concrete management recommendations was 
hindered by the lack of a formalized adaptive management process at most IMWs. Development of a clearly 
defined process for the application of IMW results to restoration program strategies and habitat project design 
will greatly enhance the value of the IMW studies to managers.  


Evaluation of fish response to habitat treatments was compromised at nearly all the IMWs by out-of-watershed 
and non-habitat influences on fish populations. These factors, which were beyond the control of the project 
scientists, may have limited the capacity for fish populations to respond to habitat restoration treatments. 
Ocean conditions, fish harvest, hatchery, and hydropower impacts on migrating fish were identified as being 
factors that could limit the response of the fish to modifications of freshwater and estuarine habitat conditions. 
Climate change is likely masking the benefits of habitat treatments to targeted fish. Considering these factors in 
setting reasonable expectations for fish responses to restoration would improve scientific understanding 
because most of these factors are not under the control of habitat restoration programs. The fact that some 
salmon populations are impacted by factors other than habitat conditions does not imply that habitat 
restoration is not beneficial; high-quality freshwater and estuarine habitat can support population resiliency by 
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enhancing fish capacity to persist in the face of climate change or severe disturbance events (e.g., major floods, 
wildfire).  


1. Adaptive management requires a defined process for extracting management-relevant principles 
emerging from IMWs or other monitoring programs, translating those findings into management 
actions, and communicating this information to restoration practitioners in a timely manner. Some, 
but not all, IMWs have formal adaptive management plans. Restoration strategies are most effective 
when adaptive management frameworks are developed with clear and measurable progress 
indicators and resources are sufficient to support regular monitoring and assessment. Multiple IMWs 
indicated that the lack of an explicit adaptive management process was at least partly due to funding 
limitations. Resources earmarked for developing and maintaining adaptive management processes 
and community outreach activities are necessary to convey IMW results and build and maintain 
stakeholder support.  


a. Developing and implementing adaptive management plans for each IMW would expedite the 
translation of IMW results into on-the-ground management decisions and actions. Adaptive 
management plans require the clear articulation of specific target metrics in restoration and 
monitoring plans, and defined actions when target metrics are achieved.  


b. A greater emphasis on developing and communicating the management-relevant information 
being generated by IMWs would greatly enhance their value. This type of outreach has occurred 
to some extent through IMW presentations, handouts, previous synthesis efforts, and presented 
in symposia and workshops. However, a more consistent and aggressive communications effort, 
and more robust data exchange among IMWs, would improve future synthesis and application 
efforts.  


2. Establishing a program to centralize storage of monitoring data and results should enhance the 
effectiveness of adaptive management programs. Data management is an ongoing challenge 
identified by multiple IMWs. Dedicated data storage and analysis could help address this issue and 
accelerate the communication of IMW results. A centralized system would provide the technical 
foundation for a region-wide adaptive management program that generates periodic updates of 
monitoring results and recommended management actions based on the findings.  


3. Coordination with entities beyond local landowners and habitat restoration community is necessary 
to achieve desired population responses to habitat restoration. Multiple IMWs noted that out-of-
basin threats and impacts of climate change and other factors likely limited positive fish responses to 
habitat improvements. Better communication and coordination would be useful in understanding the 
role of habitat improvements relative to other factors (e.g., hydropower, fisheries, hatcheries, 
predation) in determining fish population responses.  


a. Collaboration with tribes, agencies, and other stakeholders that influence factors other than 
habitat is a key step in salmon and steelhead recovery and conservation: freshwater habitat 
conditions are unlikely to be the only limiting factor to salmon and steelhead. Understanding all 
life cycle impacts is key to evaluating drivers of fish population status and trends.  


b. Freshwater habitat restoration can lead to increases in juvenile productivity, but adult returns 
may not increase until other factors are addressed.  


c. Positive fish responses in the Elwha River IMW may be, in part, due to the multi-pronged 
approach of restoration. Harvest limitations, natural fish recolonization, and hatchery fish 
supplementation were combined with the expanded availability of freshwater habitat to 
accelerate fish response. This approach illustrates the benefit of addressing multiple limiting 
factors in a coordinated manner. Genetic analysis showed that the return of the summer 
steelhead run was independent of the hatchery fish supplementation program, but the 
abundance of other populations in the watershed were influenced by supplementation.  
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4. Restoration program implementation and monitoring would be more efficient and effective if 
consistent, stable funding sources were available to support long-term and large-scale restoration 
strategies. Current funding is often highly competitive and limited, leading to inconsistent and 
piecemeal implementation of restoration. Communicating with program funders on the need for more 
planning support to work with landowners and permitting agencies on restoration strategies would 
help enable the development of more effective, long-term restoration and monitoring programs. 
Support for planning and project coordination would be especially helpful in watersheds with multiple 
landowners and multiple restoration organizations where project support can come from a variety of 
sources.  


5. IMWs have developed the monitoring infrastructure, scientific partnerships, and landowner 
relationships that enable the intensive monitoring required to evaluate fish response to restoration 
treatments. The IMW concept remains one of the only experimental designs available to evaluate 
watershed-scale fish response to habitat restoration. As a comprehensive understanding of fish 
response to various types of restoration actions is key for adaptively improving the effectiveness of 
restoration programs, continuation of data collection at IMW sites will be valuable. These studies are 
key for assessing new restoration methods, or how past restoration projects function under new 
conditions.  


a. Quantifying the cumulative benefits of multiple restoration actions can only be captured by 
long-term, comprehensive monitoring efforts. IMWs provide the data required to conduct this 
type of analysis.  


b. IMWs are an important component of adaptive management processes because their time 
series data are critical for refining restoration and management strategies. 


6. Supportive landowners, land managers, funding partners, and local community members are critical 
to ensuring that restoration actions can be implemented at locations most likely to benefit fish. 
Salmon recovery and habitat restoration programs rely on diverse stakeholder groups and funding 
resources to accomplish their goals. Building community support has been shown to be an important 
part of restoration planning, and when adequately supported can improve outcomes. It takes a great 
deal of effort to build the relationships required to accomplish restoration program goals. One 
important and recurring message from the IMW synthesis effort was the importance of collaboration 
among program funders, monitoring specialists, designers, landowners, and managers. IMW studies 
illustrate the complexity of working in these highly collaborative environments when conducting long-
term monitoring, designing, and constructing restoration projects, and adaptively managing programs. 
Experiences from IMWs provide some insights on effective landowner interactions.  


a. Successful project development and implementation are highly dependent upon strong, long-
term, working relationships with landowners and land managers. Time, effort, and thoughtful 
care given to developing relationships can improve project success.  Community and town-hall 
meetings were a critical part of the strategy to increase beaver activity in the Bridge Creek IMW, 
where community members were not initially in support of this effort. Another good example of 
effective community engagement is provided by the Skagit River Estuary IMW. The Skagit 
Watershed Council, the primary organization leading restoration efforts in the IMW, has 
developed strong working relationships with landowners and local governments. 


b. Communicate consistently and ensure messaging is tailored to the audience and presented in an 
appealing format. Demonstration projects can be a valuable communications tool. Coordination 
of communication efforts with other entities doing restoration or monitoring is necessary to 
ensure messages to the public are consistent. 


c. Helping landowners and stakeholders understand restoration principles and project objectives 
has been shown to generate support. A current watershed assessment and illustrations of the 
potential benefits of habitat restoration are effective communication tools.  
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d. Working on public lands or acquiring private property where local support exists may enable the 
application of large-scale restoration strategies and streamline restoration and monitoring 
efforts. Elements of this approach were utilized at the Middle Fork John Day and Methow River 
IMWs. 


e. Once landowners and community members are engaged in a restoration program, they may 
become restoration advocates and encourage additional landowner participation in the 
restoration effort.  


f. It is important that landowners and the local community understand the long-term commitment 
that restoration design, implementation, monitoring, and adaptive management require. 
Outreach to landowners and funders during restoration program development can help ensure 
timelines are understood. Coordinated engagement among restoration practitioners may help 
prevent landowner fatigue from constant and varied restoration contacts. 


7. Although IMWs are widely distributed across the Pacific Northwest, careful consideration of the 
specific conditions at the study sites will be required to reliably extend results to other watersheds.  


a. By understanding the mechanisms of habitat and fish responses in IMWs, we should be able to 
apply these results to other watersheds; however, there isn’t a good framework for 
extrapolation. 


b. The IMWs have relatively good regional representation, including numerous sites in both coastal 
areas and east of the Cascade Range.  


c. None of the freshwater IMWs included in this compilation of results were in the western 
Cascade Range. There would be increased certainty in applying IMW results to watersheds in 
this region if an IMW watershed had been located there.  


d. Land use activities in the IMW watersheds were primarily forestry, agriculture, and low-density 
residential development. The results obtained from the IMWs will likely require careful review 
and adaptation before they can be applied to watersheds where urban land use predominates. 


e. Extension of results of other geographies could be facilitated by classification of 
hydrogeomorphology. 


Current Research Priorities and Future Opportunities 
Through the conversations and discussion of this project and the development of this report, several newer 
questions and opportunities were identified. The following are current research priorities and future 
opportunities, and in some situations, IMWs are uniquely positioned to help answer. 


Monitoring at 11 of the 13 IMWs is incomplete and meaningful additional information can be generated by 
completing planned evaluation efforts. Some consideration should be given to providing long-term support for 
some of the current IMWs for evaluation of new restoration strategies and protocols. Having these sites 
available will greatly reduce the time and expense required to answer these questions. The IMWs also provide a 
mechanism for tracking the impacts of a changing climate on aquatic habitat and fish populations. And the 
IMWs can help provide a realistic perspective on the time required for ecosystem processes supporting fish 
populations to be restored. Land use impacts on watersheds and estuaries have been ongoing for over 150 
years, and re-establishment of fully functioning systems may require considerably more time than was 
envisioned when restoration programs were established several decades ago. One possibility is to convert some 
of the existing IMWs into long-term research sites, like those managed by the Long-Term Ecological Research 
Network.  


1. Continued monitoring of system responses to treatments are required to fully characterize fish and 
habitat responses at most of the IMWs. At many IMWs, habitat and fish population responses may not 
yet be fully expressed. Lack of responses is due in some cases to extended restoration treatment 
timelines and the complexity of detecting a fish response, especially considering out-of-watershed 
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effects on populations. Power analyses were conducted by several of the IMWs to estimate length of 
time required to determine if a fish response occurred. This type of analysis can help identify monitoring 
timeframes for individual IMWs, although implementation schedules, environmental conditions, or new 
study questions may require expanding the monitoring timeline.  


2. Develop a better understanding of the degree to which improved spawning and rearing habitat 
influence marine survival and adult returns. Evaluation of the extent to which improved habitat 
conditions contribute to achieving recovery goals remains a key question for restoration programs. The 
Skagit River Estuary IMW has found some indication that estuary restoration appears to enhance smolt-
to-adult survival of Chinook Salmon, and there are early indications of increased adult abundance. This 
observation suggests habitat restoration can positively affect adult abundance. However, many 
questions about the extent to which habitat restoration can contribute to increases in adult salmon and 
steelhead abundance remain.  


a. Can improvements in freshwater habitat and productivity provide survival benefits in 
downstream habitats, including the ocean?   


b. To what extent can improved freshwater and estuarine habitat conditions help offset negative 
effects from out-of-basin factors, such as fish harvest, dam mortality, and poor ocean 
conditions?  


3. Further assess if habitat restoration increases resiliency of salmon and steelhead to climate change 
impacts. IMW provide an opportunity to assess the extent to which different restoration strategies 
contribute to resilience of freshwater and estuarine ecosystems when impacted by extreme high and 
low flow conditions, fires, or other disturbances. This understanding could aid in the development of 
restoration strategies and designs to address climate change impacts.  


a. An improved understanding of the effect of habitat condition on life history diversity and 
survival rates could help identify limiting factors likely to be worsened by climate change and aid 
in the development of more effective restoration approaches. 


4. Identify the factors responsible for the variable fish response to wood addition treatments. There was 
variation in both habitat response and fish response to large wood treatments among IMWs. Additional 
monitoring at the IMWs evaluating response to wood addition should help identify some of the factors 
responsible for the variation in response. Some hypotheses about the variation in response were raised 
during the workshops and merit additional attention. These hypotheses included: 


a. Not enough wood was added or not enough of the watershed was treated. Therefore, the 
added wood did not have a sufficient effect on habitat condition during the study period to 
cause a fish response (e.g., Pudding Creek). 


b. The added wood was transported out of the treatment or monitoring site(s) so it could not be 
assessed. 


c. A longer evaluation period is required to detect fish response. Large wood changes habitat 
conditions following channel-forming flow events. This is especially true with large wood 
treatments designed to interact with and reconnect floodplain habitats. Lack of fish responses 
to wood placement at some IMWs may be due, in part, to the lack of a channel-forming flow 
after treatment. 


d. Wood loading was not a primary factor limiting fish production.  


5. Assess how restoration techniques could provide benefits for native salmon and steelhead to reduce 
impacts of predation and competition. Native salmon and steelhead are impacted by native and non-
native species through competition for resources and by predation. The severity of these impacts is an 
area of increased interest. Can impacts of predation and competition be reduced by habitat restoration? 
None of the existing IMWs are examining this question but there may be an opportunity to collect 
information at some IMWs to enhance our understanding of this issue.  







17 


6. Determine the relative value of floodplain connectivity in supporting freshwater rearing of salmon 
and steelhead. More research on how restoration actions may reconnect floodplain habitat and support 
positive fish responses would improve understanding of the benefits of this restoration strategy.  


a. Reconnection of floodplain habitat at Bridge Creek IMW generated a very positive fish response. 
However, preliminary results of a large floodplain reconnection project at the Hood Canal IMW 
indicate no fish response. What are the characteristics of floodplain reconnection projects that 
yield positive fish responses?  


7. Quantify the ecosystem benefits of freshwater and tidal habitat restoration. Some IMW results 
indicate that habitat restoration provides ecosystem benefits, including buffering against climate change 
impacts, thermal regulation, improved riparian habitat and increased wildlife habitat capacity. Habitat 
restoration also supports ecosystem resiliency to fire and other disturbance events. Only a few of the 
IMWs are monitoring system responses beyond aquatic habitat and fish, but inclusion of a few 
additional parameters at some of the IMWs may help better characterize the full range of ecological 
benefits associated with habitat restoration.  
a. Habitat changes include climate change amelioration for low flow and water temperature, 


floodplain water storage and groundwater recharge, flood attenuation, and sediment dynamics 
(Pudding Creek, Lemhi River, and Bridge Creek IMWs). 


b. These habitat changes are associated with biological changes including increased number of 
clutches per year for American Dipper in the Elwha River watershed following the increase in marine 
derived nutrients from salmon runs, and the potential increase in spawning success of reintroduced 
Pacific Lamprey in the Asotin Creek IMW.  


Recommended Management and Policy Actions 
In this section, the core messages are used to identify a set of management and policy recommendations to 
facilitate the incorporation of IMW findings into restoration program planning and implementation. The 
recommendations are intended to support decisions by salmon conservation and recovery program managers, 
watershed restoration program managers, and habitat project practitioners and are intended to provide 
guidance on improving the effectiveness of their respective programs. These actions build on existing work and 
published literature in many cases and emphasize the need for continued investments and coordination at 
watershed and species scales.  


1. Build restoration plans and strategies at watershed scales and within a context of all potential impacts 
to salmon and steelhead viability. Identifying the role of habitat improvements relative to other factors 
is critical in understanding fish population responses to management changes. Although freshwater and 
tidal habitat degradation are key impacts to salmon and steelhead, multiple factors may limit or prevent 
viability of improvements even when habitat restoration occurs. Effective restoration strategies would 
fully consider how these in- and out-of-basin impacts, like hatchery production, harvest programs, 
hydropower systems, ocean conditions, and climate change, may all reduce survival, distribution, 
productivity, and life history diversity of salmon and steelhead. Effective habitat restoration programs 
would clearly identify the full suite of habitat factors limiting fish production and understand their role 
relative of other impacts to establish realistic expectation for benefits from habitat restoration. Gains in 
fish survival, productivity, distribution, and diversity could be realized through improved habitat; 
however, fish response to improved habitat can also be muted or masked by other impacts. IMWs 
demonstrate that salmon and steelhead utilize multiple habitats across watersheds for rearing and 
spawning. Therefore, progress toward recovery goals for salmon and steelhead will often require 
developing strategies that encompass the full range of habitat being used by the fish. The following 
questions help focus resources when developing a restoration program: 
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a. Can in and out-of-basin impacts be coordinated to maximize, and not undermine, restoration 
benefits? 


b. Can habitat be restored and protected at watershed scales? 
c. Can restoration support from riverbank and floodplain landowners and the adjacent community 


be achieved? 
d. Is there a process to collect data and information necessary to support adaptive management of 


restoration strategies? 


2. Prioritize restoration methods based on aspects of restoration technique effectiveness like cost and 
certainty of success. When selecting restoration approaches, carefully consider cost and certainty of 
success in light of desired fish and habitat outcomes and climate change. The established general 
strategy of protect, reconnect, and restore continues to hold true. Habitat reconnection actions like 
removing longitudinal (e.g., stream corridors upstream of undersized culverts) and latitudinal (e.g., 
disconnected floodplain and wetland habitats behind levees) fish passage barriers consistently lead to 
positive fish and habitat gains even though there may be considerable planning and coordination effort 
required. Consider prioritizing low cost, effective restoration approaches like hand placed post assisted 
log structures, beaver reintroduction, and beaver dam analog construction where watershed conditions 
support these types of actions. Large wood continues to be an integral part of restoration, but the 
habitat factors limiting fish production must be understood and large wood treatments must be 
deployed in a manner that addresses fish survival constraints. Maintenance needs should be accounted 
for in budgets and project timelines, as treatments often shift and degrade in shorter time periods than 
watershed process improvements occur. Periodic reassessment of limiting factors and revisiting 
restoration priorities throughout strategy implementation can aid in ensuring the most effective habitat 
restoration actions are being implemented.  


3. Implement restoration actions at continuous, landscape scales. Watershed scale habitat restoration 
likely includes a suite of complementary and stepwise actions to address limiting factors. Multiple 
treatments that enhance and build on each other are usually necessary, along with time and patience, 
to restore natural riverine and habitat forming processes. Actions should be scaled to river processes 
and consider aspects like stream size and geomorphology. 


4. Prioritize and support the development of formal adaptive management processes across recovery 
and restoration programs. Adaptive management is often poorly supported despite being essential for 
translating monitoring results to management and policy actions. Restoration strategies are most 
effective when adaptive management frameworks are developed with clear and measurable progress 
indicators, and resources are sufficient to support regular monitoring and assessment. However, 
progress indicators are often poorly defined and actions to be taken if benchmarks are not achieved are 
rarely specified. 


5. Regularly communicate among IMW monitoring and restoration leads and local stakeholders to refine 
habitat restoration programs based on study results and facilitate adaptive management. Strong 
coordination between monitoring and restoration efforts is essential for a successful IMW study. IMWs 
are led by ecological monitoring and analysis experts, who are great resources for discussing how their 
latest findings may be applied to restoration programs. While many IMW monitoring leads regularly 
present at conferences and meetings, more discussion-oriented forums are needed to improve the 
exchange of information between restoration and monitoring practitioners. This goal could be 
accomplished by establishing regularly scheduled, science-to-policy forums to ensure efficient 
incorporation of new science findings and general “lessons learned” into policy and planning efforts. 
These forums could help build connections between monitoring results and management actions and 
identify new questions and opportunities.  
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6. Support and implement natural resource programs at watershed and salmon and steelhead species 
scales. IMW studies have clearly identified that salmon and steelhead rely on multiple life history 
approaches, and that changes in habitat quality and quantity in certain parts of a watershed may target 
specific life histories, like fry and parr migrants to lower mainstem and tidal areas. If habitat availability 
is not considered at all life history scales, opportunities to improve salmon and steelhead viability are 
limited.  


7. Provide stable, long-term support for fish and habitat monitoring. Monitoring is the foundation of any 
adaptive management program. Regular assessment of factors limiting fish production and modification 
of restoration priorities accordingly is necessary to support more effective restoration programs and 
improve the likelihood of achieving desired fish outcomes. Ensuring that the information required to 
adaptively improve restoration program effectiveness is available will require an ongoing investment in 
monitoring. Monitoring support must be sufficient to quantify fish and ecosystem response and is most 
effective when conducted in coordination with salmon and watershed managers to identify 
recommended actions from monitoring results. Monitoring of all impacts (e.g., hatcheries, harvest, 
hydropower, habitat) to the best of our abilities will ensure an optimal scientific understanding of life 
cycle bottlenecks and the role of habitat relative to other impact types. 


8. Consider converting some of the IMWs to long-term research sites. IMWs remain a useful tool for 
evaluating watershed-scale fish response to habitat restoration. IMWs have evaluated some of the 
restoration approaches in the region, but not all. Restoration approaches, along with scope and scale, 
are likely to evolve over time, and new approaches may be developed. There may be considerable value 
providing long-term support to retaining at least some IMWs or IMW components to assess emerging 
restoration options and to develop a long-term habitat and fish database that can help quantify the 
effects of climate change and other evolving impacts.  


9. Provide support for restoration planning and permitting to accelerate implementation timeframes. 
Restoration actions are often delayed due to limited capacity for upfront landowner and community 
engagement coordination, permitting and consultation processes, and the need to continually apply for 
small-scale grants to complete large-scale projects. Reducing and removing some of these common 
delays will support more effective restoration and monitoring programs.  


10. Communicate with stakeholders about their expectations of habitat restoration. Regularly discuss 
long-term program expectations with monitoring and management stakeholders. Identifying indicators 
of success, what factors may impact achieving these, and timeframes for achieving success should be 
clearly articulated to all stakeholders and updated as necessary. Time and patience are necessary when 
implementing habitat restoration at watershed scales, which is likely what is necessary in many areas 
given the legacy of historical habitat loss. Fish responses are measured across multiple cohorts and 
cannot be expected until habitat changes have occurred and non-habitat survival bottlenecks are 
addressed. If non-habitat bottlenecks are understood but cannot be fully addressed, fish response to 
habitat actions will be limited. Habitat restoration programs also have the potential to support 
ecosystem goals other than fish production, such as water quality, stream flow, wildlife, and green space 
needs. These broad benefits are important components when communicating program benefits to 
stakeholders.  


Advancing This Effort and Parting Thoughts  
There is a great deal to be learned from the IMWs now and in the future. The state of science for habitat 
restoration has evolved from relatively small site scale efforts with limited or no monitoring to larger scale 
process-based efforts that work to address identified limiting factors (Beechie et al. 2010, Booth et al. 2016). 
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Modern restoration actions are attempting to restore the full riverscape, channel, floodplain, and estuary, 
where possible. IMWs still remain one of the most promising tools to provide an understanding of population 
and watershed-scale fish and habitat responses to habitat restoration actions (Bennett et al. 2016). However, 
there are still significant data gaps that exist both in and outside of the IMWs (Roni et al. 2018). The workshops 
and report effort show the need for continued and ongoing information sharing and dialogue as IMWs continue 
with their studies.  


This synthesis effort highlighted the value in discussing IMW data and results with principal investigators, 
restoration practitioners, and policy and management staff and how results might be applied. It is important to 
recognize that this effort compiled core messages at a summary level rather than an individual IMW level – a 
similar effort should be considered that is focused on individual IMWs to develop IMW-specific, detailed core 
messages and management applications. Additionally, this effort was limited to IMW informed core messages: 
workshop discussions identified additional sources of information that collectively could be used to improve 
restoration program effectiveness. It may be useful to support a broader synthesis effort that includes IMW 
results as well as results from other monitoring programs and information from the scientific literature to 
identify additional opportunities to enhance restoration program effectiveness and efficiency.  


In general, IMWs have shown the value of, and the need for, close coordination of habitat restoration planning, 
outreach, funding, project implementation, and monitoring. They have also highlighted the importance of 
understanding site specific conditions and correctly identifying habitat limiting factors and ecological concerns 
and applying this understanding to address survival bottlenecks. IMWs have also indicated the need for patience 
in evaluating restoration programs. System response to restoration treatments is not fully expressed until 
habitat has responded to the treatment, often a function of the hydrograph, and the fish have responded to the 
altered habitat, which may require multiple generations.  


The IMWs have demonstrated that many of the restoration treatment types being applied in the region have a 
positive effect on habitat and fish. However, the IMW results also identify some areas where the understanding 
of the linkages between restoration action, habitat modification, and fish response is incomplete. The lack of fish 
and habitat responses to some IMW treatments appears to be due to inaccurate identification of factors 
controlling fish production or an inability to address those factors because they were out of basin. In some 
cases, restoration scope and scale may have been too limited to elicit a response. In some cases, monitoring 
protocols or challenges in implementing the monitoring could also be a factor. Coordination of management 
programs and establishment of formal adaptive management processes across the various impacts to fish and 
habitat would help make recovery efforts more effective. Improving the technical rigor of processes used to 
identify limiting factors will not only support more effective salmon and steelhead recovery programs, but also 
enable the establishment of realistic expectations about the contribution freshwater and estuarine habitat 
restoration can make to salmon recovery.  
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List of Acronyms and Abbreviations for Appendices 
BA Before-After study design 


BACI Before-After Control-Impact study design 


BDA Beaver dam analog 


CHaMP Columbia Habitat Monitoring Program 


CI Control-Impact study design 


CRITFC Columbia River Inter-Tribal Fish Commission  


CTWS Confederated Tribes of the Warm Springs Reservation of Oregon  


ELJ Engineered log jam 


ESA Endangered Species Act 


GRTS Generalized random tessellation stratified sample 


IMW Intensively monitored watershed 


km Kilometer 


LC IMW Lower Columbia Intensively Monitored Watershed 


LW or LWD Large wood or large woody debris 


MFIMW Middle Fork John Day Intensively Monitored Watershed 


NFJDWC North Fork John Day Watershed Council 


NOAA National Oceanic and Atmospheric Administration 


ODFW Oregon Department of Fish and Wildlife  


OWEB Oregon Watershed Enhancement Board 


PALS Post-assisted log structures  


PIT Passive integrated transponder  


PNAMP Pacific Northwest Aquatic Monitoring Partnership 


SRFB Salmon Recovery Funding Board 


 


Appendix 1 - IMW Snapshots 
Information in the following snapshots came directly from the IMWs and may contain varying levels of details. In 
many cases the snapshots contain preliminary results as data collection and analysis are still ongoing. 
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Asotin Creek IMW 
Location Washington 
Study Tributaries Charley, North Fork Asotin and South Fork Asotin creeks  


Monitoring and 
Treatment Years 


Pre-treatment monitoring: 2008-2012 
Treatment: 2012-2014, 2016 
Post-treatment monitoring: 2012-2025 


Status Treatments complete in 2016. Monitoring ongoing through 2025. 


Focal Species 
Snake River summer steelhead (note this is functionally a wild population; hatchery 
fish are removed at mouth and no supplementation); also designated as a wild 
steelhead refuge by WDFW 


Limiting factors 
Lack of pool habitat and cover for fish, lack of spawning habitat, lack of floodplain 
connectivity with limited refugia during high flows, and reduced large woody debris 
(LWD). 


Restoration Plan 
Staircase design with LWD treatments in 2012 (South Fork), 2013 (Charley Creek), 
2014 (North Fork), and 2016 (South Fork). 


Monitoring 
Experimental Design 


Each creek has one treatment and two control reaches each of which is 4 km long. 


Restoration Treatment 
High density LWD placement (majority of the wood is placed by hand to minimize 
the disturbance to recovering riparian; cost of implementation order of magnitude 
lower than heavy machinery)  


Magnitude of 
Treatment 


39% of study area, 654 structures (4.7 structures/100 m stream length) 


Pre-treatment Data 
Stream temperature, discharge, geomorphic diversity, erosion rate, deposition rate, 
substrate composition, percent pool habitat, and net rate of energy intake 


Physical Results to Date 
Significant increases in frequency of LWD (150-1,000%), log jams (100-800%), pools 
(20-60%), bars (50-250%), overall geomorphic complexity  


Biological Results to 
Date 


Significant increases in juvenile steelhead density (15- 450%), no change in growth 
or survival, significant increases in production (40-50%), and significant increases in 
smolt productivity (25-75%).  


Top 3 Management 
Implications 


1. Developed and implemented a cost effective, low impact approach to adding 
large woody debris to streams to improve riverscape health 
2. Demonstrated that high densities of large wood are effective at retaining wood in 
the system, promoting natural log jams, increasing geomorphic complexity, and 
improving fish habitat 
3. Changes in habitat occurred mainly within the channel and led to modest 
increases in fish abundance, production, and productivity; however, ongoing 
maintenance and enhancement of restoration treatments, and use of beaver dam 
analogs to force greater floodplain connection could lead to increases in fish 
responses due to creation of more habitat area / mile of valley bottom 


Additional Resources 


Low-tech Process-Based Manual and Workshop Materials 
Asotin Creek IMW Story Map 
Low-Tech Process-Based Restoration Video, in Southeast Washington 
Asotin Creek IMW 2021 Annual Progress Report 
Asotin Creek IMW Experimental Design Manuscript 
Asotin Creek IMW Restoration Plan 
Asotin Creek IMW Adaptive Management Plan Manuscript 


 


 



http://lowtechpbr.restoration.usu.edu/

https://wa-rco.maps.arcgis.com/apps/Cascade/index.html?appid=5c5b525804904f4084c19164feac78d3

https://www.youtube.com/watch?v=4DP5RWGIlY8

https://ecologicalresearchinc.box.com/s/9im9gnsn7fa0qxj42eairlbj4oval9ns

https://ecologicalresearchinc.box.com/s/4fotiomig7qiad7qie0b7ojz6gko3izt

https://ecologicalresearchinc.box.com/s/h2ws496vet2lbjchqc769tmrz4sfypn6

https://ecologicalresearchinc.box.com/s/fmq3soovvx7p95h6rindpwm6r7dszshl
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Bridge Creek IMW 
Location Oregon 


Study Tributaries 
Bridge Creek, tributary of the lower John Day River 
Bear and Gable creeks, tributaries of Bridge Creek 
Murderers Creek, tributary of the South Fork John Day River 


Monitoring and 
Treatment Years 


Pre-treatment monitoring: 2007-2009 
Treatment: 2010, 2016 
Post-treatment monitoring: 2010-ongoing 


Status 
Phase I treatment and monitoring completed in 2014, Phase II restoration in 2016 
with post-treatment monitoring ongoing. 


Focal Species Middle Columbia steelhead 


Limiting factors 
Highly incised channel form, low habitat complexity, high stream power, floodplain 
and groundwater disconnection, high water temperatures 


Restoration Plan 
Construct beaver dam analogs and then measure response at 4 treatments and 7 
control reaches in Bridge Creek, 2 tributary references in Bear and Gable Creeks, 
and 3 watershed reference reaches in Murder’s Creek 


Monitoring 
Experimental Design 


Spatially Hierarchical Staircase BACI. Intervention analysis. Treatment and reference 
reaches were randomly selected. Selection of streams and watersheds was based on 
existing infrastructure. 


Restoration Treatment 
121 beaver dams constructed on the mainstem of Bridge Creek. Additionally, beaver 
constructed almost 150 more dams in treatment and control sections. 


Magnitude of 
Treatment 


4 km - about 30 % of degraded habitat 


Pre-treatment Data 
Approximately 3 years of juvenile survival, juvenile growth, juvenile density. Adult 
returns, water temperature, groundwater elevation, channel aggradation rate, and 
riparian vegetation extent. 


Physical Results to Date 


Increases in beaver dams and pools, almost 200% increase in inundation area (i.e., 
floodplain connection), 1,200% increase in side-channel length, 2-3 increase in 
groundwater height, trap 1-3 feet of sediment behind dams, moderation of high-
water temperature, increase in cold water refugia 


Biological Results to 
Date 


Increases in juvenile steelhead density (168%), survival (52%), and production 
(175%) 


Top 3 Management 
Implications 


1) A massive loss of structure in streams occurred by the near extirpation of beaver. 
2) Mimicking beaver dams with BDAs can provide many of the same hydraulic, 
hydrological, geomorphic and ecological benefits of natural beaver dams. They can 
also provide stable structures and refugia to promote natural beaver activity. 3) 
Because beaver tirelessly work to maintain dams, they can greatly accelerate 
sustainable processes that lead to floodplain reconnection and greater quantity and 
quality fish and wildlife habitat.  


Additional Resources 


Bridge Creek IMW Science Reports Habitat & Fish Results Manuscript 
Bridge Creek IMW PLOS ONE Temperature Manuscript  
Utah State University Beaver Restoration Assessment Tool Manuscript 
Using Beaver Dams to Restore Incised Streams Manuscript  
Modeling of beaver dam capacity (i.e., BRAT https://tools.riverscapes.xyz/brat/), 


 


  



https://ecologicalresearchinc.box.com/s/nd6j88jzyjps1ny2ndcyp5bg0xypba9o

https://ecologicalresearchinc.box.com/s/1q8hd487iokqjmzo3sm9fd2btqnnw3eb

https://ecologicalresearchinc.box.com/s/j2mamhiz91shy2giv8l4janxwstdsqc0

https://ecologicalresearchinc.box.com/s/yjfpwebo7ei8udceo9e5zl8mtiw3lot1

https://tools.riverscapes.xyz/brat/
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Elwha River IMW 
Location Washington 
Study Tributaries The Elwha and Quinault rivers 


Monitoring and 
Treatment Years 


Pre-treatment monitoring: 2000-2010 
Treatment: 2011-2015 
Post-treatment monitoring: 2014-present 


Status Post-treatment monitoring underway 


Focal Species 
Chinook, Coho, Pink, Chum, and Sockeye salmon, steelhead, Bull Trout, Cutthroat 
Trout, and Pacific Lamprey 


Limiting factors 
Lack of habitat connectivity (two dams over 30 m and 61 m in height that previously 
blocked about 90% of the anadromous salmonid habitat in the Elwha River 
Watershed and prohibited significant sediment accretion in the delta) 


Restoration Plan 
Complete removal of two dams, natural colonization of fish along with limited 
hatchery planting 


Monitoring 
Experimental Design 


BA or BACI depending on metric 


Restoration Treatment Complete removal of two dams, LWD placement 
Magnitude of 
Treatment 


About 128 km of salmon habitat opened 


Pre-treatment Data Multiple metrics of fish, habitat, food web, and water quality 


Physical Results to Date 
Sediment accretion created new habitat and altered the lower river from pool-riffle 
to a more braided morphology. 300% increase in available habitat length. 


Biological Results to 
Date 


Recolonization of many habitats by all anadromous life stages, resumption of 
anadromous life history (Bull Trout). Changes to the food web for juvenile salmonids 


Top 3 Management 
Implications 


1. Cumulative restoration actions are critical to the recovery of salmon and 
steelhead populations. 
2. Recovery time takes longer than funding occurs because our populations are so 
much lower than historical levels and habitat degradation has been the norm over a 
large expanse for decades. 
3. Without multiple forms of monitoring, quantifying ecosystem response is not 
possible. 


Additional Resources 
Rising from the Ashes - a short video from Trout Unlimited 
https://data.usgs.gov/drip-dashboard/ 
https://pubs.er.usgs.gov/publication/70099125 


 


  



https://www.youtube.com/watch?v=9t_m1myVBBQ

https://data.usgs.gov/drip-dashboard/

https://pubs.er.usgs.gov/publication/70099125
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Hood Canal IMW 
Location Washington 
Study Tributaries Little Anderson, Seabeck, Big Beef and Stavis Creeks 


Monitoring and 
Treatment Years 


Pre-treatment monitoring: 1992-2007 
Treatment: 2007- ongoing 
Post-treatment monitoring: 2003 – present 


Status 
Post-treatment monitoring ongoing; additional restoration projects proposed but 
currently unfunded. 


Focal Species 
Coho Salmon are the focus, as their abundance is estimated at three distinct life 
stages. Cutthroat Trout, Chum Salmon, and steelhead are also present in some 
watershed and/or at some life stages. 


Limiting factors 
Road crossings (culverts) reduce connectivity, reduced number and complexity of 
river channels, sediment imbalance: increased stream power/erosion in some 
reaches, severe deposition in other reaches 


Restoration Plan 


Remove barriers and constraints to flows of water, sediment, and fish, and restore 
stream roughness elements (LWD) and processes that will lead to future wood 
recruitment (riparian restoration and protection). Reconnect floodplain and wetland 
habitats though road removal. 


Monitoring 
Experimental Design 


Multiple BACI. Spatially balanced design. Approximately 20 habitat sites per 
watershed. Fish data from 10 parr monitoring sites plus spawner surveys 
throughout known spawning distribution plus smolt traps in each of four 
watersheds 


Restoration Treatment LWD placement, floodplain reconnection, and barrier removal 


Magnitude of 
Treatment 


In Little Anderson Creek, 3.7 km were treated with 495 pieces of LWD in three 
phases, and a barrier culvert was removed. In Big Beef Creek, 7.5 km were treated 
with 213 pieces of LWD in three phases, and a dike was removed, reconnecting 4.5 
hectares of floodplain wetland habitat. In Seabeck Creek, three culverts were 
replaced, though two of these were primarily road infrastructure projects.  


Pre-treatment Data 
Comprehensive fish and habitat data collection began in 2003, though some fish 
data available back to early 1990s. 


Physical Results to Date 
Significant interannual variation in several metrics but generally not attributable to 
LWD placement 


Biological Results to 
Date 


In Little Anderson, a significant increase in Coho Salmon smolt abundance after 
2002 culvert replacement and non-significant increase in Coho Salmon smolt 
abundance after LWD placement 


Top 3 Management 
Implications 


1. Prioritize connectivity in stream restoration – clear cut, large magnitude response 
in smolt abundance to culvert replacement. Stream connectivity not just about fish 
passage, it’s also critical for transporting sediment and woody debris. 
2. Think big! Large magnitude actions are needed to detect restoration effects. 
3. Factors external to freshwater habitat (marine survival, harvest) may constrain 
efforts to improve abundance through stream restoration. Fish response to 
restoration is most pronounced when treatment alleviates density dependent limits 
on productivity. 


Additional Resources 


Coho Salmon and Habitat Response to Restoration in a Small Stream 
Hood Canal Intensively Monitored Watershed Annual Report 2021 
Hood Canal Intensively Monitored Watershed Annual Report 2020 
Hood Canal Intensively Monitored Watershed Annual Report 2019 
Hood Canal Intensively Monitored Watershed Study Plan 


  



https://www.pnamp.org/document/15194

https://www.pnamp.org/document/15193

https://www.pnamp.org/document/15192

https://www.pnamp.org/document/15191

https://www.pnamp.org/document/15190
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Lemhi River IMW 
Location Idaho 


Study Tributaries 
The Lemhi River Watershed - Big Timber, Bohannon, Canyon, Hawley, Kenney, and 
Little Springs Creeks. Hayden Creek is a reference. 


Monitoring and 
Treatment Years 


Pre-treatment monitoring: 2007-2008 
Treatment: 2009 - present 
Post-treatment monitoring: 2011-present 


Status Treatment and monitoring ongoing 
Focal Species Snake River steelhead, Chinook Salmon, and Bull Trout 


Limiting factors 
Lack of connectivity between the Lemhi River and tributaries, reduction of spawning 
and rearing habitat, reduced flow in the mainstem 


Restoration Plan 


Tributaries: Prioritize 6 candidate Lemhi River tributaries for reconnection based on 
productivity, historical fish distribution and feasibility. 
Mainstem: Increase flow, re-establish floodplain connection, restore riparian 
function, and improve habitat complexity. 


Monitoring 
Experimental Design 


BA and BACI designs. Juvenile density estimates at the sub-basin, tributary, and 
reach scales. Juvenile distribution and survival.  


Restoration Treatment Barrier removal, flow augmentation, LWD, floodplain reconnection 


Magnitude of 
Treatment 


Five of six priority tributaries reconnected, allowing migrations without delay, one 
partially connected tributary that is not fully connected year-round due to a 
seasonal barrier at low summer flows. Lower Lemhi River minimum flow agreement: 
25-35 cfs through June 30 and minimum of 25 cfs beginning July 1. Large scale 
restoration projects on mainstem Lemhi River including channel re-meandering, 
floodplain reconnection, side channel construction, braided channels, and LWD. 


Pre-treatment Data 
Productivity comparison: 5 years pre-treatment, tributary standing stock: up to 8 
years depending on tributary 


Physical Results to Date 


 Tributaries Barrier removals expanded accessible spawning and rearing habitat in 
Lemhi tributaries. Minimum flow agreement in lower Lemhi River, water 
conservation measures in select reaches and tributaries, including source switches 
to redirect water withdrawals from mainstem Lemhi River verses tributary. 10+ 
mainstem river projects containing LWD for improved habitat complexity. Two 
projects in the upper Lemhi River and 3 in lower Lemhi River 8 containing expanded 
floodplain with lateral river channels and LWD. 


Biological Results to 
Date 


Juveniles: increase in abundance and upstream expansion of Chinook Salmon, 
steelhead, fluvial Bull Trout, providing survival advantages of fish using reconnected 
tributaries. Adults: Steelhead spawning activity in 3 fully reconnected tributaries, 
Chinook Salmon entry into 2 fully reconnected tributaries, and steelhead entry into 
1 partially reconnected tributary, but no observed spawning activity. 


Top 3 Management 
Implications 


1. Tributary reconnections in the Lemhi River basin provided additional habitat for 
spawning adult steelhead and for rearing juvenile Chinook Salmon and steelhead. 
2. Newly created braided channels and floodplain reconnections in the Lemhi River 
were used immediately after implementation by adult and juvenile Chinook Salmon 
and steelhead. 
3. Overwintering habitat for juvenile anadromous fish is limited in the Lemhi River. 
Increased habitat diversity will result in increased overwinter survival and 
productivity.  


Additional Resources 
Intensively Monitored Watersheds and Restoration of Salmon Habitat In Idaho: Ten-
Year Summary Report 


  



https://collaboration.idfg.idaho.gov/FisheriesTechnicalReports/Mgt17-14Uthe2017%20Intensively%20Monitored%20Watersheds.pdf

https://collaboration.idfg.idaho.gov/FisheriesTechnicalReports/Mgt17-14Uthe2017%20Intensively%20Monitored%20Watersheds.pdf
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Lower Columbia IMW 
Location Washington 


Study Tributaries Abernathy, Germany, and Mill Creeks, direct tributaries of the Lower Columbia River 


Monitoring and 


Treatment Years 


Pre- treatment monitoring: 2001-2012 
Nutrient enhancements: 2010-2015 
Habitat treatments: 2012-present 
Post-treatment monitoring: 2013-2032 


Status Post-treatment monitoring ongoing 


Focal Species Coho Salmon, Chinook Salmon, and steelhead 


Limiting factors 
Channel complexity, habitat diversity, off-channel/side channel connectivity, 
floodplain connectivity, habitat accessibility 


Restoration Plan 


1. Nutrient enhancement in the form of salmon carcass analogs 
2. Increase connectivity of off-channel and instream habitats 
3. Increase complexity of the instream habitat 
4. Improve fish passage in select tributaries 
5. Riparian enhancement 


Monitoring 


Experimental Design 


BACI. Juvenile production, size/growth, adult returns, Coho Salmon parr apparent 
overwinter survival, and multiple habitat metrics 


Restoration Treatment 
Nutrient enhancement (addition of salmon carcass analogs), LWD placement, 
floodplain reconnection, barrier removal, riparian planting 


Magnitude of 


Treatment 


Approximately 30% of habitat accessible to salmonids has been treated in Abernathy 
and 28% in Germany 


Pre-treatment Data 
Juvenile production, size/growth, overall productivity (recruits per spawner), and 
apparent overwinter Coho Salmon parr survival for brood years 2004-2011. 


Physical Results to Date 
Treatments have resulted in 17.7 km of instream habitat, 1.8 km of off-channel and 
side-channel habitat, 0.39 km2 of riparian area, and 2.7 km of improved fish passage  


Biological Results to 


Date 


Nutrient enhancement resulted in short-term growth increases in juvenile Coho 
Salmon following spring treatments but did not translate to increased survival. 
However, Abernathy has taken over as the highest producer of Coho Salmon in the 
last 4 years, following intensive LWD placement that began in 2015. 


Top 3 Management 
Implications 


1. Juvenile production and life history expression appears to be limited by the 
quantity and quality of rearing habitat, demonstrated by measured relationships 
between juvenile abundance and apparent overwinter survival for Coho Salmon and 
life history diversity for Chinook Salmon. 
2. Large-scale wood additions to improve spawning and rearing habitat appear to be 
having a positive impact on juvenile Coho Salmon apparent overwinter survival (up 
68%) and smolt production (up 59%) since implementation in 2015, but further 
monitoring is needed to detect a response. 
3. Nutrient enhancement treatments (e.g., Salmon Carcass Analogs) should be 
implemented in watersheds with nutrient retention features or coupled with other 
restoration treatments (e.g., beaver dam analogs) to help retain nutrients within the 
food web. 


Additional Resources https://www.lcfrb.gen.wa.us/monitoring-habitat-restoration 


 


  



https://www.lcfrb.gen.wa.us/monitoring-habitat-restoration
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Methow River IMW 
Location Washington 
Study Tributaries Methow River and Beaver Creek (a tributary of the Methow River) 


Monitoring and 
Treatment Years 


Pre-treatment monitoring: 2009-2012 
Treatment:  2012-2014 
Post-treatment monitoring:  2015-2018 


Status 
Three years of post-treatment monitoring completed. USBR Completion report in 
Spring 2019 


Focal Species Upper Columbia River spring Chinook Salmon and upper Columbia River steelhead.  


Limiting factors 
Habitat fragmentation, reduced flows, reduced habitat complexity, and riparian 
condition 


Restoration Plan 
Protect and restore access, flow, and habitat complexity for upper Columbia River 
spring Chinook Salmon and steelhead 


Monitoring 
Experimental Design 


BACI 


Restoration Treatment 


Methow River: 1 instream flow project, 3 fish screens, 4 fish passage structures, 19 
stream and floodplain enhancements, 4 riparian rehabilitation projects, and 50 land 
acquisitions and easements 
Beaver Creek: 4 instream flow projects, 1 fish screen, 8 fish passage projects, 4 
stream and floodplain enhancements, 2 riparian rehabilitation projects, and 2 land 
acquisitions 


Magnitude of 
Treatment 


Treatment occurred in approximately 8% of the Methow River and 22% of Beaver 
Creek 


Pre-treatment Data Five years of habitat, fish, and prey data 
Physical Results to Date Yet to be determined 
Biological Results to 
Date 


Increase in juvenile growth rate and density 


Top 3 Management 
Implications 


Not provided 


Additional Resources 
Link to USBR Summary Report: 
https://www.usbr.gov/pn/fcrps/rme/methowimw/metmonitoring2019.pdf 


 


  



https://www.usbr.gov/pn/fcrps/rme/methowimw/metmonitoring2019.pdf
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Middle Fork John Day IMW 
Location Oregon 
Study Tributaries Middle Fork John Day and South Fork John Day rivers and tributaries  


Monitoring and 
Treatment Years 


Pre- treatment monitoring: 2004- ongoing at the project scale 
Treatment: 2008-ongoing 
Post-treatment monitoring: ongoing 


Status Treatments and post-treatment monitoring ongoing 
Focal Species Spring Chinook Salmon, summer steelhead 


Limiting factors 
Water temperature, degraded floodplain habitat and channel structure, altered 
hydrology and sediment routing 


Restoration Plan Implemented over 125 restoration projects since 2008 
Monitoring 
Experimental Design 


BA, BACI, GRTS 


Restoration 
Treatment 


Channel restoration, floodplain reconnection, riparian fencing, LWD placement, log 
weir removal, fish barrier removal, flow restoration 


Magnitude of 
Treatment 


From 2017-2020 partners completed or implemented over 25 major restoration 
projects including treatment of 29 miles of instream habitat; improving or protecting 14 
miles of riparian habitat and removing 58 fish passage barriers. 


Pre-treatment Data Four years of salmonid population abundance and productivity 


Physical Results to 
Date 


from 2009-2019 trends in cumulative physical habitat index scores were not statistically 
significant, but trends indicate that for most metrics stream habitat is improving. 
However, analyses showed an increase in pool tail fines, across all sites, trending in the 
opposite direction than desired. This finding is likely a response to sediment sorting and 
an increase in fines due to the increased hydrologic complexity from large woody 
debris inputs during restoration. Sites encompassing both passive and active 
restoration exhibited deeper residual pool depths, narrower greenline-to-greenline 
channel widths, more habitat units per kilometer (i.e., increased complexity), and 
higher large wood densities than passive or active restoration actions implemented 
alone.  


Biological Results to 
Date 


Monitoring efforts have not yet detected a change in steelhead or Chinook Salmon 
productivity at the population scale compared to reference watersheds (Figure 3), and 
it will likely take several salmonid life-cycles (20-30 years) before improvements in 
productivity can be detected. While average redd count and spawner abundance has 
remained static, redd distribution has shifted downstream to restored reaches (– 
indicating a preferential selection of restored habitat for spawning activity. 


Top 3 Management 
Implications 


1. Identify the limiting factor of most concern and implement the restoration actions at 
a sufficient scale to address that limiting factor. Restoration actions need to occur at a 
large scale to address the limiting factor and have a detectable fish population 
response. 
2. Removing barriers to improve tributary connection is very important for juvenile 
rearing. In hot years the fish leave the mainstem and rear in the tributaries to access 
cold water refugia. In addition, the tributaries provide a cooling effect to the mainstem. 
3. Reducing warm water temperatures by improving riparian shading is key. It is crucial 
to protect riparian plantings from wild and domestic ungulate grazing for many years to 
allow these plantings to become established and are free to grow. 


Additional Resources 
Website: http://www.middleforkimw.org/ 
2017-2021 Accomplishments Report: https://www.pnamp.org/document/15125 
Link to Publications and Reports  


 



http://www.middleforkimw.org/

https://www.pnamp.org/document/15125

http://www.middleforkimw.org/publications-and-reports.html
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Potlatch River IMW 
Location Idaho 


Study Tributaries 
Potlatch River Basin; Big Bear Creek (BBC) and East Fork Potlatch River (EFPR) 
watersheds.  


Monitoring and 
Treatment Years 


Pre-treatment monitoring: BBC 2005 and EFPR 2008; Treatment: BBC 2013-present 
and EFPR 2009-present; Post-treatment monitoring: ongoing for both watersheds 


Status Treatments and monitoring ongoing 
Focal Species Snake River steelhead 


Limiting factors 
Tributary blockages and dewatered reaches in BBC subwatershed, simplified habitat 
in EFPR subwatershed 


Restoration Plan 
Barrier removal and flow supplementation in BBC, in-stream LWD and riparian 
restoration in EFPR. 


Monitoring 
Experimental Design 


Hierarchical scaled design (BA, BACI) at the watershed, tributary, and reach scale; 
adaptive management.  


Restoration Treatment 
BBC: Barrier removals and flow supplementation. EFPR: LWD placement and riparian 
restoration. 


Magnitude of 
Treatment 


Removed or modified 10 barriers, opened > 18 km. Installed >190 LWD structures, 
8.4 km treated. Flow supplementation, >16 km treated (temporary project). 
Development of projects on private lands still in progress. 


Pre-treatment Data 
Production and productivity at watershed scale and juvenile density, growth, and 
survival and habitat conditions at the tributary and reach levels. 


Physical Results to Date 


Barrier removals or modifications expanded accessible habitat. Water releases <1.0 
cfs resulted in restored connectivity, reduced water temperatures, and increased 
dissolved oxygen (temporary benefits). LWD structures increased aquatic habitat 
complexity and stream hydrologic function 


Biological Results to 
Date 


Spawning by adults in a blocked reach after barrier removal. Use of in-stream 
structures by juvenile steelhead. Increased proportion of older and larger steelhead 
emigrants leaving the EFPR and improved survival to Lower Granite Dam. Flow 
supplementation benefitted growth, survival, and density of juvenile steelhead 
(temporary benefits). 


Top 3 Management 
Implications 


1. Improvements to fish passage barriers resulted in rapid re-colonization of 
steelhead into blocked spawning and rearing areas in the Potlatch River basin. 
2. Extensive large wood additions and floodplain restoration/protection can lead to 
positive shifts in emigrant life history. Analysis is ongoing to determine primary 
factors influencing the documented shift in the East Fork Potlatch River. 
3. Flow supplementation resulted in more wetted channel habitat and improved 
water quality during the summer, benefitting growth, survival, and density of 
juvenile steelhead. Permanently implementing flow supplementation projects has 
been delayed due to permitting and funding challenges.  


Additional Resources 


Intensively Monitored Watersheds and Restoration of Salmon Habitat In Idaho: Ten-
Year Summary Report 
Potlatch River Steelhead Monitoring and Evaluation Project- 2019 and 2020 Biennial 
Report 


 


  



https://collaboration.idfg.idaho.gov/FisheriesTechnicalReports/Mgt17-14Uthe2017%20Intensively%20Monitored%20Watersheds.pdf

https://collaboration.idfg.idaho.gov/FisheriesTechnicalReports/Mgt17-14Uthe2017%20Intensively%20Monitored%20Watersheds.pdf

https://collaboration.idfg.idaho.gov/FisheriesTechnicalReports/Res21-13Knoth2019-2020Potlatch%20River%20Steelhead%20Monitoring%20and%20Evaluation.pdf

https://collaboration.idfg.idaho.gov/FisheriesTechnicalReports/Res21-13Knoth2019-2020Potlatch%20River%20Steelhead%20Monitoring%20and%20Evaluation.pdf
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Pudding Creek IMW 
Location California 


Study Tributaries 
Pudding Creek and Caspar Creek. Both watersheds drain directly into the Pacific 
Ocean near Fort Bragg in Northern California. 


Monitoring and 
Treatment Years 


Pre-treatment monitoring: 2011 - 2015 
Treatment: June - August 2015 
Post-treatment monitoring: 2016 - 2020 


Status Completed spring 2020 


Focal Species Central California Coast Coho Salmon and North-Central Coast steelhead 


Limiting factors 
Overwinter survival due to insufficient habitat complexity and lack of slow water 
refugia. 


Restoration Plan 
Additional of large wood at the watershed scale using the accelerated recruitment 
method (Carah et al. 2014)   


Monitoring 
Experimental Design 


Paired watershed BACI with Caspar Creek as the reference watershed. Generalized 
Linear Modeling, CJS models. 


Restoration Treatment Installation of LWD (n=438) 
Magnitude of 
Treatment 


Treated 12.1 km, eighty percent of Pudding Creek, with large wood 


Pre-treatment Data Juvenile abundance, growth, survival, and habitat conditions at the watershed scale. 


Physical Results to Date 
Increased LWD density, increased summer slow water volume. No change in 
residual pool depth, pool frequency, winter slow to fast water ratios. 


Biological Results to 
Date 


For Coho Salmon, increased growth relative to LWD density in summer and winter. 
However, growth did not increase more in the experimental watershed compared to 
the control watershed. No change in survival in winter. 


Top 3 Management 
Implications 


1. The accelerated recruitment method of large wood treatment may require more 
high flow events, time, and natural recruitment to result in increased wood loading 
that creates habitat and fish response. Extend post-treatment monitoring to better 
evaluate population level effects response. 
2. Wood loading levels were below recommended targets post treatment. Increase 
initial wood loading to achieve desired effects. 
3. Re-evaluate limiting factors and restoration strategies with respect to changing 
climate. 


Additional Resources 


Effects of Large Wood Restoration on Coho Salmon in a Northern California 
Watershed: A Before-After-Control-Impact Experiment: 
https://digitalcommons.humboldt.edu/cgi/viewcontent.cgi?article=1583&context=e
td 


References 
Carah, J. K., Blencowe, C. C., Wright, D. W., & Bolton, L. A. (2014). Low-cost 
restoration techniques for rapidly increasing wood cover in coastal Coho Salmon 
streams. North American Journal of Fisheries Management, 34(5), 1003-1013. 


 


  



https://digitalcommons.humboldt.edu/cgi/viewcontent.cgi?article=1583&context=etd

https://digitalcommons.humboldt.edu/cgi/viewcontent.cgi?article=1583&context=etd
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Skagit River Estuary IMW 
Location Washington 
Study Tributaries North and South Forks of the Skagit River. 


Monitoring and 
Treatment Years 


Pre-treatment monitoring: 1992-present 
Treatment: 2001-present 
Post-treatment monitoring:  ongoing in many sites 


Status Treatments and post-treatment monitoring ongoing 


Focal Species Skagit River Chinook Salmon - six wild stocks 


Limiting factors lack of habitat connectivity, reduced rearing habitat 


Restoration Plan 
Ongoing restoration of tidal habitat in the South Fork of the Skagit River with the 
North Fork being an unrestored control. 


Monitoring 
Experimental Design 


BACI to test for estuary restoration on population effects with North Fork used as a 
reference. BA with covariates used to test for the effects of estuary restoration 
upon post-estuarine life stages. 


Restoration Treatment 
Dike removals, setbacks, and breaches; tidal muting devices, fill removal 


Magnitude of 
Treatment 


Skagit River Estuary 


Pre-treatment Data 
Average juvenile Chinook Salmon size, change in size during rearing, rearing density 
over the season, timing of residence, changes in timing, marine survival, and 
frequencies of life history types 


Physical Results to Date Over 600 acres restored, gaining habitat despite erosion losses. 
Biological Results to 
Date 


Juvenile residence time increased and estuary-wide densities decreased. Size and 
densities increased locally at restoration sites. 


Top 3 Management 
Implications 


1. Limited availability of estuary habitat causes competition among juvenile Chinook 
Salmon that constrains abundance, residence period, fish size, and life history types. 
Limited estuary habitat is likely reducing smolt to adult return rates, yet important 
uncertainties exist. 
2. Restoration in the Skagit estuary has reduced crowding of juvenile Chinook 
Salmon, leading to larger body size and residence period. Although heading in the 
right direction, changes in adult returns are not strong enough to attribute to 
estuary restoration activities in the Skagit. 
3. Three factors affecting uncertainty in adult returns are: 1) not enough estuary 
restoration, which has been offset by natural habitat loss, and 2) large 
environmental variation in adult returns, and 3) few large outmigrations that could 
reveal reduced density dependence. 


Additional Resources Skagit River Estuary Intensively Monitored Watershed Annual Report for 2021 


 


  



https://www.pnamp.org/document/15189
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Strait of Juan de Fuca IMW 
Location Washington 
Study Tributaries Deep Creek, East Twin River, and West Twin River  


Monitoring and 
Treatment Years 


Deep Creek Treatments:  1996-2018 
Deep Creek Monitoring: 1992-present 
East Twin River Treatment: 2000-2011 
East Twin River Monitoring: 2002-present 
West Twin River Monitoring: 2004-present 


Status Treatments complete and posttreatment monitoring ongoing 
Focal Species Coho Salmon, steelhead, and Cutthroat Trout 
Limiting factors Simplified channels with high stream power 


Restoration Plan 


The goals of restoration were to: 1) increase the amount of in-stream wood, 2) 
increase overwintering habitat, 3), reduce the frequency of anthropogenic 
influenced landslides, and 4), restore riparian forest. The IMW treated one third of 
the anadromous habitat in Deep Creek and the East Twin River. The West Twin River 
was used as a control watershed because it was similar in size, hydrology, and 
geomorphology to the East Twin River and Deep Creek 


Monitoring 
Experimental Design 


Varies with scale and metric. Could view watershed scale as CI while some habitat 
measures are BACI 


Restoration Treatment 
Addition of LWD, fish passage, off-channel development, riparian tree planting, 
culvert replacement, and road abandonment 


Magnitude of 
Treatment 


Treated approximately 1/3 of the anadromous habitat in Deep Creek and East Twin 
rivers. No treatments were conducted in West Twin River 


Pre-treatment Data Varied by metric and watershed 


Physical Results to Date 


In the ~6 kilometers of wood placement we saw an increase in wood loading and 
channel spanning logjams, which contributed to deeper and more frequent pools, a 
reduction in particle size distribution, increases in sediment storage, reduced stream 
width, vegetation re-establishment in the riparian zone, and increased development 
of floodplain channels. The largest geomorphic changes occurred due to restoration 
wood effectively trapping wood being recruited, mobilized, and routed 
downstream.  


Biological Results to 
Date 


Juvenile Coho Salmon expressed multiple life histories and emigration timing but 
could not directly link to restoration. Small increases in Coho Salmon and steelhead 
adults in Deep Creek and East Twin River relative to West Twin River.  


Top 3 Management 
Implications 


1. Life history diversity contributes to the abundance of salmon populations. 
2. Long-term restoration of habitat, coupled with long-term monitoring can show 
positive changes to streams and watersheds. 
3. Fish response to habitat restoration actions occur, but multiple fish demographics 
need to be monitored because it is not obvious all the time which will result in a 
positive response. 


Additional Resources 


Nomads no more: early juvenile Coho Salmon migrants contribute to the adult 
return -  https://doi.org/10.1111/eff.12144 
Life History Diversity of Steelhead in Two Coastal Washington Watersheds - 
https://doi.org/10.1080/00028487.2016.1194893 


 


  



https://doi.org/10.1111/eff.12144

https://doi.org/10.1080/00028487.2016.1194893
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Wind River IMW 
Location Washington 
Study Tributaries The Wind River Watershed, Trout Creek, Panther Creek, Upper Wind Subbasin 


Monitoring and 
Treatment Years 


Baseline studies/reach-scale work: 1995-2001 
Pre-dam removal treatment monitoring: 2000-2009 
Dam Removal & Trout Creek Subbasin Restoration: 2009 with some lateral 
reconnection continuing through present 
Post-dam-removal monitoring: 2010-present 


Status 
Post dam-removal monitoring through present; increasing future habitat work focus 
shifting to other subbasins  


Focal Species 
Steelhead (primary), Coho and fall Chinook Salmon (secondary; limited to Little 
Wind River) 


Limiting factors Historical dam construction; Lack of habitat connectivity, low habitat complexity 


Restoration Plan 
Examine the effects of 1) dam removal (partial passage barrier), and 2) improved 
channel and floodplain habitat complexity on steelhead abundance and production 
in the Wind River 


Monitoring 
Experimental Design 


The monitoring design was developed around the sub-basin and basin-scales for 
smolt and adult abundance, with intensive reach-level evaluation of parr abundance 
and growth. These enable basin-and sub-basin BACI analysis for abundance and a BA 
for productivity, and capacity, and growth. 


Restoration Treatment 
Barrier removal (Hemlock Dam) primarily, but also culvert removal, Engineered Log 
Jams (ELJ) and LWD placement, road decommissioning, and side channel 
reconnection 


Magnitude of 
Treatment 


Treatment primarily in Trout Creek which improved access to 22 km of fish habitat 
and improved habitat quality in the former reservoir and nearby road-affected 
floodplain 


Pre-treatment Data 
Some data from 1992-2000 but primarily 10 years (2000-2009) leading up to 
Hemlock dam removal 


Physical Results to Date 
Changes in long profiles, substrate composition and water temperature were 
quantified and reported in a publication following dam removal 


Biological Results to 
Date 


Large increases in steelhead adult returns and smaller increases in smolt abundance 
in Trout Creek (treatment) vs. Wind River (control) 


Top 3 Management 
Implications 


1. Removal of Hemlock Dam (a partial barrier to adult steelhead) appears to be 
having a very positive response to both juvenile and adult populations in the Trout 
Creek watershed compared to the rest of the Wind River Subbasin. 
2. Full effects (channel aggradation, improvement in riparian health) of LWD 
treatments in larger floodplain reaches may take many years to be fully realized and 
thus fish response may also lag. Long-term monitoring is crucial. 
3. We need to know more about the diversity of life histories and habitat usage by 
life stage. There appears to be much movement of juvenile pre-smolt fish that is not 
well understood. 


Additional Resources 
Website: https://www.ucdwa.org/wind-river-watershed-project 
Reports: https://www.cbfish.org/Project.mvc/ProjectDocuments/1998-019-00 


  



https://www.ucdwa.org/wind-river-watershed-project

https://www.cbfish.org/Project.mvc/ProjectDocuments/1998-019-00
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Appendix 2 – Questionnaire and Responses 


This report is based on information collected in a questionnaire distributed to the PNAMP IMW Working Group 
in July 2021 and a series of three workshops held in November and December 2021 to discuss results from the 
questionnaire and develop collective “core messages.” Below you will find the questionnaire that was 
distributed and a compilation of responses from the 13 participating IMWs. The responses are reported here 
nearly verbatim with minor editing for clarity. 


Questionnaire 


Intensively Monitored Watershed (IMW) programs have been active across the Pacific Northwest for over 
twenty years. These study systems represent one of the few opportunities to understand fish-habitat 
relationships at watershed scales and across multiple life cycles. This information is essential to salmon and 
steelhead conservation and recovery programs, which annually invest millions of dollars in habitat projects and 
population and habitat monitoring. As IMW studies move into post-treatment monitoring phases, preliminary 
take home messages can help natural resource managers, policy makers, and practitioners more effectively 
implement recovery and habitat programs, as well as convey the benefits of long-term monitoring at a time 
when investments in salmon recovery are being reassessed at local, state and federal levels.  


Please answer the following questions to the best of your ability or share with IMW partners that are best 
suited to answer the questions, using plain language that can be adapted for public outreach materials. Major 
take-home messages across survey responses will be used for communicating IMW study results and benefits 
from our collective efforts to restoration practitioners, natural resource managers, property owners, tribal, local, 
state, and federal decision-makers and funders.  


We strongly encourage you to respond to these questions in the shared google spreadsheet. In the spreadsheet, 
questions are on the left and IMWs are listed alphabetically along the top. Questions 2, 3, and 10 have separate 
tabs in the spreadsheet and are answered using drop-down lists in each cell. 


If you have concerns or issues accessing the shared Google spreadsheet, please email Amy Puls 
(apuls@usgs.gov) and we will arrange an alternate way to submit your responses. 


Some of the questions in this questionnaire have been asked in past synthesis efforts (i.e., the WA GSRO survey 
distributed in February of 2021 to SRFB funded IMWs in Washington, and the PNAMP IMW questionnaire 
distributed in November of 2017 to all PNW IMWs). For these questions, the spreadsheet has been 
prepopulated with your previous survey responses. Please review this information and edit if necessary.  


Responses are due by August 15th, 2021.  


1. Briefly explain the original goal/intent of your IMW and the parameters being monitored. 


2. What types of restoration are being assessed in your IMW in relationship to the targeted species and life 
stages? Are the restoration methods and approaches being implemented in your IMW designed to address 
watershed processes and/or site-scale needs? Using the drop-down menus in the spreadsheet, identify the 
scale for each combination of restoration type, targeted species, and life stage that is applicable. 


Treatments: barrier removal, beaver dams, boulders, ELJ, floodplain reconnection, flow augmentation, 
hatchery augmentation, LWD, nutrient addition, reconnection of tidal channels, tidal wetland inundation, 
riparian improvement, road abandonment, screens 


Species: Steelhead, Coho Salmon, Chinook Salmon, Cutthroat Trout, Bull Trout, Pacific Lamprey 


Life stages: juvenile, adult 


Scales: WS=watershed scale, SS=site scale, Both=watershed and site scale, blank=not applicable 


3. How long do you anticipate the treatments and their benefits in your IMW to last? Using the drop-down 
menus in the spreadsheet, identify the length of time each applicable treatment type is anticipated to be 
functional. 



mailto:apuls@usgs.gov
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Treatments: barrier removal, beaver dams, boulders, ELJ, floodplain reconnection, flow augmentation, 
hatchery augmentation, LWD, nutrient addition, reconnection of tidal channels, tidal wetland inundation, 
riparian improvement, road abandonment, screens 


Time periods: 0-5 years, 5-10 years, 10-20 years, 20-30 years, 30+ years, self-sustaining, blank=not 
applicable 


4. Questions 4a-h ask about insights the IMWs are revealing. Note in your responses if you can draw any 
preliminary conclusions, trends, or patterns, and if these are statistically significant results or there is instead 
simply a weight of evidence you can document to support these statements.  


a. Have fish populations responded to habitat improvements to date? Describe responses and why, or 
why not, you think you are observing these. 


b. What were some key assumptions and were they validated during the course of the study?  


c. What are the IMW's strengths (best/most valuable/strongest elements) that should be shared with 
funders (e.g., ability to shed light on restoration efficacy, understanding outcomes of specific 
restoration types, etc.)?  


d. What are you learning about the spatial scale of restoration needed to achieve population scale 
responses? 


e. Share any insights regarding the importance of restoration sequencing and watershed location to 
effective restoration strategies.  


f. Are there factors not being addressed by restoration treatments that are limiting fish response? 
Predation, competition, climate change, ocean conditions, land use, harvest, hatchery, etc. 


g. What are you learning about salmon life history (e.g., run timing, abundance, juvenile 
emigration/outmigration timing, etc.)? What are you learning about the relationship between salmon 
life history and in-stream restoration and overall habitat diversity? 


h. What are you learning about the role of floodplain and upland land use in shaping habitat conditions 
and achieving restoration outcomes? 


5. What types of watersheds do you think IMW results are applicable to in terms of legacy and current land 
uses, watershed size, stream order, flow regimes, and other watershed characteristics? And, what 
watershed characteristics or treatment types are not applicable for restoration activities being evaluated by 
the IMW? 


6. To what degree can preliminary results be extrapolated to other salmon and steelhead populations in terms 
of limiting life stages, life histories, and geographic location?  


7. How is what you are learning being translated into information that can be used to inform policy, funding, 
and salmon recovery and watershed restoration decisions? Give examples. Do you have suggestions on how 
these types of outreach efforts could be improved? 


8. Do you have recommendations on how to work with landowners on successful project development and 
implementation? 


9. What haven’t you learned from your IMW that you expected to learn? Is it attainable with more time? If yes, 
estimate how long it would take to get the thing you expected to learn?  


10. What issues have arisen during the study that have compromised your ability to address the primary study 
objectives? Using the drop downdrop-down menus in the spreadsheet, please respond to the following 
categories with yes or no; we will discuss the details at the workshop. 


Categories: unanticipated difficulties with study design, insufficient number and size of restoration 
actions in the treatment watersheds, the treatment phase being so long the ability to measure response 
was impacted, unanticipated environmental variability obscuring treatment effects, other. 


11. What are the key items that would be lost or that we would miss out on if IMW funding decreases or 
disappears?  
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12. What do you see as your minimum and desired funding levels over the next 5 years? Please specify if there 
are specific, one-time, funding needs outside of the regular monitoring activities, such as data analysis, 
synthesis, and/or outreach and communication. 


 


Compiled Questionnaire Responses 


Question 1 


Briefly explain the original goal/intent of your IMW and the parameters being monitored. 


IMW responses 


Asotin Creek: The goals of the IMW are to test the effectiveness of LWD additions at 1) increasing channel 
complexity, promoting and sustaining overbank flow, floodplain connection, riparian extent and function, and 
riverscape physical and biological processes (e.g., erosion, deposition, and sustained wood accumulation) and 2) 
increasing freshwater productivity and production of juvenile steelhead. We are also attempting to fully develop 
and test an alternative restoration strategy for dealing with structural starvation (i.e., loss of LWD and beaver 
dams from stream) using post-assisted log structures (PALS) and beaver dam analogues (BDAs). We call the 
restoration approach low-tech process-based restoration of riverscapes and the goal is to cost-effectively add 
wood, protect recovering riparian habitat, and expand the scale of restoration (i.e., miles treated) to address the 
large scope of riverscape degradation (i.e., 10,000’s of km of degraded streams). To assess fish populations, we 
partner with WDFW that operate an adult weir and smolt trap near the mouth of Asotin Creek. The fish-in fish-
out operation provides a wealth of life-history data as well as estimates of adult escapement and juvenile 
emigrants. The IMW is implemented in three tributaries of Asotin Creek (Charley, North Fork and South Fork 
Asotin creeks), we conduct two-day mark-recapture in the summer and fall and tag all unmarked juvenile 
steelhead > 70 mm with 12 mm passive integrated transponder (PIT) tags. From the summer and fall PIT tagging 
data, we estimate site abundance (fish/km) and biomass (g/km). We then estimate annual growth, survival, and 
production rates across two periods: summer to fall and fall to summer. We also estimate juvenile emigration 
and productivity (smolts/year and smolts/female by brood year) by estimating the age of PIT tagged juvenile 
steelhead from 10%~ subsample of scales, tag detections at PIT tag interrogation sites (of juveniles and adults), 
and the ratio of tagged/untagged juveniles in the study creeks to estimate total juvenile emigrants. There are 
four PIT tag interrogation sites, two located at the mouth of each IMW study stream, and two located near the 
mouth of Asotin Creek. We also monitor stream temperature and discharge throughout Asotin Creek and the 
study creeks. We also monitor a wide range of stream habitat attributes using the Columbia Habitat Monitoring 
Protocol as well as collect detailed topographic data of habitat sites which allows the creation of digital elevation 
models which can be used to derive rates of erosion and deposition and support various modeling tools for 
assessing restoration effectiveness (e.g., Net Rate of Energy Intact, Geomorphic Unit Delineation).  


Bridge Creek: To test the effectiveness of installing beaver dam analogs (BDAs) at 1) promoting the 
establishment of persistent beaver complexes leading to channel aggradation and increased floodplain and 
groundwater connectivity and 2) increasing freshwater productivity and production of juvenile steelhead. We 
are also attempting to fully develop and test an alternative restoration strategy for dealing with structural 
starvation (i.e., loss of LWD and beaver dams from stream) using BDAs. We call the restoration approach low-
tech process-based restoration of riverscapes and the goal is to cost-effectively to mimic, promote, and sustain 
beaver activity to reconnect floodplains and expand the scale of restoration (i.e., miles treated) to address the 
large scope of riverscape degradation (i.e., 10,000’s of km of degraded streams). 


Elwha: The intent of removing the Elwha River dams was to restore connectivity to the entire watershed and 
allow for natural watershed processes related to the movement of water, sediment, nutrients, and energy 
longitudinally and laterally. 
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Hood Canal: The goal of the Hood Canal IMW is to evaluate restoration effectiveness by determining if, when 
and how restoration measurably improves fish population status. We focus primarily (but not exclusively) on 
Coho Salmon because the species inhabits fresh water for a full year prior to seaward migration, and therefore is 
exposed to the full seasonal range of stream conditions. The habitat monitoring was intended to address the 
“how” question by helping describe the mechanism by which restoration might benefit salmon populations.  In 
essence, the Hood Canal is a watershed-scale restoration effectiveness experiment. 


Lemhi: The Lemhi River IMW study is designed to evaluate fish and habitat responses to restoration actions in 
the Lemhi River basin and use the information learned to help guide and prioritize future habitat project 
implementation. Results from this study provide a better understanding of the relationship between habitat and 
fish at specific life stages and are used in fisheries conservation and management. The main objectives of the 
Lemhi River IMW study are: 


● Monitor changes in distribution, abundance, and survival of Chinook Salmon, steelhead, and resident/fluvial 
salmonids of all life stages (fry, parr, presmolt, smolt, and adult) in the Lemhi River, Hayden Creek, and 
candidate tributaries for reconnection.  


● Measure changes in productivity (number of juveniles per adult) of Chinook Salmon and steelhead 
● Monitor fish population and habitat responses to individual restoration projects and specific habitat 


treatment types.  


Lower Columbia: The original goal of the Lower Columbia (LC) IMW project was to evaluate the effects of 
freshwater habitat actions on production of juvenile Coho Salmon (ESA threatened), but focal species have 
expanded to include Chinook Salmon (ESA threatened) and steelhead (no listing status). Historically, watersheds 
in the LC IMW complex were impacted by land use that disrupted sediment transport processes and 
disconnected riparian and instream ecosystems. Habitat improvement actions were planned for Abernathy and 
Germany creeks, while Mill Creek provided a reference watershed with no improvement actions. Subsequently, 
restoration has been implemented to increase the carrying capacity and productivity of salmon and steelhead, 
and to increase adult spawning spatial distribution. These habitat treatment actions target limiting factors such 
as habitat complexity, connectivity, passage barriers, and nutrient enhancement. Parameters being monitored 
annually include: (1) fish life cycle metrics (population productivity, spawner abundance and distribution, smolt 
abundance in spring, Coho Salmon parr abundance and distribution in summer, Coho Salmon overwinter 
survival, and juvenile growth); (2) habitat metrics (large woody debris density, percent pools, percent gravel, 
thalweg depth, and percent side channels); and (3) water quality and quantity (stream flow and stream 
temperature). 


Methow: Protect and restore access, instream flow, habitat complexity for juvenile upper Columbia River spring 
Chinook Salmon and upper Columbia River steelhead. The Methow does not, and never had, a formal IMW 
structure. We had specific studies related to restoration effectiveness as well as a host of status and trends 
monitoring, but this was not coordinated or designed under an IMW. Bull Trout are an ESA species of interest in 
the Methow. Increasing floodplain connectivity and improving riparian condition and water quality are also goals 
of our work. 


Middle Fork John Day:  


a.       Compare changes in watershed-scale productivity as a result of restoration actions in MFIMW for summer 
steelhead and spring Chinook Salmon relative to the South Fork John Day and upper mainstem John Day rivers. 


b.       Learn how specific restoration actions influence salmonid abundance, survival, and growth at the reach 
and project-scale. 


c.       Understand how specific restoration actions impact instream habitat, riparian condition, and water 
temperature at the reach, project, and watershed scales. 


Potlatch: The goal of the Potlatch River IMW study is to evaluate fish and habitat responses to habitat 
restoration projects in the Potlatch River basin. The study is designed to assess responses in steelhead 
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production and productivity at multiple scales: 1) a broad-scale monitoring effort to document steelhead 
response within two index watersheds, Big Bear Creek (BBC) and the East Fork Potlatch River (EFPR); 2) a finer-
scale effort to assess habitat and fish response to restoration projects at the tributary level; and 3) reach-scale 
monitoring to assess whether individual projects produced the intended outcome. The study design allows 
managers to better understand the relationship between a habitat action and fish response and how localized 
responses to restoration propagate up to a higher, management-scale level.  


The main parameters we are monitoring:  


● Watershed scale: juvenile steelhead emigrant abundance, adult steelhead escapement, freshwater 
productivity (juvenile recruits per spawner), and emigrant & adult steelhead life history metrics. 


● Tributary scale:  juvenile steelhead density, growth (summer to fall), and survival. Habitat conditions 
including the amount of wetted habitat, LWD density, pool density, canopy cover, water temperature and 
flow conditions.  


Pudding: The goal of this study was to evaluate salmonid and habitat response to a large wood restoration 
treatment in a coastal California stream. We initiated a Before-After Control-Impact paired watershed 
experiment in Pudding Creek and Caspar Creek, Mendocino County, Calif.  By strategically adding large wood to 
80% of Pudding Creek, we aimed to increase channel complexity and restore processes that lead to future wood 
recruitment and floodplain connectivity, improving the habitat thought to limit Coho Salmon and steelhead 
production. We hypothesized that adding large wood would increase habitat heterogeneity of winter and 
summer habitat, and thereby improve growth, survival, and abundance of juvenile Coho Salmon and steelhead.    


Skagit: The original goals of the Skagit IMW were: 
1) to determine the cumulative effects of estuary restoration (i.e., improvements to both connectivity and 
capacity in the delta) upon the following characteristics at the population scale: juvenile density, size, timing, 
residence, recruitment to nearshore, and marine survival of natural-origin Chinook Salmon; and 
2) to estimate how these factors influence demographic trajectories of Skagit River Chinook Salmon populations. 
3) provide long-term sampling of the juvenile Chinook Salmon populations in the estuary and Skagit Bay 
nearshore as restoration projects were completed. Effectiveness of individual restoration projects were not to 
be covered by the IMW, but were monitored by SRSC as part of the restoration efforts. The IMW also depended 
on outmigrant trapping performed by WDFW, funded separately through status and trends dollars. 


Strait of Juan de Fuca: Goals are to 1) increase in channel wood, 2) increase over-winter habitat, 3) reduce rate 
of anthropogenic landsliding, 4) restore functional riparian forests. 


Wind River: The goal of the Wind River project is to restore wild steelhead populations through active and 
passive restoration actions and maintain a research and monitoring program to assess wild steelhead Viable 
Salmonid Population (VSP) metrics, response to habitat actions, and populate a life cycle model. The Wind River 
project has monitored adult and smolt wild steelhead abundance for over 20 years. Additional work on parr life-
history strategies, growth, and survival is ongoing. A network of screw traps and instream PIT tag detection 
systems allow for resolution at watershed scales (Trout Creek, Upper Wind, and Panther Creek) and the 
subbasin scale. Although not funded specifically under an IMW Program, we have some commonalities. 
Restoration has included removal of Hemlock Dam on Trout Creek, reach scale LWD and ELJ placement to 
restore floodplain processes in alluvial reaches, ELJ placement to reconnect side channels, and a Carcass Analog 
Study in two small tributaries. In the Little Wind River, a tributary in the lower watershed accessible to Coho and 
Chinook Salmon, LWD has been extensively added to increase channel complexity. 


Question 2 


What types of restoration are being assessed in your IMW in relationship to the targeted species and life 
stages? 
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Treatments: LW or ELJ for instream complexity, LW or ELJ for lateral connectivity, riparian restoration or 
protection, longitudinal reconnection (e.g., dam removal, culvert replacement), beaver dam analogs, lateral 
reconnection (e.g., removal of dikes, levees), road abandonment, flow augmentation, boulders, nutrient 
addition, fish protection screens, hatchery augmentation 


Species: Steelhead (STT), Coho Salmon (COS), Chinook Salmon (CHS), Cutthroat Trout (CUT), Bull Trout (BUT), 
Pacific Lamprey (LAY) 


Life stages: juvenile (J), adult (A) 


 


Table of IMW responses* 
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Treatments                            


LW or ELJ for  
instream complexity 


11 X  X X X X X X X X  X X 


LW or ELJ for  
lateral connectivity 


11 X  X X X X X X X X  X X 


Riparian restoration or 
protection 


9 X   X X X X X X  X  X 


Longitudinal reconnection 
(e.g., dam removal, 


culvert replacement) 
8   X X X X X X X    X 


Beaver dam analogs 7 X X  X X  X X X     


Lateral reconnection (e.g., 
removal of dikes, levees) 


6    X X  X X X  X   


Road abandonment 6    X  X  X X   X X 


Flow augmentation 3     X   X X     


Boulders 3     X  X X      


Nutrient addition 2      X       X 


Fish protection screens 1        X      


Hatchery augmentation 1       X       


Targeted Species               


Steelhead 12 J, A J, A J, A J, A J, A J, A J, A J, A J, A J, A  J, A J, A 


Chinook Salmon 8 J, A  J, A  J, A J, A J, A J, A   J  J, A 


Coho Salmon 7   J, A J, A  J, A J, A   J, A  J, A J, A 


Cutthroat Trout 4   J, A J J, A       J, A  


Bull Trout 3 J, A  J, A  J, A         


Pacific Lamprey 2 J, A  J, A           


* Please note that responses to Question 2 may differ from results presented in report Table 2; several rounds 
of feedback and revisions took place to agree on terminology and how to best represent complex information in 
simplified ways. 
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Question 3 


How long do you anticipate the treatments and their benefits in your IMW to last? Using the drop-down 
menus in the spreadsheet, identify the length of time each applicable treatment type is anticipated to be 
functional. 


Treatments: LW or ELJ for instream complexity, LW or ELJ for lateral connectivity, riparian restoration or 
protection, longitudinal reconnection (e.g., dam removal, culvert replacement), beaver dam analogs, lateral 
reconnection (e.g., removal of dikes, levees), road abandonment, flow augmentation, boulders, nutrient 
addition, fish protection screens, hatchery augmentation 


Time periods: 0-5 years, 5-10 years, 10-20 years, 20-30 years, 30+ years, SS (self-sustaining), blank=not 
applicable 


Table of IMW responses 
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Treatments                            


LW or ELJ for  
instream complexity 


11 10-20  20-30 20-30 20-30 10-20 10-20 10-20 20-30 10-20  20-30 20-30 


LW or ELJ for  
lateral connectivity 


11 10-20  20-30 20-30 SS SS 10-20 10-20 20-30 10-20  20-30 20-30 


Riparian restoration or 
protection 


9 SS   SS SS SS 30+ SS SS  30+  SS 


Longitudinal reconnection 
(e.g., dam removal, 


culvert replacement) 


8   SS 30+ SS SS SS 30+ SS    SS 


Beaver dam analogs 8 5-10 SS  0-5 10-20  5-10 SS 0-5     


Lateral reconnection (e.g., 
removal of dikes, levees) 


6    SS SS  SS SS SS  30+   


Road abandonment 6    SS  SS  SS SS   SS SS 


Flow augmentation 3     20-30   SS SS     


Boulders 3     SS  10-20 SS      


Nutrient addition 2      0-5       0-5 


Fish protection screens 1        10-20      


Hatchery augmentation 1       30+       


 


Questions 4a-h ask about insights the IMWs are revealing. Note in your responses if you can draw any 
preliminary conclusions, trends, or patterns, and if these are statistically significant results or there is instead 
simply a weight of evidence you can document to support these statements.  


Question 4a 


Have fish populations responded to habitat improvements to date? Describe responses and why, or why not, 
you think you are observing these. 


IMW responses 


Asotin Creek: Yes. We have seen modest increases in juvenile steelhead abundance (fish/km) ranging from 15-
40%. This equates to between ~140-600 juveniles/km. We have also seen increases in Biomass (g/km), 
Production (g/km/period), and an increase in smolts produced in treatment areas compared to control areas. 
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These fish responses are still being evaluated. All three IMW streams are showing the same trend with the larger 
streams showing the greatest increases. We have seen large increases in habitat diversity due to the restoration 
structures and we believe the structures are responsible for the positive fish responses . It is less clear what life 
stage is benefitting the most from restoration, but it appears to be the fry stage. The mechanism for this 
response could be that LWD is providing more cover and refuge from high flows for fry compared to age > 1 fish. 
Growth and survival of PIT tagged steelhead appear to not have changed in restoration areas compared to 
control areas suggesting that increased growth and/or survival of younger ages classes may be responsible for 
this increase.  


Bridge Creek: Relative to our control watershed, 168%, 52%, 175% increase in juvenile steelhead abundance, 
survival, and production, respectively, post-treatment (2010-2013) than pre-treatment 2009.  We collected 
information from 2014-2016 in which we continued to see about the same difference in abundance post-
treatment, but survival, growth and production was not analyzed.  Funding for the project was terminated in 
2016.  Recently a new source of funding was obtained and fish sampling resumed again this year 2021.  This year 
was extremely warm and flows were very low, and steelhead abundance also appears low, relative to our 
control watershed. Our control watershed is farther up the John Day River drainage, where water temperatures 
are cooler.  This might suggest that restoration can provide benefits unless temperature becomes limiting. 


Elwha: Initial response to dam removal by Chinook Salmon and steelhead was an increase in the number of 
returning adults and their watershed distribution over the pre-removal run size and area. Hatchery production 
and harvest restrictions have helped to increase Elwha Chinook Salmon and winter steelhead abundance, 
particularly during dam removal. Naturally produced juvenile Chinook Salmon and steelhead outmigrant 
abundance increased three years after adult passage was restored, suggesting that short-term impacts due to 
downstream sedimentation during and immediately after dam removal were short-lived. We have also observed 
a natural “reawakening” of the summer steelhead, particularly above the former dams. Our results suggest an 
integrated set of habitat, hatchery, and harvest actions can result in positive responses to salmonid populations. 


Hood Canal: Yes, the most dramatic response to restoration has been a large magnitude, immediate increase in 
Coho Salmon smolt abundance in Little Anderson Creek following replacement of a barrier culvert with a bridge 
near the creek mouth.  We think this response was strong because restoration immediate restored access to 
existing habitat that was capable of supporting spawning and rearing.  The response to LWD placement has been 
less pronounced, we have observed non-statistically significant increases in one but not all life stages. 


Lemhi: In the Lemhi River watershed, both anadromous and resident fish have responded positively to habitat 
improvements. A prime example is recolonization of reconnected tributaries by juvenile Chinook Salmon and 
steelhead. We have documented that reconnected tributaries have provided important rearing and overwinter 
habitat for salmon and steelhead by increasing habitat quantity and quality. Juvenile abundance and survival has 
increased for fish that spend the winter in the upper Lemhi River tributaries rather than the mainstem river. 
Tributaries also provide thermal refugia during summer when main stream temperatures can approach lethal. 
For example: 


●  Juvenile salmon abundance in Big Timber Creek has increased. Adult salmon spawning has not been 
documented in Big Timber Creek in recent years, which could be attributed to low escapement into the 
Lemhi watershed. Nonetheless, tributaries are providing crucial rearing habitat to early life stages. 


● There has been an increase in the number of smolts per redd emigrating from the upper reach of the Lemhi 
River relative to Hayden Creek (serves as a reference system for statistical comparisons of fish populations 
because it has maintained a perennial connection with the Lemhi River following agricultural development 
in the basin and provides insight into the historical importance of tributaries in the Lemhi River basin).  


● Over the past several years, adult steelhead have been observed spawning in Little Springs Creek, which 
prior to restoration, was partially disconnected from the Lemhi River during critical migration periods. 


● Adult fluvial Bull Trout have been observed in reconnected tributaries. Bull Trout that spawn in Bear Valley 
Creek (tributary of Hayden creek) have been observed migrating into two reconnected tributaries (Big 
Timber Creek and Little Springs Creek) in the upper Lemhi River.  
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Lower Columbia: Projects in the LC IMW watershed were only recently concluded in 2021. It is too soon after 
completing restoration projects to detect a fish population response to habitat improvements. In Abernathy 
Creek, the site of major ELJ, LWD, and floodplain reconnection projects, we may be seeing the beginning of a 
population response with juvenile abundances higher in this system in recent years compared with either the 
reference watershed or the other treatment watershed, where there has been relatively less restoration.  


Methow: If we look at numbers of returning adults, as well as Bull Trout populations, fish are not responding 
well to the efforts to improve habitat conditions. Population numbers are currently approaching very low 
abundance. That said, numerous observations indicate that target species and life stages are using restored 
areas (i.e., floodplains, areas upstream of repaired barriers, large wood structures), but, I would argue, recent 
monitoring has not been robust enough to elucidate the fate of these fish. The work of USBR and researchers 
has shed some light on several projects, but these were fairly limited in scope and treatment type and there 
were some significant logistical issues with these studies. These studies do show some improvement in growth 
and survival, but more work is needed to fully address this situation. My sense is that out of basin conditions 
(ocean and mainstem Columbia River and reservoirs) are exerting significant negative pressures on Methow fish.  


Middle Fork John Day:  


1.  Watershed scale fish population abundance and productivity values have not statistically improved from 
2004-2021. This may be due to many factors including: limited statistical power of BACI design, influential 
conditions outside the MFIMW area, unexpected positive increases in reference populations, limited 
temporal scope (esp. response time for riparian growth to affect water temperature through shading), 
limited spatial scope of key restoration actions (e.g., limited riparian regeneration and resultant shading), 
limited access to key habitats for restoration actions, delays in restoration implementation, and drought 
conditions. 


2. Work conducted by the Confederated Tribes of the Warm Springs Reservation of Oregon (CTWS) showed a 
significant shift of Chinook Salmon spawning activity from upstream unrestored reaches to the downstream 
restored CTWS reach at Oxbow Conservation Area (Oxbow). The key word here is “shift,” we did not observe 
a change in overall spawning density across the MFIMW. We expect that in high Chinook Salmon 
escapement years the habitat improvement project at Oxbow will increase overall productivity due to an 
increase in spawning habitat capacity. 


3. The observed shift in spawning distribution from long-term consistent data collection, has led to 
investigations of juvenile salmonid movement, use, distribution, growth and survival at the Forrest 
Conservation Area restoration project and reach scale.  This work is currently in the pre-restoration phase, 
and we hope will help answer questions about restoration at a reach scale. Restoration project 
implementation will occur in 2022, so stay tuned for results that can describe what the juvenile response is 
to these restoration efforts.  


 


Potlatch:  


● We documented an expansion of adult steelhead spawning distribution following barrier 
removals/modifications in the lower Potlatch River watershed. The expansion of spawning distribution was 
documented via telemetry and genetic techniques and is statistically significant.   


● We documented positive responses in juvenile steelhead growth, survival, and density in response to a flow 
augmentation study in the lower Potlatch River watershed. The positive responses were short term and did 
not persist because the flow study was a pilot project that only lasted 2 years.   


● We documented improvements to juvenile steelhead rearing conditions in response to a flow augmentation 
study, including increased rearing habitat, improved pool density and connectivity, and moderated stream 
temperatures and dissolved oxygen levels. The positive responses were short term and did not persist 
because the flow study was a pilot project that only lasted 2 years.   


● We have documented an initial watershed-scale response in juvenile steelhead in the upper Potlatch River 
watershed. We have observed positive shifts in juvenile steelhead age structure, growth, and survival during 
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recent treatment years. We hypothesize that as habitat conditions improve, juveniles will rear longer in the 
watershed instead of emigrating early and emigrant growth will increase as a result of improved energetic 
conditions in the drainage.    


Pudding: We did not see obvious treatment-based juvenile salmonid response. Coho Salmon smolt abundances 
decreased in Pudding Creek in the post-treatment period, as juvenile growth, and survival rates as well as wood 
density increased. Both watersheds experienced a similar increase in growth rates between treatment periods. 
Decreased smolt abundance post-treatment was not due to fewer spawning adults. Analysis of habitat data 
from site specific CHaMP surveys and watershed level summer habitat surveys showed increases in large wood 
and slow water habitat post-treatment. Although large wood density increased in both watersheds from pre- to 
post-treatment, we found evidence that it increased more in Pudding Creek compared with Caspar Creek. Some 
geomorphic changes were observed at a more localized level due to wood treatment. We did not observe 
increases in other habitat metrics evaluated, which may be why we did not observe a fish response. In addition, 
drought conditions in the pretreatment period may have played a role in increased growth and survival detected 
in both watersheds post treatment. In addition to effects drought, we also believe that juvenile density affected 
differences in growth between the watersheds. 


Skagit: Yes -- cohorts are rearing at lower densities, achieve larger average body size and have extended 
estuary timing. Marine survival has improved in the right direction. 


Strait of Juan de Fuca: Results are mixed - please refer to the Strait of Juan de Fuca IMW Annual Reports, and 
the 2018 retrospective synthesis report for in-depth analyses of fish population responses. 


Wind River: There have been several restoration actions in the Wind River that have provided opportunity to 
assess effects. Because the Wind River does not receive direct IMW Funding (we are primarily Bonneville Power 
Administration funded, though Forest Service and other funding entities provide money for actual restoration), 
much of the restoration is somewhat opportunistic within our restoration and monitoring group. Restoration 
actions to date have included the removal of Hemlock Dam (a partial upstream migration barrier to steelhead) 
on Trout Creek, a major floodplain restoration effort in a headwater reach of the mainstem Wind River (Mine 
Reach Project) involving LWD and ELJ placement to aggrade the channel, increase complexity, and reconnect 
side channels, and an effort in the Little Wind River involving ELJs to increase complexity and retain spawning 
gravels for anadromous spawning. Additionally, a carcass analog study was done in small tributaries to assess 
changes in primary production and fish growth. 


Our most robust monitoring of steelhead response to a restoration action involves removal of Hemlock Dam on 
Trout Creek in 2009. Hemlock Dam did have an adult fish ladder however, we documented adult steelhead 
avoidance of the ladder and the trap that was operated there for adult census. Monitoring of the response to 
Hemlock Dam removal has been ongoing for both adult and juvenile steelhead using a BACI design with the rest 
of the Wind River watershed acting as control. Although it is preliminary in nature, data to date for both juvenile 
and adult steelhead in Trout Creek suggest an increase in abundance of both relative to the rest of the Wind 
River Subbasin. These apparent increases in abundance are important in that removal of even partial barrier 
may have population effects. 


The Mine Reach restoration effort involved placement of LWD and ELJs in 4.8 kms of alluvial reach of the 
mainstem Wind River. Over 1,700 logs were placed. The Mine Reach restoration effort was completed in 2000. 
Physical habitat changes in the Mine Reach following the treatment included: LWD increased from 42 to 210 
pieces per kilometer, pool volume increased, low flow width/depth ratios decreased 56%, and qualitative 
observation indicated that channel aggradation has begun and multiple side channels were reconnected. 
Juvenile steelhead abundance data in the Mine Reach (treatment) and both upstream and downstream 
untreated (control) reaches were collected as part of a concurrent study.  During years following, abundance of 
age-1 steelhead in the Mine Reach increased markedly compared to an upstream control reach. During the 
years 2005 – 2007 age-1 steelhead abundance decreased in a downstream untreated reach, but increased in the 
Mine Reach. Age-0 abundance changes were mixed, with similar values to an upstream control reach, but 
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increasing abundance relative to two downstream control reaches, where age-0 steelhead abundance 
decreased. These data suggest the increase in LWD and habitat complexity favored age-1 steelhead rearing. 


The Little Wind River restoration effort involved ELJs to increase instream complexity and retain spawning 
gravels. About 2 km of stream was treated with about 100 logs, as well as boulders, and removal of streamside 
berms. Restoration actions began in 2014 and completed in 2019 Following treatment, redd counts for Coho 
Salmon have increased in the Little Wind River. Though we lack a control reach we believe that the restoration 
effects have benefitted anadromous spawning and rearing habitat.  


The carcass analog study (2005 and 2006) was completed in two tributary streams with control and treatment 
reaches. The addition of carcass analogs in the summer and fall to two oligotrophic-mesotrophic streams in the 
Wind River watershed significantly increased the growth of steelhead, produced mild to moderate increases in 
periphyton and insect production, and, for the most part, did not negatively impact water quality.  The growth 
rates of fish in stream sections that received analogs were 10 – 150 times higher than those of fish in untreated 
control sections.  Results indicate that seasonal additions of analogs can provide a temporary boost in 
productivity to streams that may be nutrient deficient due to low runs of salmonids.  However, any benefits of 
the nutrient subsidy we provided to these streams may be only short lived.  Questions remain, for example, 
about whether short term increases in fish growth, such as those seen in our treatment fish, actually translate 
into increased overwinter survival, more productive smolt outmigrations and, ultimately, increased adult 
returns. 


Difficulties have been in knowing what restoration actions are coming and having time to enact monitoring to 
include any site specific study. Funding limitations also constrain our ability to enact site specific monitoring or 
to increase our resolution on some questions and metrics. Additionally, control sites can be difficult to identify, 
and because conditions are not static, control areas can concurrently be changing through active or passive 
measures. This highlights the need for long-term studies with stable funding mechanisms to ensure consistency 
of data collected.  


Our current monitoring network provides good resolution in multiple sub-watersheds and is a strong setup to 
evaluate watershed effects of large scale restoration. Monitoring of steelhead parr life-histories, growth and 
survival, coupled with Viable Salmonid Population (VSP) parameters and life-cycle monitoring provide numerous 
metrics with which to assess future large-scale restoration. US Forest Service is proposing large scale instream 
restoration in the upper Trout Creek watershed (some side channel reconnection work has been recently 
completed in lower Trout Creek and additional work there is planned). We hope to continue monitoring relative 
to other sub-watersheds to assess response of various metrics for adult and juvenile steelhead in the Wind 
Subbasin. 


 


Question 4b 


What were some key assumptions and were they validated during the course of the study?  


IMW responses 


Asotin Creek: Key assumptions were: 1) there was a lack of LWD, 2) that there was a lack of cover and flow 
refugia, 3) there was a lack of quality feeding areas, 4) there was a lack of pools, bars, and side-channels and 5) 
that these habitat limitations were limiting juvenile steelhead production. As we continue to collect and analyze 
pre and post-restoration data it appears that there is evidence for many of our initial assumptions. 1) We have 
increased the frequency of LWD by >100-800% and believe that the current frequency is still not as high as 
reference conditions (i.e., higher densities of LWD could lead to more improvements in habitat conditions). Also, 
the density of LWD jams has increased > 100-400% and we have noted that jams are often responsible for 
creating more complexity. 2) Our fish results suggest that fry may be benefiting more from the restoration as 
growth and survival has not changed in > 1 age fish, suggesting that fry are benefiting from the cover and refugia 
provided by PALS. 3) We have not seen changes in growth in >1 ages but we have seen increases in abundance 
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which suggests that there are either more feeding areas/km or higher quality feeding areas thereby allowing 
more fish/km with no decrease in growth. 4) We have seen increases in pools and bars and these were observed 
almost exclusively around LWD structures (PALS) suggesting that the lack of LWD had led to a loss of pools and 
bars. We have not seen a significant increase in side-channels but feel that with further maintenance and 
enhancement of LWD additions, along with strategic implementation of BDAs to maximize floodplain 
conntection, we could see a large increase in side-channels and overall floodplain connection. This is likely due 
to time it takes to aggrade the channel (i.e., capture sediment and build bars), the resistance of the banks and 
channelized nature of the streams, and because log jams do not generally force overbank flow at low flows (but 
BDAs can). 


Bridge Creek: Key assumptions were that the lack of larger woody material prevented beaver from building 
longer lasting dams, slowing the rate at which they could help aggrade the incise channel, reconnect the 
floodplain and create more fish habitat.  Once BDAs were added to the system we observed 6-fold increase in 
the number of natural beaver dams including those built on BDAs.  Beaver dams built on BDAs last 8 fold lower 
failure rate than natural beaver dams.  


Elwha: Probably the greatest assumption was that sedimentation impacts during dam removal would be so high 
as to cause widespread mortality of Elwha River salmon populations.  Because of this, hatcheries were heavily 
utilized to conserve genetic integrity during dam removal.  The effectiveness of this strategy is still being 
evaluated. 


Hood Canal: A key assumption of the study was that the collaborative IMW team (monitoring scientists, SRFB, 
restoration practitioners) would have sufficient control over factors affecting salmon abundance that the study 
could be treated as a watershed-scale experiment. For example, a fundamental expectation of the study was 
that restoration would be of sufficient spatial extent and magnitude that it could measurably improve fish 
population status. However, restoration has generally not occurred at the rate or magnitude desired for a 
punctuated experiment. Additional factors outside the control of researchers likely also affect study outcomes. 
For example, marine survival and harvest play a role in adult abundance, which appears to be below habitat 
capacity in most years, possibly making it more difficult to detect a response to restoration. While these issues 
may not be ideal from a research perspective, we feel they are representative of the challenges facing salmon 
recovery. Therefore, IMW study results present important learning opportunities for salmon recovery, despite a 
lack of tight experimental control over all the factors affecting population status. 


Lemhi: 


● Tributary reconnections should increase the amount of spawning and rearing habitat accessible to migratory 
salmonids.  


○ To date, we have observed multiple species of fish at various life stages using reconnected 
tributaries for summer rearing, overwintering, and adult spawning. While we have observed the 
majority of tributary use from juvenile fish, we would expect a similar response with anadromous 
adult fish. However, this is predicated on sufficient escapement numbers that are influenced by 
multiple out of basin factors that are not addressed under Lemhi habitat rehabilitation efforts. In 
recent years, adult salmon and steelhead escapement to the state of Idaho has been low and we 
hope to see an increase in adult returns in the future.  


● Flow improvements in the mainstem river, as a result of tributary reconnections and mainstem water 
conservation projects, should provide sufficient fish passage conditions for all freshwater life stages.   


○ As a result of these efforts, no passage barriers were present in the mainstem Lemhi River during 
their annual migration period. Moreover, tributary reconnects and water conservation projects that 
maintain a minimum stream flow have created sufficient passage conditions for adult salmon in the 
lower Lemhi River.  


● The combination of tributary reconnections and mainstem upper Lemhi River habitat improvement projects 
should improve freshwater productivity for salmon and steelhead by improving habitat for life stage specific 
requirements.  
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○ Improved rearing conditions in the mainstem river and tributaries were assessed via salmon 
productivity estimates, measured as the number of age-1 smolts per redd. Results suggested that 
productivity of age-1 smolts increased in the Lemhi River basin.  Results also suggest that the 
increase in smolt productivity may be the result of more fish remaining in the mainstem river 
(upstream of Hayden Creek confluence) and tributaries through the winter and/or high winter 
survival of fish that stay in the Lemhi River watershed.  


Lower Columbia:  


A. There will be a measurable increase in juvenile fish production in response to restoration in treatment 
watersheds (Abernathy and Germany creeks) compared to the controlled watershed (Mill Creek) over time. This 
assumption appears to be partially supported in Abernathy Creek following six recent years (2015-2020) of 
intensive restoration designed to increase complexity, impacting 30% of habitat accessible to salmon. For the 
fourth year in a row, Abernathy Creek produced the most Coho Salmon smolts among the three basins. It is 
estimated that 10 years of monitoring are required post restoration, which is ongoing, to validate this 
assumption. 


B. Monitoring of multiple fish life stages (parr, smolt, adult) will provide insight into which life history stages are 
most affected by restoration. This assumption also appears to be partially supported with evidence of increased 
apparent Coho Salmon parr overwinter survival in treatment watersheds during restoration (brood years 2012-
2018) compared to the baseline period prior to restoration (brood years 2004-2011). By contrast, parr survival in 
the control watershed appears to have decreased over the entire time period. There is no evidence of increased 
adult production over time, and this may be due to factors occurring outside of the LC IMW complex (e.g., poor 
marine survival and increased harvest). 


C. The survival of Juvenile salmon and steelhead is limited by freshwater habitat (i.e., juvenile survival is density 
dependent). This assumption appears to be supported across the LC IMW complex, suggesting that freshwater 
habitat is limiting productivity. For example, apparent overwinter survival of Coho Salmon parr across all 
watersheds (brood years 2004-2018) is a function of summer parr abundance (i.e., higher survival with fewer 
parr). In addition, tributary and headwater reaches are important habitats for producing large spring Coho 
Salmon smolts. 


D.  Juvenile Chinook Salmon life history diversity is a density dependent function of total juvenile abundance 
(i.e., life history diversity is density dependent). This assumption was supported in Germany Creek (2005-2018), 
where it was determined that the ratio of subyearling to all life history types is a function of the total number of 
juveniles that emerge from the gravel (i.e., fewer parr with increasing juvenile abundance). Coho Salmon fall 
outmigrants may also be affected by habitat conditions. 


E. Habitat treatments targeting limiting factors such as channel complexity, connectivity between instream 
channels, off-channel/side channel areas, and floodplains, fish passage, and riparian habitat will increase 
capacity, productivity, survival, and growth of juvenile salmon and steelhead at the watershed scale. This 
assumption may be supported, although several more years of post-treatment monitoring are required to 
validate this assumption. For example, for the fourth consecutive year in 2020, Abernathy basin, where the 
majority of restoration treatments have taken place, produced the most Coho Salmon smolts among the three 
basins. Juvenile steelhead abundance is also trending upward in the Abernathy and Germany treatment 
watersheds. 


F. Salmon Carcass Analogs (SCAs) can be used as a form of nutrient enhancement for juvenile Coho Salmon. This 
assumption was tested on Germany Creek in the fall (2010-2013) and Abernathy Creek in the spring (2013-2015) 
and was not supported; neither fall nor spring SCA treatments had a significant effect on Coho Salmon growth or 
survival. Monitoring of SCA treatments was finalized in 2017. 


G. Barriers to fish passage limit spawning habitat. This assumption was supported in 2020 resulting from the 
passage barrier removal project on Sarah Creek, completed in 2019. In 2020, just one year after project 
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completion, eleven Coho Salmon redds were observed in the newly accessible habitat, which was ten times 
more than ever observed across the time series. 


H. Freshwater habitat conditions that affect juvenile salmon survival are dynamic and on similar or measurable 
trajectories in treatment and reference watersheds, but restoration activities in treatment watersheds will 
generate changes in stream habitat that should be detectable relative to the reference watershed. This 
assumption may be supported but disentangling stochastic (i.e., environmental) change from treatment effects 
through time has been a challenge across all IMW complexes. Work is ongoing to address this issue using a state 
space model framework. 


I. Annual fish and habitat monitoring will be required post-treatment to reliably detect treatment effects. This 
assumption was supported by power analysis and a Monte Carlo simulation conducted in 2016 that determined 
10 years of post-treatment fish monitoring were required to detect a measurable change in fish production 
given the proposed habitat actions. The analysis also found that proposed treatments in Germany Creek might 
be too small to detect any change in fish abundance. 


Methow: It's challenging to summarize this as we do not have just one study that has been operating, many 
independent ones and no comprehensive IMW approach. The foundational/overarching assumption would be 
to determine the effectiveness of habitat restoration efforts on improving growth and survival of target species. 
The assumption that improved habitat quality - through addressing identified limiting factors at the reach scale - 
would increase growth and survival of target species and thus contribute to recovery. Not sure if this has been 
validated to the extent necessary. For example, floodplain reconnection has been a widespread treatment in the 
Methow, but we have scant data on its effectiveness. The hatchery program effectiveness monitoring provides 
the most long-term fish related data available but this program is not designed to assess the effectiveness of 
restoration actions.  


Middle Fork John Day:  


1. We assumed that we could detect population-scale, fish productivity responses using a BACI design. Limited 
power of our statistical test, due to limited precision and cumulative statistical error of sampling efforts 
required to estimate productivity, has limited our ability to detect change. This limitation has elevated the 
importance of our reach-scale monitoring. 


2.  Despite gains made in habitat quality, suitable stream temperatures and habitat quantity remained limited, 
suppressing significant increases in watershed-scale salmonid productivity. 


3.  Inconsistent temporal and spatial monitoring for some research studies (e.g., macroinvertebrates, water 
temperature, vegetation) has made detection of change difficult. 


4.  The monitoring plan designed at the beginning of the study was compromised by unanticipated restoration 
projects that were implemented during the course of monitoring. There were many organizations 
implementing restoration actions across the MFIMW study area, and a lack of initial coordination resulted in 
some restoration projects being implemented in designated control reaches. 


5. Restoration actions aimed at improving watershed function may take decades to mature. Some processes 
and cycles that influence salmonid populations span much longer than 10 years and will not manifest a fish 
population response within a 10-year period. 


6.  It was assumed that if cattle grazing was restricted, riparian plantings would grow and recover.  Studies 
conducted by MFIMW partners showed that high ungulate browsing was inhibiting riparian recovery and 
without fencing riparian plantings would not recover at the rate expected. 


7.  In addition, restoration practices evolved as restoration practitioners learn from initial actions and initial 
active restoration projects may not be as effective as later actions that were informed by initial 
shortcomings. These adaptations and iterations may reduce our ability to detect statistically significant 
responses over time or to management (McDowell et al. 2020). 


8. One assumption currently under investigation is that increased fish productivity at the restoration level 
equals increased productivity at the population level. We are validating (or nullifying) this assumption 
through a paired study of fish abundance and movement. The second tier to this assumption is: at what 
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scale is this assumption validated (i.e., if you restore 5 km of stream and observed increased productivity is 
this productivity reflective of a true increase) – research is ongoing, and no results are available yet. 


 


Potlatch:  


Project specific assumptions from the Potlatch River IMW: 


● Barrier removals are cost efficient treatments to increase the amount of available spawning and rearing 
habitat in high priority drainages  . Improved passage will result in the expansion of adult spawning and 
juvenile rearing distribution and in the long-term, upstream distribution of steelhead spawners may increase 
the number of emigrants through an increase in rearing habitat available to juveniles and a reduction of 
density dependent effects.  


○ This assumption was supported from 2 major barrier removal projects in the lower Potlatch River 
watershed. We documented successful upstream passage of adult steelhead and spawning for each 
project within 2 years of project completion. Our ability to assess potential increases in juvenile 
production has been confounded by low adult steelhead returns in recent years. From 2017-2020, 
adult steelhead returns to the Potlatch River basin and elsewhere in Idaho have been below 
average, likely as a result of out of basin factors. Continued monitoring is needed to assess changes 
in emigrant production resulting from these projects. 


○ The location of barrier removal projects is important. Barrier removal/modification projects should 
be located within close proximity of the source population to have a positive impact on fish 
distribution/production. Projects located in low priority drainages and/or intermittent streams have 
little to no positive impact on fish distribution.    


● Flow augmentation should increase the quantity of juvenile rearing habitat (increased available wetted 
habitat and pool abundance) and improve the quality of existing rearing habitat (improved temperature and 
dissolved oxygen) for juvenile steelhead. In the short-term, flow augmentation is expected to increase 
growth and condition of juvenile steelhead. In the long-term, parr-to-smolt survival is expected to change in 
response to flow augmentation, ultimately resulting in increased steelhead productivity within the drainage.  


○ These assumptions were supported from an Idaho Department of Fish and Game flow augmentation 
pilot project on Spring Valley/Little Bear Creek. We observed a significant increases in the amount of 
juvenile rearing habitat, pool density and connectivity, as well as moderated stream temperatures 
and dissolved oxygen levels. We documented positive responses in juvenile steelhead growth, 
survival, and density in response to the augmentation efforts. We will be able to assess long-term 
responses in juvenile production/ productivity once the project is fully implemented.  


● LWD treatments are intended to increase the quantity of instream rearing habitat (e.g., pool formation) and 
increase hyporheic exchange between the river and surrounding aquifer. Expected fish responses include 
increased parr abundance and parr-to-smolt survival in treatment tributaries compared to control 
tributaries. Other potential responses include changes in emigrant age structure and/or length-at-age. 


○ Preliminary data support the assumption that changes in emigrant age structure and length-at-age 
may result from improved rearing conditions in the EFPR. During recent treatment years, we have 
observed positive shifts in emigrant age (i.e., more 2 yr. old smolts), growth, and survival.  


Higher Level assumptions from the Potlatch River IMW: 


● Restoration would occur at a pace and magnitude to elicit a sustained, watershed response in steelhead.  
○ This assumption has not been supported, especially in the lower Potlatch River watershed. We have 


identified three high impact projects that our modeling suggested would significantly increase 
juvenile steelhead production. However, only 1 of the 3 projects has been implemented and the 
other two have been delayed or canceled by permitting and funding issues. Working with private 
landowners also limits the pace of project implementation. It takes a considerable amount of time 
and effort building relationships with private landowners.  
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● Restoration  projects would be implemented in areas that would have the greatest impacts on juvenile fish 
production/productivity. Prioritizing where  restoration occurs has been a challenging aspect of this work 
and too often projects are implemented in places where there are willing landowners as opposed to areas 
that would have the greatest impact. 


Pudding:  


1. Prior to the study, we determined that over-winter survival and low summer growth were major limiting 
factors for Coho Salmon, and that lack of winter slow-water rearing habitat was limiting Coho Salmon 
production. 


2. Wood treatment would increase habitat for fish during periods that are limiting by increasing (1) habitat 
complexity, (2) slow water winter refugia, and (3) summer habitat. Treating 80% of the watershed would be 
enough to detect a change/response. Because we did not see much of a habitat response, this level of 
treatment may not have been enough.  


3. The control (Caspar) was in similar in condition to Impact (Pudding) to detect changes caused by the 
restoration. Fish abundance, survival metrics trended similarly. Stream habitat characteristics were similar. 
instream large wood was found to be low in both streams. While we validated this in the pre-treatment, 
some of the differences between watersheds may have played role in the fish response. 


4. That the rapid habitat census technique would be comparable to the site-specific Champ methods. Rapid 
habitat census technique matched well with ChaMP reaches- signaling repeatability and supporting limited 
habitat change.  


Skagit: We predicted that estuary restoration would result in: 


1) decreases in juvenile Chinook Salmon density for the estuary as a whole (for a given outmigration) as fish 
expand into restored habitat, and decreased incidence of fry migrating directly into nearshore environments 
where survival rates are much lower than the estuary; 


2) increases in juvenile Chinook Salmon size and residence in the estuary; and 


3) increased smolt-adult return rates based on run reconstruction, and increased estuary system carrying 
capacity based on life stage specific stock-recruit model predictions. 


 These predictions contrast to some degree with effects of individual restoration projects at the local level; for 
example, restoration should cause increases in density within restored wetlands. Likewise, improvements to 
connectivity would result in increases in density in areas with improved connectivity. However, for a given run 
size, the overall density in the delta will decrease as the new habitat is created and existing habitat becomes 
more accessible. 


These predictions followed from conclusions in the Skagit recovery plan that 1) tidal wetland rearing habitat in 
the Skagit estuary represented a major limiting factor in the early life stages of juvenile Chinook Salmon fry, and 
2) these fish would benefit from restoration because most Skagit River fish migrate as fry into the estuary. These 
assumptions have been validated as additional monitoring has been conducted. 


Strait of Juan de Fuca: No response 


 


Question 4c 


What are the IMWs strengths (best/most valuable/strongest elements) that should be shared with funders 
(e.g., ability to shed light on restoration efficacy, understanding outcomes of specific restoration types, etc.)?  


IMW responses 


Asotin Creek: Strengths of our approach are to measure a large number of habitat/geomorphic and fish 
parameters (and processes like wood accumulation, wood recruitment, channel widening, etc.) cost efficiently 
which will allow us to understand in greater detail the causal mechanisms of habitat and fish responses. We also 
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have three replicate experiments (three IMW streams) with different characteristics (gradient, substrate, stream 
power, etc.) which will allow us to inform management of a greater range of stream types. In addition, we are 
developing a process-based restoration approach (low-tech process-based restoration; Wheaton et al. 2019) 
which will have broad applicability to 10’s or 100’s of thousands of kms of low order, wadeable streams. The 
method we are developing can also be implemented by a broad range of restoration practitioners and is easy to 
teach people how to implement - making restoration accessible to a wide range of people.  


Bridge Creek: This IMW developed beaver dam analogs as means to mimic beaver activity and give beaver a 
chance to build more stable complexes. Beavers once established are far more capable than humans at building 
and maintaining beaver dams that can lead to extraordinary geomorphic, hydrologic, and biological responses. 
Thus, beaver continued the trajectory of recovery to incision far beyond the initial investment in BDAs. Mimic, 
promote, and sustain beaver activity with BDAs. These structures can be built quickly, cheaply without the need 
of heavy machinery and by a much broader restoration community. Both BDAs and PALS (Asotin Creek) have 
now been adopted by restoration practitioners throughout the world as a means to treat structurally starved 
systems (a very common degraded state) and engage processes that can reconnect floodplains for a relatively 
low cost that might actually scalable to the scale of stream degradation.  


Additionally, the mechanisms by which beavers and structure impact fish habitat includes geomorphic and 
hydrologic responses (e.g., connected floodplains multithreaded systems sometimes referred to as stage-0) that 
lead to a greater quantity of habitat rather than a focus on habitat quality of what is considered "ideal" salmonid 
habitat. The assumption by several fish biologists that habitat created by beaver is not conducive to salmonids 
was challenged in this IMW. The added complexity and quantity at the watershed scale created a large 
population level steelhead response. 


Elwha: This IMWs greatest strength has been the partnerships developed between diverse agencies including 
the Lower Elwha Klallam Tribe, Washington Department of Fish and Wildlife, NOAA, US Fish and Wildlife Service, 
US Geological Service, US Bureau of Reclamation, and the National Parks Service.  Monitoring has included a mix 
of physical and biological sciences. 


Hood Canal: One of the primary strengths of the Hood Canal IMW is that the fish and habitat monitoring occurs 
at the watershed scale. Thus, we can determine if restoration improves the status (e.g., abundance) of the entire 
population, not just locally in the restoration project area. Another strength is that we obtain watershed-scale 
abundance estimates at three distinct life stages, allowing us to partition the life cycle in assessing factors 
affecting abundance. The study design includes a control watershed, aimed at reducing uncertainty due to 
natural environmental variation. Another strength is that the study streams are generally representative of 
lowland, rain- dominated small streams facing rural residential development, a broad landscape encompassing 
many salmon streams across western Washington and Oregon. Lastly, over the last 18 years, the consistency of 
monitoring, with few significant deviations from the study plan, is a strength of the study as it provides 
informational stability for detecting change. 


Lemhi: The Lemhi River IMWs most valuable strength is relating fish abundance to key habitat metrics (e.g., 
large woody debris), and then developing habitat restoration actions that improve upon existing conditions for 
each of the freshwater life stages. Combining information on factors that limit life stages of salmon and 
steelhead, and relating this to ongoing habitat restoration actions has proved useful for managers as projects 
are developed under an adaptive management approach. In short, the Lemhi River IMW provides a good model 
for watershed rehabilitation, particularly with respect to addressing life stage specific needs to improve 
productivity while providing recommendations for other watersheds.        


Lower Columbia:  


A. The LC IMW program is comprised of a highly collaborative, well-qualified team consisting of many local, 
state, tribal, and federal agencies, and organizations, responsible for the scientifically based study design, 
implementation, and monitoring framework. 
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B. The LC IMW treatment (Abernathy, Germany) and reference (Mill) watersheds provide a natural experiment 
to test and validate salmon habitat improvement strategies by monitoring fish response (abundance, 
productivity [e.g., recruits-per-spawner], life history diversity, and distribution) to variable habitat through time. 


C. At least one of the LC IMW treatment watersheds (Abernathy) is small enough to ensure that restoration 
actions have targeted a sufficient proportion of the habitat to elicit a measurable fish response within 5-10 years 
based on power analysis and a Monte Carlo simulation. 


D. Monitoring of juvenile salmon smolt production, Coho Salmon parr abundance and overwinter survival, and 
adult spawning abundance within the LC IMW complex, allows researchers to measure and track population life 
history diversity and viability over time (i.e., before and after treatments). 


E. Information on smolt abundance generated from the LC IMW is used to manage fish populations in the Lower 
Columbia River (forecast future abundance, evaluate escapement goals, set harvest exploitation rates, etc.) and 
to guide future restoration actions in the Lower Columbia region. 


Methow: We don't have an IMW. I would say the Methow's strength would be our collective desire to work 
together across agencies and organizations. We share data, staff, and expertise. This has been of incredible 
value as we pursue the various goals of separate, but interrelated, projects.  


Middle Fork John Day:  


1. Restoration: 
a. The Heat Source model indicates that stream temperatures are far more sensitive to changes in 


shade than to changes in either air temperature or stream discharge (Crown 2010, Diabat 2014, 
Lawrence et al. 2014). 


b. Further monitoring and models have shown that for the MFIMW, water temperatures are limiting 
juvenile salmonid distribution.  High density maximum riparian growth has the most potential to 
decrease water temperatures and positively affect fish populations. 


c. Tributary inputs of cold water to the mainstem channels, rather than groundwater inputs from the 
Middle Fork John Day River mainstem floodplain, play an important role in cooling the mainstem 
channels (O’Donnell 2012) and providing cold-water refugia for salmonids (Ebersole 2015). 


d. Solar radiation is the primary driver of temperature gain along the mainstem Middle Fork John Day 
River; therefore, channels with more surface area are more susceptible to temperature increases. 


e. Riparian plantings can reduce stream temperatures, but they require time and stewardship. Even 
when grazing livestock are absent, browsing pressure from deer and elk limited plant growth. 


f. River restoration is a long-term investment. Given the lag time for riparian plantings to mature (15-
40 years) and the 5–10-year life cycle of focal fish species, the limited fish responses to restoration 
actions are reasonable. 


g. Re-meandering channels, without limitation of the wetted area during summer low-flow, may cause 
temperature increases in the absence of tall riparian vegetation. The results suggest all restoration 
efforts be assessed for their impact of low-flow stream surface area as a predictor of the expected 
impact on critical stream temperature. 


h. Carex nudata (Torrent sedge) was an unexpected and important ally in increasing functioning 
systems and increased habitat diversity. Complementary research by Goslin and McDowell in the 
Middle Fork John Day River has found that C. nudata is enhancing geomorphic complexity in the 
system. The most apparent C. nudata effect is the development of C. nudata islands which result in 
multi-threaded channel segments, a process that could lead to new habitat units (McDowell et al. 
2020). 


i. Temperature modeling and information gathered during the IMW effort has changed some design 
strategies for restoration projects.  For example, there is more emphasis on undersized and/or 
multiple braided channels that are more easily shaded by riparian hardwood species.  While there is 
a recognition that riparian shade is key to reduce stream temperatures, methods to reduce low flow 
channel width/surface area of existing channels are also being used to reduce stream temperature.    
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2. Collaboration: 
a. The MFIMW is comprised of a large group of research, monitoring, restoration and funding agencies 


and groups established in 2008. When asked this question, across the board, every partner agency 
listed collaboration, the stable group structure, and shared science and resources as one of the most 
important successes to share with funders. The MFIMW framework has provided countless 
examples of how bringing together various agencies, stakeholders, interested parties focused on 
improving watershed health and function can create higher quality output by providing a forum for 
partners to interact and share what they are learning. Numerous research projects have been 
greatly improved by collaboration with partners outside the Middle Fork John Day River and would 
not have been as successful if implemented in isolation of other 
researchers/biologists/stakeholders. This shared science has allowed for real-time sharing with 
restoration practitioners and has reduced duplication of research and monitoring efforts. In 
addition, past funding, and current research relationships have allowed the MFIMW group to bring 
in academic institutions and researchers which has strengthened the scientific integrity of MFIMW 
research. 


b. Project-level assessments of restoration efficacy highlight the highly collaborative nature of the 
MFIMW working group, which brings together federal (Malheur National Forest, Bureau of 
Reclamation) state (Oregon Department of Fish and Wildlife (ODFW), University of Oregon, Oregon 
State University), tribal (Confederated Tribes of the Warm Springs Reservation of Oregon, Columbia 
River Inter-Tribal Fish Commission (CRITFC)), and non-governmental organizations (NGOs) (North 
Fork John Day River Watershed Council, The Freshwater Trust).The collaborative nature allows for 
more creative project planning and for input from people with diverse backgrounds and across 
agencies. For example, ODFW’s work with juvenile movement data inspired conversations between 
ODFW, CTWS and CRITFC, which inspired a CRITFC/Oregon State University project utilizing 
innovative parentage genetics study that also utilized data and resources from an ongoing fry 
emergence study.  Findings from assessments like this provide the basis for an adaptive 
management approach to assess ongoing / future restoration in the MFIMW. 


c. The IMW framework allows for continued development in our understanding of these topics. There 
isn’t a one-size-fits-all approach to restoration and recovery, so context matters, and the MFIMW 
provides the flexibility to think outside the box, continue to investigate and develop better science, 
and speed up the process of turning sound science and research into sound management at a local 
scale. 


3.  Research: 
a. Sampling of juvenile Chinook Salmon and steelhead during summer demonstrated that Chinook 


Salmon and steelhead were not present at water temperatures exceeding 22° and 24° C, 
respectively. Forward-looking infrared (FLIR) and fish distribution surveys conducted during 2006 on 
the Middle Fork John Day River indicated a two-order magnitude difference in parr density between 
the warm mainstem (19.5°C) and cooler tributary (15°C) habitats, suggesting that parr were using 
cold tributaries as thermal refugia to escape stressful or lethal temperatures in the mainstem. 


b. At the foundation of the MFIMW is the collection of consistent long-term datasets characterizing 
key phases of the salmon / steelhead lifecycles (e.g., spawning ground surveys for adult estimates, 
rotary screw trap operations for juvenile migrants) across treatment (Middle Fork John Day River) 
and reference watersheds (mainstem John Day and South Fork John Day rivers). A strength of the 
monitoring approach in the MFIMW is that the long-term data collection designed for watershed 
scale monitoring can also be used for finer scale spatial and temporal analyses (e.g., reach/project 
scale), to assess questions of restoration efficacy. 


c. Ability to assess productivity response at a scale that matches project objectives (site, reach, 
watershed). Effectiveness monitoring takes time and often requires a collaborative effort because 
the monitoring is too involved for any one organization. The MFIMW approach is key is for keeping 
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this collaborative effort alive. Additionally, it is extremely important to have a partnership 
committed to long term monitoring with the capacity to support long term monitoring objectives. 


Potlatch:  


● The Potlatch River IMW study design is scientifically based and monitors the key parameters to document a 
watershed-scale response to restoration activities, including adult abundance, emigration abundance, and 
freshwater productivity. 


● The monitoring framework is adaptable and allows us to respond to changing conditions in the basin as well 
as data needs of project implementers.  


● Monitoring data are used to help direct and prioritize future restoration actions and provides a feedback 
loop to the restoration implementers. 


● Products generated from the IMW are regularly distributed to the public and other stakeholders which 
generates interest and support for the project.  


● The Potlatch River IMW targets wild steelhead habitat restoration and the recovery of Potlatch River 
steelhead is vital to recovery efforts of Clearwater River basin Major Population Group (MPG).  


Pudding: IMWs provide a platform for experiments to evaluate restoration effectiveness and look at long term 
trends in fish production and freshwater and marine survival. These findings can then be applied in other 
watersheds and populations to guide restoration and understanding of populations trends and life history 
strategies. They are equally as important to determine when some restoration strategies do not work, or if there 
is new information about what may be driving populations, so we may shift efforts for recovery if needed. 


Skagit: The strongest elements of the IMW are 


1) This is the only IMW targeting habitat restoration for Chinook Salmon in Puget Sound and is located in a 
system dominated by natural-origin fish. 


2) The two forks of the Skagit provided a straightforward way to test BACI (Before-after-control-impact) designs 
because initially all restoration was focused on the South Fork of the Skagit, leaving the North Fork as a control. 


3) The Skagit has benefited from a six year (1994-2000) pre- restoration monitoring within the delta, matched in 
those same years by outmigrant monitoring. 


4) The types of restoration examined by the IMW comprise high- priority projects by Skagit’s lead entity. Hence, 
we are confident that projects are “in the pipeline” to produce a tidal wetland restoration effect. 


5) SRFB IMW funds would more efficiently be used by leveraging them with existing funding commitment of the 
Skagit IMW PIs’ own funding sources and additional funding through WDFW for monitoring outmigrants. SRFB 
IMW funds support approximately 30% of the funds necessary to execute annual data collection called for in the 
Skagit IMW study plan. The remaining 70% necessary for annual data collection is provided by IMW PIs through 
other tribal, federal, and state funding sources. No IMW funding is provided for analysis and reporting. The 
Skagit IMW PIs have sought funding for analyses envisioned for completion over the next few years. 


Strait of Juan de Fuca: No response 


 


Question 4d 


What are you learning about the spatial scale of restoration needed to achieve population scale responses? 


IMW responses 


Asotin Creek: We treated a large portion of the study area (14/36 km or ~ 40%) and it appears that this was an 
adequate restoration scale to produce detectable results. However, the caveat here is that because we treated a 
large area, habitat changes are variable, some sections of the treatment have become very diverse … others not 
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so much. This is why maintenance is so important – we keep adding wood where the responses are less until the 
whole treatment is complex.  


We are learning that the three streams are responding differently to the treatments. Fish responses are 
NF>SF>CC generally but habitat responses are SF>CC>NF. We are still assessing the fish and habitat responses 
and have not used other parameters (temperature, discharge, adult escapement, etc.) to explain these results so 
far. We also need to complete a full round of maintenance on all three treatments to better compare the three 
streams responses.  


Bridge Creek: The experimental design for this IMW was hierarchical where treatment control pairs occurred 
within the watershed and between watersheds. Differences in fish responses between treatment and control 
pairs within the watershed were difficult to detect because 1) the treatment was not independent from the 
controls (i.e., beavers started building dams in both treatment and control reaches) and 2) the number of 
recaptured juvenile steelhead was not sufficient to obtain precise estimates in growth and survival at the reach 
level and thus had to be pooled across the watershed and 3) longitudinal differences throughout Bridge Creek in 
temperature can cross threshold levels that can limit fish production (in lower reaches), thus population 
responses can be highly influenced by amount and location of the watershed included in the IMW. 


Elwha: For Elwha River the primary limiting factors were that dams were not only barriers to upstream life 
histories, but also barriers to the transport of alluvium and wood necessary to support habitat forming 
processes in downstream reaches.  There have been complimentary restoration efforts to dam removal 
including tributary restoration, construction of engineered logjams, removal of floodplain dikes, floodplain 
revegetation and conservation of private lands.  These represent a large spatial and temporal effort.  There is 
more work to be done, but dam removal was certainly the largest event leading to measurable changes in 
populations at the watershed scale. 


Hood Canal: The restoration action that has proven most successful impacted the entire watershed. In Little 
Anderson Creek, replacing a barrier culvert near the mouth provided consistent fish passage to the entire 
watershed. By contrast, the response to a reach-scale LWD placement farther upstream was more muted. Thus, 
the scope (number and size of logs, spatial extent) of the Little Anderson LWD placement was not large enough 
to elicit a pronounced response, though that conclusion may change as the channel continues to evolve 
following treatment. A further nuance is that the LWD placement occurred after the culvert replacement, and it 
appears that the culvert replacement released the population from habitat capacity constraints, which may have 
contributed to the more muted response to LWD placement (see response to question 4d). 


The lesson for restoration is to think big and pursue projects that have potential to enhance habitat quality or 
access across a large geographic area. 


Lemhi: Large scale habitat improvements are necessary to accrue significant changes in productivity that would 
support the recovery of ESA listed fish in the Lemhi River. However, a sufficient amount of time is necessary to 
develop large scale restoration actions. In some instances, landowner participation and acceptance, design 
development, and acquiring sufficient funding can take more than a decade to complete. Once a habitat project 
is completed, research, monitoring, and evaluating fish response to habitat actions can require a substantial 
amount of time and effort, especially when taking into consideration the anadromous life cycle. Thus, large 
spatial scale habitat restoration projects require a tremendous amount of time and energy to achieve a 
population scale response.  


Lower Columbia: Restoration planning at the watershed scale appears to be more efficient and effective than 
piecemeal restoration. For example, it is estimated that instream habitat treatments in the Abernathy Creek 
basin have impacted approximately 30% of salmon habitat, including 11.8 km of instream habitat, 1.3 km of off-
channel and side-channel habitat, 0.19 km2 of riparian area, and 2.7 km of improved fish passage. Restoration 
treatments should target specific problems and be sized to the stream reach in which they are placed. We are 
encouraged by recent increases in juvenile Coho Salmon and steelhead production in Abernathy and Germany 
creeks after just a few years of fish passage improvement and large-scale wood placement actions. 







62 


Methow: That perhaps restoration at the subbasin scale is too small to effect change at the population scale. So 
many outside influences. Bull Trout populations may provide a good opportunity to assess in-basin effects, as 
they do not migrate to the ocean, but this has been hampered by large-scale disturbance (mostly fire) across 
much of their spawning and rearing habitats which has strongly influenced their recent populations trends.  


Middle Fork John Day:  


1. Habitat restoration to reduce stream temperatures needs to be large in scale and targeted to reaches with 
the greatest potential for influencing change. This is particularly true in riparian planting  locations where 
reaches do not need major restoration in the channel to restore floodplain and water table function to 
promote vegetation growth. 


2. Riparian vegetation restoration, providing shade to the stream channel, has great potential to address 
stream temperature concerns, but riparian maturation takes significant time and careful stewardship to 
ensure success.  


3. The role of NGO’s has proved to be vitally important for the MFIMW, with the Nature Conservancy playing 
an important role in the acquisition of conservation properties within the MFIMW, which has recently been 
transferred to the CTWS to manage in perpetuity. A more recent example of this is the recent acquisition of 
an impaired section of the Middle Fork John Day River with high conservation value (Phipps Meadow) by the 
Blue Mountain Land Trust. 


4. Vegetation species that are susceptible to grazing disturbance but are well-adapted to fluvial disturbance 
with stabilizing root systems can colonize gravel bars and bank bases, expand toward the water’s edge, and 
stabilize these edges. Carex nudata, in particular, may accelerate this process. C. nudata establishes along 
the edge of the low-flow summer channel, stabilizing the leading edge of any open areas and facilitating 
further colonization and infilling of the channel. 


5. In the context of passive restoration, in-stream geomorphological change may proceed at a slower rate and 
may follow behind, dependent upon these initial system-wide changes in greenline vegetation and 
narrowing of the channel. 


6. Our findings imply that in future restoration projects, the role of passive restoration should be explicitly 
identified and monitored. Restoration strategies should consider which riparian vegetation species might 
respond, and which might not, as well as the implications of that response. The response of vegetation 
through passive restoration should be used as a restoration tool. Active restoration of riparian vegetation 
(planting) also can be important, but it should be planned in concert with response to passive restoration. In 
addition, our results showed that passive + active restoration (including instream habitat restoration) has 
positive effects, sometimes outperforming passive restoration alone.  


Potlatch:  


● Restoration treatments need to be concentrated in focused areas in order to treat enough habitat to 
generate a population-level response. This requires a great deal of coordination among restoration and 
funding partners.  


● Modeling exercises and observations suggest the large-scale restoration projects (or accumulation of 
smaller-scale projects) are needed to achieve population scale response. For example: 


○ Life cycle models suggested three passage barrier/ & flow augmentation projects could generate a 
significant improvement in smolt production. However, the scale of these projects is extensive and 
together they would effectively double the linear amount of rearing habitat currently available in 
the drainage.  


○ Nearly 7 miles and 220 acres in the Corral Creek have been treated with meadow restoration 
projects to improve flow conditions in the drainage. However, we have not documented a positive 
increase in flow conditions (i.e., amount or duration of wetted habitat) as a result. Techniques such 
as meadow restoration or riparian plantings take a long time to mature and become fully functional 
and require a vast amount of area to be treated to generate watershed-scale responses.   


○ In the East Fork Potlatch River nearly 14 km (approximately 20-25% of core juvenile steelhead 
distribution area) has been treated with LWD treatments to increase habitat complexity. We have 
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begun to observe positive improvements to emigrant age, growth, and survival during recent 
treatment years.  


Pudding: The restoration design was to whole watershed approach to strategically place large wood throughout 
the 80% of watershed to increase habitat complexity and produce significant and measurable fish response. 
While this provided full watershed coverage and wood levels increased, they are still below target levels 
described in recovery plans for Coho Salmon. We did not see much change in the habitat metrics evaluated 
during the study. Because the accelerated recruitment method is intended is to initiate and restore natural 
wood recruitment processes, it may take more time and natural recruitment to meet target levels and begin to 
see more of a habitat and fish response. 


Skagit: We have learned that within the course of the IMW, the pace of restoration is likely too slow to detect 
large changes in the adult populations. To date, 10% of the estuary restoration goals laid out in the recovery 
plan have been implemented. We have observed responses to restoration (changes in size, changes in 
residence) but not major changes in marine survival (although results provide some indication they are moving 
in the right direction). Additional funding through another project may allow us to examine marine survival 
responses in comparison to other populations with less restoration. 


In addition, juvenile Chinook Salmon outmigration abundance has been skewed to the lower than average range 
in the recent decade when more restoration has been completed. This fact causes limitations in our ability to 
use a stock-recruit function as a main analytical tool. It would be statistically helpful to have some larger 
outmigrations in upcoming years. 


Strait of Juan de Fuca: A full suite of restoration activities that saturate the watersheds is necessary to effect a 
noticeable result, especially in heavily-impacted areas. These activities include, but are not limited to, road 
decommissioning, riparian planting, bank stabilization, LWD placement, and barrier removal.  Wood placement 
in particular takes time and effort to get right.   


 


Question 4e 


Share any insights regarding the importance of restoration sequencing and watershed location to effective 
restoration strategies.  


IMW responses 


Asotin Creek: We used a staircase restoration experiment where 2-4 km (1.25-2.5 miles) of stream was treated 
in different years (2012, 2013, 2014, 2016). The benefits of this approach is it is logistically and economically 
easier to implement the restoration and there is less chance that a "year effect" (e.g., drought or large flood) will 
bias the experiment results. The Asotin Creek IMW was implemented in the mid-upper portion of the watershed 
where habitat conditions were not severely degraded and there were decent numbers of fish already. This likely 
also helped us detect a change because the treatment created better habitat, but the basic processes (stream 
flow and temperature) and populations (juvenile steelhead) were healthy enough to respond to the treatment. 
This setting also had a low LWD frequency as a primary cause of low steelhead production. Locations in the 
watershed where high temperatures, low flow, and very low population levels exist may not have responded to 
LWD additions because there are more limiting factors in play. This suggests that a "top-down" restoration 
strategy where typically upper elevation "refugia" be expanded downstream rather than trying to restore highly 
degraded low elevation areas first.   


Bridge Creek: The goal of projects employing BDAs should include how the system will be self-sustaining. This 
can occur either by having a goal of having beaver maintaining the system or applying treatments in phases with 
maintenance until stream incision has been reversed and floodplains are reconnected (i.e., pushing the system 
to stage-0). Thus, this restoration (and probably all restoration) is not a one-and-done practice as is commonly 
assumed. 







64 


Elwha: We think there is an argument to be made that efforts to restore the lower river prior to dam removal 
were complimentary to dam removal.  In particular the removal of old push up dikes in combination with the 
installation of 60 ELJs between river mile 1.0-3.5.  These increased connectivity to floodplain forests resulted in 
new side channels.  The ELJ's also formed scour pools that maintained even through peak sediment yield.   


Hood Canal: We feel our overall results support the approach of prioritizing connectivity projects (read 
crossings, floodplain reconnection) before improving channel structure (LWD placement). 


Lemhi: Watershed location and scale as well as restoration sequencing is important when designing habitat 
restoration projects. Selecting the appropriate location of a habitat restoration site is based on species specific 
life history strategies, the habitat metrics required by individual life stages, and the limiting factors affecting 
their persistence. Data collected from the research, monitoring, and evaluation of fish populations enables 
project managers to target specific fish life stages, prioritize important tributary reaches, and develop 
appropriate restoration actions to achieve the best biological outcome. The watershed scale at which a 
restoration project is based on is dependent upon the effects to the watershed. In the Lemhi River basin, 
tributary reconnection efforts have been successful when specific projects have been sequenced to allow for the 
best outcome while reducing effects to the resource 


Effective restoration strategies also require restoration sequencing at the project and reach scale. Habitat 
improvement projects should be implemented in a manner to efficiently address limiting factors while reducing 
direct effects to fish and their habitat from associated construction activities. For example, floodplain 
rehabilitation efforts (constructing channels, grading floodplain areas, installing LWD and other types of logjams) 
are typically constructed off channel, and then connected to the active river when in-water work windows allow 
for such activities.   


Lower Columbia: Large wood additions and engineered log jams have been an important restoration treatment 
in the LC IMW complex, particularly in Abernathy Creek. Scale seems to be an important factor, with increases in 
Coho Salmon productivity in the last 4 years associated with treatments of 30% of salmon habitat. Wood 
additions are also designed to increase floodplain connectivity by raising the water table in highly incised 
channels. Landowner willingness is extremely important in restoration sequencing for these actions, as property 
may be directly impacted by the water level change.   


Methow: We are working now with our Upper Columbia prioritization framework which will guide locations, less 
so for sequencing, moving forward. We have had very little coordinated sequencing in the Methow, it's not been 
in place. Mostly it was to address the 'low hanging fruit' first then move elsewhere. We have used the Upper 
Columbia Biological Strategy for years to guide what types of restoration and where and this has been a 
prioritized approach. I would say this has been very important and the Upper Columbia Regional Technical Team 
and Upper Columbia Salmon Recovery Board deserve great credit for their work on the Biological Strategy and 
Prioritization.  


Middle Fork John Day:  


 


• Successful actions identify and treat the primary factor limiting fish abundance, distribution, and 
productivity within watersheds (Hillman 2019).  Early restoration in the MFIMW may not have focused on 
actions to adequately treat the primary limiting factor.  


• In some locations, restoration practitioners took the approach to first restore stream process and function 
that would then allow riparian vegetation to recover over time. Efforts are now shifting to focus more on 
implementing riparian vegetation restoration across previous implemented projects and integrated into new 
restoration projects.   


• To maximize benefits from restoration actions, restoration practitioners should identify and target cold-
water input locations (including instream and tributary confluences) for more effective habitat 
improvements.   
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• Carefully consider the potential trade-offs between restoration actions during planning and design phases. 
Keep in mind the long-term benefits of increasing habitat quality/quantity and vegetation recovery with 
other factors, such as short-term elevated stream temperatures. 


• Prior to implementation, determine whether restoration plans will increase stream surface area at low flow; 
models show that greater surface area could further elevate water temperatures. However, other long term 
ecological functions that should reduce stream temperatures over time generally outweigh short term 
temperature impacts. These long-term ecological functions include but are not limited to increased 
floodplain connection and increased water table to promote vegetation growth. 


• Watershed location is likely an important determinant of the efficacy of restoration actions in the MFIMW. 
Impaired sections of the Middle Fork John Day River, including private land near Bates, OR and Bates Pond, 
occur upstream of ongoing and future large scale restoration projects on CTWS properties. The spatial 
patterning of ownership and land management practices creates persistent challenges for restoration 
practitioners in the MFIMW.  


 


Potlatch:  


● Watershed-level geomorphic assessments are one of the most effective ways to help identify and prioritize 
sequencing and strategies. However, funding for these assessments is difficult as funding is prioritized 
toward design/implementation. 


● There is a definite need for restoration sequencing and location to maximize the benefits of habitat 
restoration. For   example, it makes no sense to conduct instream habitat treatments in an area upstream of 
a passage barrier before the barrier issue is addressed. Likewise, it is ineffective to conduct instream habitat 
treatments in locations where the target species are not located.  


● It is generally best to start lower in a drainage and work upstream; however, there are examples when it is 
better to work from “top down.” For example, maintaining and securing stable base flow conditions through 
flow augmentation techniques should occur before any instream restoration projects are implemented.  


● It is desirable to try to build off successful projects and link projects together to effectively treat a larger 
reach versus tackling individual projects piecemeal in a drainage.  


Pudding: The accelerated recruitment was a cost-effective approach to treat a large portion of the watershed all 
at once. The method is intended to mimic the process of natural wood recruitment within the active channel. 
The Pudding Creek watershed is located almost entirely within privately owned timber, with good access to the 
stream to deploy this wood loading strategy.  As far as sequencing, this treatment was done all at once. It will be 
important to reassess to determine the rates of natural recruitment, habitat change, and if there should be 
retreatment of wood. 


Skagit: Analyses suggest that connectivity to the mainstem source of juvenile Chinook Salmon migrants strongly 
predicts use of estuarine wetlands. Hence, restoration projects closer to the initial forks would likely see higher 
effectiveness in terms of utilization by fish. 


Strait of Juan de Fuca: Restoration actions have occurred over a two-decade period.  Restoration has attempted 
to be holistic and watershed scale but in reality has focused mostly on the anadromous reaches.  Study 
watersheds have been heavily impacted by historical land uses and the effort to reverse these impacts will take 
time, possibly well beyond our ability to sustain them.  We have been iterative in our approaches to restoration, 
particularly large wood projects.  We have found that our two-stage approach to wood restoration in proving to 
be effective.  Stage one projects were older ground based using small aggregations of wood (primarily cut logs).  
These were effective at initiating channel recovery processes.  Stage two projects are newer and helicopter 
based and used designs that included channel spanning logjams.  In low gradient unconfined reaches, the 
combination has resulted in increased floodplain reconnection. 
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Question 4f 


Are there factors not being addressed by restoration treatments that are limiting fish response? Predation, 
competition, climate change, ocean conditions, land use, harvest, hatchery, etc. 


IMW responses 


Asotin Creek: Yes - ocean conditions, eight mainstem dams (4 on Columbia RIver and 4 on Snake River), 
commercial and recreational harvest, historical channelization, and current infrastructure (houses, feedlots, and 
roads) within the floodplain. Beaver populations appear to be suppressed by predation from bears and cougars, 
limiting population growth. Riparian areas have been mostly protected and historical planting has helped 
recover young riparian forests. However, much of the floodplain on the mainstem Asotin Creek flows through 
private property where the river is confined by levees and rip rap - reducing the extent of active floodplain 
significantly. In the IMW area, there is less infrastructure in the floodplain but there are still areas where 
floodplains appear to be disconnected by historical channelization and rip rapping. We are focusing more on 
floodplain connection with our ongoing maintenance and adding BDAs, and will have better idea of the percent 
disconnected and the potential for reconnection after further analysis.  


Bridge Creek: Much of the valley bottoms in Bridge Creek are still irrigated for planted crops thus water use and 
upland landuse is still having impacts to fish habitat. Bridge Creek has sections that can reach lethal 
temperatures during warmer summers. Climate change and water use can exasperate impacts of temperature. 
This IMW does not account for any out-of-watershed responses that are undoubtedly important (e.g., mainstem 
dams and reservoir operation, ocean conditions, harvest and predation. 


Elwha: The Elwha River is fairly unique in that 83% of the watershed is protected within the boundaries of 
Olympic National Park.  The river is also mostly undeveloped and has an intact floodplain.  Complimentary 
restoration actions are also occurring in the lower river, tributaries and former reservoirs.  Probably the biggest 
unknowns revolve around the impacts of marine fisheries and ocean conditions on Elwha River stocks. 


Hood Canal: I think one relevant point of emphasis here is that restoration of freshwater habitat conditions can 
only get you so far for a species that inhabits the marine environment for half its life. Over the course of our 40-
year time series at Big Beef Creek, we have observed a long-term decline in Coho Salmon marine survival, and 
during the IMW era, harvest rates have often exceeded 60%. We suspect that these two factors are part of the 
reason that Little Anderson Creek was consistently below habitat carrying capacity in the years surrounding the 
LWD addition, potentially leading to the muted response to LWD placement that we have observed so far. 


Lemhi: Factors that make it challenging to address fish response to habitat actions include predation, 
competition, ocean conditions, land use, and harvest. Concern has been raised in regard to Bull Trout predation 
on juvenile Chinook Salmon. Competition between native and non-native species is assumed but can be 
challenging to address. Currently we are evaluating potential effects with the presence of non-native Brook 
Trout utilizing rearing habitat for juvenile steelhead at the treatment and reach scale. Additionally, other factors 
such as ocean conditions, Federal Columbia River Power System, and harvest (commercial and recreational) 
influence adult salmon and steelhead returns to the Salmon River basin. In recent years, adult returns to the 
Lemhi River have been low enough to limit our ability to assess fish responses to restoration treatments.   


Lower Columbia: Habitat restoration in the LC IMW watersheds has largely focused on increasing quality habitat 
for overwinter rearing and survival. Evaluating density dependent relationships related to overwinter survival 
may be a more direct evaluation of population response to habitat actions in these stream networks. A 
comparison of Coho Salmon parr overwinter survival “before restoration” and “during restoration” shows an 
increase in overwinter survival in the treatment watersheds (Abernathy and Germany) and decrease in the 
control watershed (Mill) over the course of the study (brood years 2004-2018). 


Methow: We are doing almost no work on predation, ocean conditions, land use and development, harvest, etc. 
So, I would say there are a host of LFs that are not being addressed. Mostly it's been the habitat related LFs that 
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have been the subject of monitoring efforts. Exceptions include hatchery program monitoring and the 
development of aquatic productivity models.  


Middle Fork John Day: Climate change (drought conditions, lower snowpack), Columbia River passage, ocean 
conditions, overshoot at Columbia River dams by adult steelhead, downstream passage and water conditions 
(e.g., low flows as a result of water diversions and climate conditions) 


Potlatch: Factors not being addressed directly by restoration treatments include poor ocean conditions for 
marine survival, migration through the hydrosystem, climate change, and land use changes. Restoration 
treatments may indirectly address some of these issues by creating refugia during critical periods or by 
producing more “fit” fish (i.e., larger and older), but these issues can confound the final assessment.  


Pudding: The addition of wood should work to increase habitat complexity and help build resilience to climate 
change impacts (ex. increased summer habitat in response to lower base flows in drought; flow refugia in winter 
in response to higher more extreme winter flows) However, extended drought, changing ocean conditions and 
flow timing will likely limit fish response. The truncated rain season (starting later and ending earlier) influences 
timing and magnitude of flows the opening and closing of bar-built estuaries, which can block or delay adult and 
juvenile migration.  


Skagit: One likely challenge confounding our ability to detect effects of restoration on Chinook Salmon is that 
there have not been many bonanza years of Chinook Salmon abundance. Bonanza years are years of high 
productivity and abundance that go well beyond the system’s capacity; in our case is when we have extreme 
numbers of in-river outmigrants. Those years would produce the greatest effects of restoration-based changes 
because more fish would benefit from the restored wetlands. 


We have 27 years of data. Since our more continuous restoration period starting in 2007, however, we have only 
observed river outmigration abundances exceed expected capacity once in 2013. We would benefit from more 
observations at these higher abundances. In this respect, low marine survival is likely having a strong effect on 
population response. 


Strait of Juan de Fuca: Ongoing land use impacts including mass wasting from mid-slope roads has impacted 
watersheds in some years.  However, the overall trend in the SJF has been a dramatic reduction in the rate of 
landslides as compared to the 1980's-1990's period.  Road abandonment and Forest Plan restrictions on logging 
oversteepened lands has been effective.  A huge factor that has not been addressed is the marine survival of 
Coho Salmon as affected by ocean conditions. 


 


Question 4g 


What are you learning about salmon life history (e.g., run timing, abundance, juvenile 
emigration/outmigration timing, etc.)? What are you learning about the relationship between salmon life 
history and in-stream restoration and overall habitat diversity? 


IMW responses 


Asotin Creek: We have an excellent resource in the Asotin with the fish in-fish out monitoring managed by the 
WDFW which has been running since 2004. WDFW has an efficient adult weir and smolt trap and provides good 
estimates of escapement, emigration, age, size, and sex structure, run timing, etc.- see Herr et al. 2020). WDFW 
have identified 25 different life-histories with the dominant being 2.1 and 2.2 adults (totaling 68% of all 
returning adults). We hope to add to the list of life history diversity detected with further analysis of IMW fish in 
the tributaries that appear to have a larger resident component and spend more time in fresh water. 


Bridge Creek: No response 


Elwha: Increased life history diversity was a predicted response to the removal of the Elwha River dams and 
adaptive management guidelines recognized the importance of life history diversification to the recovery of 
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Chinook Salmon and steelhead in the basin. Given the considerable longitudinal differences in habitat 
characteristics in short, coastal rivers such as the Elwha River (e.g., temperature, gradient, floodplain valley 
width), colonization of upstream habitats may present new environmental conditions. Diversification of habitat 
niche utilization during colonization can increase life history diversity, and in turn, benefit abundance and 
productivity. In Puget Sound, snowmelt river conditions favor early adult spawning and stream-type juvenile 
rearing strategies in Chinook Salmon, but occupancy of these headwater habitats is under-represented in the 
region due to dams, restricting life history diversity. 


Specific life history types of Chinook Salmon and steelhead in the Elwha River where thought to be part of those 
populations historically, including spring Chinook Salmon and summer steelhead, due to the environmental 
conditions and geomorphic characteristics of the Elwha River basin. The cold-water stream temperature regime 
above the dams had been thought to be conducive to slower growth rate and overall size of juvenile Chinook 
Salmon, creating a growth trajectory favoring the stream-type life history characterized by one year of 
freshwater rearing prior to outmigration. Similarly, summer steelhead were hypothesized to predominate in the 
upper Elwha River basin due to its series of canyons interspersed between alluvial valleys, creating habitats 
conducive to that life history. 


Summer steelhead have been documented over the last four years, increasing in numbers from 2015 to 2019. 
The “reawakening” of the summer steelhead life history strategy in the Elwha River, particularly since 2017, is a 
positive sign that the ability of fish from the basin to express this life history strategy is a response to dam 
removal and re-connectivity of the watershed. Configuration of the Elwha River watershed and potential genetic 
disposition of resident O. mykiss could both play a role in this life history re-expression since dam removal. As 
we have already stated, the Elwha River is a series of alternating alluvial and canyon reaches, and it has 
generally low stream temperatures for the majority of the basin across the year, both of which favor expression 
of the summer steelhead life history. Preliminary genetics work completed suggest that these fish are most 
likely originating from the resident population of O. mykiss above both dams, owing to the harboring of alleles 
for early run timing in the up-river population. 


Hood Canal: We have been collaborating with scientists at Simon Fraser University to investigate changes in 
smolt migration timing over the course of our fish time series, which runs back to the early 1990s (Seabeck, 
Little Anderson, Stavis creeks) or late 1970s (Big Beef Creek). In our IMW study streams, Coho Salmon smolts are 
now migrating earlier in the season, with a rate of change of several days per decade. This is consistent with the 
hypothesis of more rapid species phenology in a warmer climate. At a broader scale, by examining data 
compiled from Alaska to California, our collaborators have found that rates of smolt timing change are hard to 
predict according to geography. Thus, a “predict-and-prescribe” approach to conserving salmon populations 
impacted by climate change is unlikely to be successful, arguing for protection of diverse habitats and diverse 
life histories. 


Lemhi: The IMW has provided an opportunity to learn about the diverse life history strategies of salmon and 
steelhead and how specific life history strategies relate to in-stream habitat diversity. Over the years, we have 
monitored run timing, species abundance, juvenile outmigration, and adult escapement of salmon through a 
variety of sampling methods (i.e., rotary screw trapping, mark-recapture electrofishing, spawning ground 
surveys, radio telemetry, and PIT-tag arrays).  


● Juvenile salmon will emigrate from the Lemhi River at various life stages. We have observed age-0 salmon 
migrating out of the Lemhi River, some of these fish are detected at Lower Granite Dam relatively soon after 
leaving the Lemhi River, while others are detected at the dam at a much later date (reared in the Salmon or 
Snake rivers), and a majority go undetected.  


● Early migration behavior of age-0 fish may be in part a result of poor overwintering habitat in the Lemhi 
River. Juvenile salmon that choose to overwinter in the upper Lemhi River have a better survival rate than 
fish that move down river to overwinter. This is likely a result of poor habitat conditions in the lower Lemhi 
River.  
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● From the 2017 Upper Salmon Subbasin Integrated Rehabilitation Assessment (USSIRA), we have learned that 
the Lemhi River is limited in overwinter habitat capacity (the amount of specific habitat needed for juvenile 
salmon to survive through winter). There is a need for reduced velocity, deep pools, floodplains, and woody 
debris for juvenile fish in the lower Lemhi River. Creating habitat diversity is expected to result in more 
juvenile fish overwintering in the Lemhi River and emigrating as age-1 smolt (rather than age-0) where they 
are larger in size and have a better chance of survival to the ocean.   


For a detailed explanation, please see the USSIRA 2017 report prepared by Quantitative Consultants, Inc., RIO 
Applied Science and Engineering, U.S. Bureau of Reclamation, Idaho Governor’s Office of Species Conservation, 
Trout Unlimited, and the Nature Conservancy, Boise. 


Lower Columbia: In the LC IMW complex, we are learning a lot about juvenile Chinook and Coho Salmon life 
history diversity. We have found that density affects the migratory life history expression of juvenile fall Chinook 
Salmon (i.e., fewer parr with increasing juvenile abundance). We have also found that tributary and headwater 
reaches are important habitats for producing spring Coho Salmon smolts. Analysis of Coho Salmon apparent 
overwinter survival data showed that upper reaches of the LC IMW basins are more likely to produce spring 
smolts, and Coho Salmon that are larger at the end of the summer are more likely to be detected as spring 
smolts. Data from our smolt trap in Abernathy Creek that operated through fall 2019 also indicated that a large 
proportion of Coho Salmon emigrate from their natal streams during the first year of residency beginning in mid-
September. There is still a lot to learn about the contribution of the fall migrants to the overall adult return. 
Additional insight into apparent overwinter survival has come from observations of a fall migrant life history. 
The emigration of subyearling Coho Salmon from their natal streams in fall may partially explain the observed 
overwinter survival patterns, suggesting that the expression of this life history may be related to overall habitat 
conditions in the basin. 


Methow: There is much diversity in life history and habitat use. We seem to learn something new all the time. I 
see the releases of hatchery fish make determining the effectiveness of restoration and habitat efforts more 
challenging. Couple that with recent and extensive fires (disturbance) also contributing to noise. We have very 
little project sequencing so effects can be masked by multiple projects occurring in the same reach. We do see 
lots if sue of wood structures and floodplains post-restoration, but the fate of the fish using these areas is largely 
unknown. It may come down to how much inference one is comfortable taking on.  


Middle Fork John Day:  


1. Average redd counts and spawner abundance remained static, Chinook Salmon redd density (redds/km) on 
the Confederated Tribes of Warm Springs’ Oxbow Conservation Area more than doubled after restoration, 
as spawning shifted from upstream reaches to restored reaches where disturbance occurred.  


2. We are evaluating differential survival and fish-habitat relationships at restored and unrestored sites where 
habitat was intensively measured at a reach scale. Recent juvenile movement tracking efforts suggest an 
over-summer survival bottleneck and tracking data will be used to identify survival patterns for restored and 
unrestored reaches. 


3. The importance of tributaries for Chinook Salmon parr to access thermal refugia – building on work from 
other research to confirm this finding.  


4. Exceptionally hot and dry conditions of summer 2021 drive home the importance of habitat diversity that in-
stream restoration would ideally provide in the face of the current climate crisis.  


5. Work by various partners relating fish distribution to summer stream temperature provided important 
empirical evidence that stream temperature is a key limiting factor for juvenile salmonids in the system. 
Recent publications using data collected in the MFIMW highlight the crucial role stream shading will play in 
efforts to combat increasing stream temperatures in the system (Hall et al., 2020; Wheaton et al., 2018).  


6. Outmigration timing: Examining outmigration timing has informed population limiting factors. In the Middle 
Fork our tagging efforts and antenna network have allowed us to understand outmigration timing of fish in 
the upper Middle Fork, which indicates over-winter rearing habitat is limited.  
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7. Thermal refugia: From the ten-year summary report we know temperature is limiting in the mainstem 
Middle Fork John Day River and that reducing temperatures in the mainstem is crucial for rearing habitat. 
Identifying, protecting, and promoting thermal refugia, including tributaries, is going to be critical to the 
survival of salmonids during heat spikes. This year we have observed fewer than average fish in the 
mainstem, but high densities in the tributaries. These data are very applicable to other populations as our 
results indicate the way we view spawning and rearing habitat may look very different in a warming climate, 
and in some cases may not even be the same river (i.e., spawning in the Middle Fork and rearing in the 
tributaries).  


8. We hope to learn from 2021 monitoring, how survival is influenced by habitat characteristics and rearing 
location. We will be looking at how rearing in a tributary vs. mainstem impacts survival as well as how 
rearing in the upper Middle Fork John Day River (unrestored, very simple), vs. the CTWS restored Oxbow 
Conservation Area (restored and diverse) habitat influences survival.  


9. We are still learning about salmonid-habitat relationships, especially at the juvenile life stage.  Data are 
especially limited for the <65mm (i.e., PIT-tag sized) juvenile salmonids, and the egg-parr life-stage.   


Potlatch: We have documented a wide diversity of steelhead life histories in the Potlatch River with distinct 
differences between the index watersheds. Of note, we have observed differences in peak emigration and 
escapement timing between the watersheds. Also, we have documented differences in emigrant age structure 
and survival between the watersheds. We are learning that life history characteristics are not static and can be 
influenced by changing habitat conditions as documented by the recent shifts in the East Fork Potlatch River. We 
have also gathered knowledge about the prevalence and importance of resident O. mykiss and their relationship 
with anadromous steelhead in the Potlatch River basin.  


Pudding: We have learned Coho Salmon juveniles that spend two summers in fresh water are present every year 
but go undetected because of overlap in size with one-year smolts. While growth rates and size also drive 
outmigration timing, the two- summer freshwater life history is likely more prevalent under drought conditions 
when low flows delay or block passage. We found that when Coho Salmon were blocked from returning to their 
natal watershed due to lack of rainfall and closed sandbars at the mouth in 2014-15, the cohort was rescued by 
previously unrecognized life history diversity in our watersheds; namely fish that were born in 2012-2013 that 
spent two winters in fresh water and two summers in the ocean. This life history emphasizes the importance of 
diverse habitat for different life history expression. 


Skagit: We have learned a lot about density-dependent and -independent factors affecting Chinook Salmon fry 
in the estuary. In addition to strong density-dependent effects of outmigration numbers, body size is influenced 
by temperature, timing is influenced by temperature and peak flows, and abundance of pink-salmon like fry 
migrants in Skagit Bay is related to peak flows. 


One of the most fascinating aspects of local project monitoring work (not IMW-funded) include findings of non-
natal habitat use by juvenile Chinook Salmon that bypass the natal estuary. These include nearshore lagoons and 
bay shorelines, and even non-natal creeks that they swim into after moving through the marine nearshore. 
Based on timing, residence, and growth results, these non-natal habitats appear to perform the function of the 
natal estuary. 


Strait of Juan de Fuca: Life history monitoring has yielded valuable information for Coho Salmon and steelhead.  
Results are summarized in:  Bennett et al. 2014 Nomads no more: early juvenile Coho Salmon migrants 
contribute to the adult return.  Ecology of Freshwater Fish  doi:10.1111/eff.12144.  Hall et al. 2016 Life history 
diversity of steelhead in two coastal Washington Watersheds.  Transactions of the American Fisheries Society 
145:990-1005. 
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Question 4h 


What are you learning about the role of floodplain and upland land use in shaping habitat conditions and 
achieving restoration outcomes? 


IMW responses 


Asotin Creek: Asotin Creek was one of the first watersheds in Washington to have a Model Watershed planning 
process implemented and completed in 1995. The focus of restoration efforts as a result of the model 
watershed plan were to improve upland farming practices and fence off riparian areas in the Conservation 
Reserve Enhancement Program to let them recover. When the Asotin Creek IMW started in 2008 it was 
apparent that the earlier restoration actions had improved upland farming and thereby reduced erosion and 
excess sediment entering Asotin Creek, and much of the riparian areas were recovering providing shade and 
source or organic matter to the streams (leaves and small woody debris). These past actions allowed us to 
identify that the largest limiting factors left to address were lack of large woody debris, lack of overbank flow, 
and disconnection of floodplain pockets throughout the IMW study area. Our data to date suggests that the 
addition of wood has increased fish production, but further gains could be made if the remaining disconnected 
floodplain areas are re-engaged with more regular flows and potential active side-channels even during low flow 
periods (i.e., summer).   


Bridge Creek: Active floodplains are critical to a properly functioning riverscape. The increase in water storage 
and riparian vegetation was observed in this IMW as the floodplain was reconnected. Reconnected floodplains 
allowed for a 1200% increase in side channels. The increase in side channels and woody vegetation (mostly 
willow) likely provides critical fish habitat for both high flow (flow refugia) and low flow (increase of available 
habitat) conditions. Also, a decrease in temperature was observed with increase beaver dam activity likely 
though an increase in lateral and vertical hydrological connectivity. 


Elwha: The connection between upland land use, or lack thereof in the case of the Elwha River, and adjacent and 
downstream floodplains has been critical to the success of the dam removal. The upstream area housed over 
15million cubic meters of sediment that was routed downstream. The connected, forested floodplain became a 
great storage area for the upstream sediment. Approximately 50% of the upstream sediment that stayed in the 
river was in the floodplain and side channels. Having a relatively intact uplan area and a functioning floodplain 
helps to dampen impacts, whether they be from long term land use or short-term restoration impacts. 


Hood Canal: A major floodplain reconnection project (4.5 hectares of wetland reconnected) was completed in 
Big Beef Creek 2016, and it appeared to substantially increase the availability of high-quality overwinter habitat 
for Coho Salmon.  We plan to evaluate the fish response to increased access to wetland habitat in the coming 
years. 


Lemhi: In the Lemhi River basin, floodplain and upland use has reduced or eliminated the natural processes that 
create healthy and diverse riverine habitats. In addition to loss of key habitat attributes, removing floodplains 
results in degraded water quality.  Reduced water quality from upland use includes increased sedimentation, 
warmer water temperatures, and reduced biological productivity. As a mitigation measure, project managers 
are focused on enhancing historical floodplains to restore some of these natural processes while creating better 
quality habitat for fish. Floodplains store water and increase flow from groundwater sources (recharge of ground 
water), and assist in flood and erosion control which reduces sediment inputs into the river and can lower water 
temperatures. They also provide wetland vegetation which creates shelter (predation avoidance) and food for 
juvenile fish. Most importantly, floodplains increase biological productivity in riverine system. Thus, floodplain 
rehabilitation projects are a great mitigation tool that creates ideal habitat conditions for fish.  


Lower Columbia: Upland land use (e.g., landowner property and agriculture) is a limiting factor when 
considering restoration activities that promote floodplain reconnectivity. Flooding is not the desired outcome of 
restoration in these areas. 


Methow: No response 
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Middle Fork John Day:  


1. Over the past two centuries, the Middle Fork John Day River incurred significant post-EuroAmerican 
settlement impact from beaver trapping, road building, clear-cut logging, fire suppression, channel re-
routing, floodplain/wetland drainage, grazing, and mining. Fortunately, the most damaging of these 
practices have since been curtailed and the watershed has good recovery potential. One of the most 
dramatic changes was dredge mining of a large portion of the Middle Fork John Day River in the 1930s, near 
what was then referred to as the Oxbow Ranch, resulting in destruction of floodplain vegetation and soils 
and a straight, trench-like channel. This change has been largely remedied by building a new meandering 
channel in the Oxbow Phase 2, 3, 4, and 5 projects in 2012-16. 


2. Implicit in stream restoration is the notion that there is a range of reference “pre-EuroAmerican settlement” 
ecosystem conditions, and that one can evaluate the degree of departure from this range in order to 
quantify ecosystem degradation or improvement. However, defining a specific, pristine “reference” 
condition for a watershed is untenable because natural disturbance processes have continually shaped river 
systems over time (Mann 2011). Metrics of restoration success should not be based on an imaginary static 
condition that once existed but focused on re-establishing dynamic natural ecosystem structure and 
function. These functions include riparian biodiversity and natural plant community regeneration, nutrient 
cycling between the floodplain and channel, maintenance of natural channel morphology through hydraulic 
processes, and resilience to natural disturbance processes such as floods and fires (Kauffman et al., 1997; 
Palmer et al., 2005; Williams and Reeves, 2006). Re-establishing and maintaining these natural processes is 
especially important to ecosystem resilience as the Pacific Northwest faces impacts from a changing climate. 


3. Expectations for restoration outcomes need to be tempered with a realistic understanding of the rate at 
which natural systems can recover from almost two centuries of Euro-American settlement and land use. 
Slow restorative processes, such as vegetative change, and those that manifest over generations of the 
target species require planning and monitoring over decadal scales. However, responses to restoration 
actions such as fish passage, channel reconfiguration, and cover enhancements require less time to observe 
a fisheries response and can be targeted successfully for shorter term experiments. 


4. Tributary inputs of cold water to the mainstem Middle Fork John Day River, rather than groundwater inputs 
from the mainstem floodplain, play the most important role in cooling the Middle Fork John Day River. 
Additional floodplain evaluation is currently underway for juvenile Chinook Salmon. We are currently 
investigating floodplain use by early emerging juveniles.  


5. We used a numeric model to investigate whether a Middle Fork John Day River floodplain reconnection 
project could mitigate late-summer low flows and elevated stream temperatures through increased 
mainstem flow by delivery of water stored in the floodplain, from high winter flows, in the summer. This 
restoration action was shown to be ineffective in the mitigation of summer water temperatures. It should be 
emphasized, however, that the floodplain reconnection has benefits to salmonid communities during high 
flow periods. Consistent with summer flows being generated from stored groundwater, it was also found 
that groundwater did provide significant cooling to the MFJD tributaries, which deliver this cool water to the 
mainstem. 


Potlatch:  


● Floodplain and upland land use can dramatically influence habitat conditions and add complexity to 
achieving restoration outcomes. For example, the majority of the lower Potlatch River watershed has been 
converted to tiled agricultural fields which has greatly altered the hydrology of the system (more frequent 
high spring flow events and lower summer base flow conditions). Due to the vast scale of the impact, it is 
unfeasible to restore the hydrology of the system using strictly process based approaches and alternative 
methods need to be considered. For example, we have demonstrated that flow augmentation from 
headwater reservoirs is highly effective in improving flow conditions and is a cost-effective approach relative 
to the alternatives.  


● Responses in habitat conditions to treat upland/floodplain habitat degradation will take time to fully 
develop. For example, plantings to improve riparian conditions and ultimately instream complexity, will take 
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decades to fully mature and actively recruit material to the stream. Meadow restoration techniques will also 
become more functional over time as native plant communities adjust to wetter conditions. These types of 
projects will likely require multiple treatments over time until the site becomes more self-sustaining.  


● For the most part we cannot regulate changes in upland land use and it is hard to predict what impact they 
will have on the project. For example, there is an influx of people moving into the local communities around 
the Potlatch River basin and agricultural/timber land is being converted into homesteads. The impact this 
will have on already degraded flow conditions in the basin are unknown. 


Pudding: Floodplain connection may require more natural recruitment of wood, retreatment of wood as and 
years with higher winter flows. Under drought conditions, it may take more time to achieve habitat change and 
floodplain connection by adding wood alone.  


Skagit: This is not included in the Skagit IMW. However, independent research across Puget Sound rivers (Hall et 
al. 2018) that includes Skagit data illustrates that freshwater productivity is highly related to floodplain 
complexity, and the Skagit represents the most complex watershed in Puget Sound  


Strait of Juan de Fuca: Historical and ongoing land-use practices (road construction, logging) continue to 
influence the effectiveness of the restoration activities. Mass-wasting events and avulsions can dramatically 
change or negate the effects of restoration. Equilibration of the systems will take decades or longer to occur.  
Riparian recovery in particular will take centuries. 


 


Question 5 


What types of watersheds do you think IMW results are applicable to in terms of legacy and current land uses, 
watershed size, stream order, flow regimes, and other watershed characteristics? And, what watershed 
characteristics or treatment types are not applicable for restoration activities being evaluated by the IMW? 


IMW responses 


Asotin Creek: This is one of the most important parts of the Asotin IMW. Because we have developed a 
technique that is specifically relevant to wadeable streams, the knowledge and outcomes from the Asotin Creek 
IMW could be applicable to 10,000s of miles of streams across the Pacific Northwest. Wadeable streams include 
order 1-5 streams and these typically make up over 90% of all perennial streams in a watershed. We are 
implementing low-tech process-based restoration in three streams in the Asotin (Charley, North Fork, and South 
Fork) and each has a different flow regime. So we can see how the structures work and how effective they are in 
large streams (> 1,000 cfs), flashy streams with low summer flows (2-600 cfs), and spring dominated streams 
with relatively consistent flows (5-50 cfs). Each one of these stream types is responding differently but all are 
showing positive responses in both habitat and fish. The streams also range in gradient from 1.25-almost 4% and 
have varying floodplain/valley settings from large alluvial valley bottoms to narrow confined valleys. Therefore, 
the Asotin Creek IMW can help export lessons learned to a wide variety of watershed types and could be highly 
applicable to headwater streams in a wide variety of ecoregions. The low-tech methods we have developed also 
are applicable to many intermittent streams which are often ignored by traditional restoration planning despite 
intermittent streams being particularly important parts of fish life history patterns especially on the east-side of 
the Cascade Range. The low risk and cost-effectiveness of low-tech also allows a greater level of "learning by 
doing." If practitioners are not sure if the method is appropriate, the cost and risk is low of implementing a pilot 
project to see if the approach is appropriate in their watershed.   


Bridge Creek: Bridge Creek results are likely applicable to the majority of streams in watershed. Many streams 
are structurally starved, incised, or simplified. Most stream miles within a watershed are wadeable where this 
approach is most appropriate. Large streams with flashy flows will be difficult to build or maintain BDAs or 
beaver dams in. The Beaver Restoration Assessment Tool (BRAT) was inspired by the results of Bridge Creek. The 
model predicts the ability of beaver to build dams based on stream power at both low flows (when dams can be 
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built) and high flows (what dams can withstand). This information can be used to guide the stream size and 
location where BDAs can be built. 


Elwha: The Elwha River is a fairly unique watershed with an intact headwater area, functioning forest floodplains 
below, and a limited number of tributaries. It is also fairly unique in having both rain-on-snow and snow-
dominated hydrology. That being said the treatment type of dam removal is generalizable. Salmon increase their 
distribution and extent immediately after barrier removal. In addition, resident life forms can contribute to life 
history types as well as overall abundance when connected. The rate and extent will vary with species and the 
given situation (i.e., initial population size, hatchery contribution, etc.). 


Hood Canal: In general, we feel the Hood Canal IMW is representative of small, low elevation streams west of 
the Cascade Range characterized by rain-dominated hydrographs and mixed rural-residential land use. Such 
streams, commonly inhabited by Coho Salmon and steelhead, are found throughout western Washington and 
Oregon. Thus, although Coho Salmon are not listed in Hood Canal, we feel the results of our work are generally 
applicable to Evolutionary Significant Units where the species is listed (i.e., Lower Columbia and Oregon Coast). 


Lemhi: From the physical habitat and biological perspective, IMW results are applicable to most of the 
tributaries in the upper Salmon River basin. Multiple limiting factors are consistent across tributaries, including, 
fine sediment, temperature, fish passage, channel form and function, riparian zone function, hydrology (stream 
size/order), and land use practices (e.g., irrigation). Improving upon these factors increases the quantity and 
quality of habitat condition that would be expected to increase freshwater productivity. Additionally, most of 
the biological factors among watersheds of interest, generally speaking, are comparable. These biological factors 
include species composition, life history strategies, and specific fish life stage requirements. Differences in 
physical factors (e.g., hydrology, geomorphology, land use practices) would have to be considered, and clearly, 
the more similar tributaries are, the more applicable IMW results and recommendations would be.  


All restoration actions proposed or implemented in the Lemhi River watershed are developed to address factors 
that are currently limiting fish production and survival. Therefore, evaluating limiting physical and biological 
requirements that influence the distribution, abundance, and survival of fish at all life stages would provide 
useful information relative to their importance for conserving or restoring populations. Moreover, all treatment 
types in the Lemhi River basin would be applicable for restoration activities being evaluated by the IMW.  


Lower Columbia: The LC IMW complex was selected because it was representative of small, low gradient coastal 
tributaries that had been impacted by land use (forestry, agriculture). Results from this system are applicable to 
other small coastal watersheds but likely not informative to high elevation, inland systems or strictly estuarine 
restoration treatments. Watershed treatment types that have not been evaluated by the LC IMW complex 
include beaver dam analogs, flow or hatchery augmentation, screens, or tidal wetland inundations and 
reconnection. 


Methow: No response 


Middle Fork John Day:  


1. Results from the MFIMW are applicable to similar watersheds in the Mid- Columbia with historical mining 
and grazing practices, where the floodplain has been dredged and the channel altered and where there has 
been significant uplands harvested for timber and heavily roaded with culverted stream crossings. Lessons 
learned for the recovery of riparian conditions can be applied to watersheds where grazing by cattle and 
browsing by wild ungulates has impacted herbaceous and woody vegetation.  


2. Results learned concerning temperature recovery are not applicable to coastal systems that have adequate 
temperatures but diminished complexity from large wood inputs.   


3. C. nudata (Torrent sedge) has a limited distribution, but where it is available, it has great potential to 
enhance in-stream habitat diversity, increase important fish habitat and cover, and provide stability to 
banks. 


4. Data from the MFIMW has been used to inform restoration in similar and nearby watersheds owned by the 
US Forest Service.  
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5. The structure and processes within the MFIMW group set the framework for monitoring and data 
infrastructure in the nearby Desolation Creek basin, which is operating like an IMW.  


6. The temperature data that is collected and managed through MFIMW funding is widely shared both locally 
and regionally. Regionally, our temperature data has contributed to the NorWeST stream temperature 
database as well as Oregon's Department of Environmental Quality stream temperature database. On a 
more local level, restoration practitioners utilize our temperature data to inform prioritization of restoration 
actions.    


7. Currently, our long-term temperature monitoring dataset is being used to develop a spatial stream network 
model to predict continuous thermal profiles throughout the MFIMW. Output from the spatial stream 
network model will be used to i) compare temperature trends in watersheds with ongoing restoration 
actions and those without, and ii) to prioritize watersheds for future restoration efforts. Prioritization will be 
given to watersheds that are classified as thermal buffers (i.e., resilient to warming air temperatures), as 
well as those that are on the cusp on becoming a thermal buffer.    


8. Collectively, the Heat-Source model and the spatial stream network temperature model highlight the power 
and importance of long-term monitoring datasets.  The Heat-Source model has been successfully used in 
other watersheds, and the use of this model developed for the MFIMW in conjunction with riparian and fish 
distribution models could be applied in other watersheds to understand the effects of shade, flow, and 
riparian growth on stream temperatures and effects on fish distribution.  


9. Stream flow data are complementary to a variety of ongoing monitoring efforts. USBR and CTWS have used 
stream flow data in conjunction with drone imagery to determine what flows cause floodplain activation at 
particular reaches of the Middle Fork John Day River. CTWS is planning on using the NFJDWC stream flow 
data in their analysis of water table wells within the restored reaches of the floodplain. ODFW plans to use 
the stream flow monitoring as part of their life-cycle monitoring work, particularly in tributaries such as 
Camp Creek and in the upper sections of mainstem. In particular, flow monitoring efforts in the Camp Creek 
drainage complement on-going long-term monitoring (> 10 year) of juvenile summer steelhead abundance 
and survival by ODFW biologists. 


10. Within the MFIMW we are seeking to monitor the effectiveness of habitat implementation actions to 
restore ecosystem structure and function. Ecosystem structure and function can be characterized by both 
abiotic and biotic indices. Thermal and hydrological regimes are fundamental abiotic indicators of ecosystem 
function, and the macroinvertebrate community is a key biotic indicator of ecosystem function. Because 
thermal and hydrological regimes, followed by macroinvertebrate communities are key indicators of 
ecosystem function and are quick to respond to landscape alterations, our monitoring program focuses on 
characterizing and tracking trends in the thermal and hydrological regimes as well as changes to 
macroinvertebrate communities, pre and post restoration actions. The MFIMW has allowed us to build upon 
a rich temperature dataset that is both spatially and temporally robust. We will continue to use this dataset 
into the future as more restoration projects are implemented within the MFIMW project area.  


Potlatch:  


● The Potlatch River is characteristic of the majority of tributaries in the lower Clearwater River basin, with 
similar land use practices, limiting factors, and focal species. It would be valid to apply some of the lessons 
learned and techniques used in the Potlatch to address limiting factors in these drainages that share similar 
characteristics. 


● Certain techniques such as flow augmentation could be an effective technique to use in other systems that 
suffer from low summer base flow conditions.   


● As stated previously, treatments to address upland land use practices such as tiled agricultural fields is one 
example where it would be challenging to address under the confines of the IMW. The sheer cost, size of the 
treatment, and timeframe needed to make a measurable impact are prohibitive.  


Pudding: The Pudding Creek IMW applies to smaller coastal Coho Salmon watersheds with small lagoonal 
estuaries, with habitat impacts from legacy logging currently under timber harvest management. Our data may 
not translate well to larger, more inland watersheds. 
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Skagit: Skagit IMW most strongly applies to large rivers with Chinook Salmon and with large estuarine deltas and 
a legacy of wetland conversion to agriculture. 


Strait of Juan de Fuca: The results are broadly applicable to other small, coastal streams impacted by 
logging/road building practices in the Pacific Northwest (SE AK, WA, OR, N. CA).   


 


Question 6 


To what degree can preliminary results be extrapolated to other salmon and steelhead populations in terms 
of limiting life stages, life histories, and geographic location?  


IMW responses 


Asotin Creek: The Asotin results will be broadly to a wide variety of species, life stages, life histories and 
geographic locations in forested environments where wood historically played an important role in shaping 
geomorphology of streams and their associated floodplains. All life stages of resident and anadromous life 
histories of various species (e.g., steelhead, Cutthroat Trout, Bull Trout, and Dolly Varden) for example would 
benefit equally from low-tech wood additions in streams that have lack of wood as a limiting factor. The most 
applicable settings would be wadeable streams (order 1-5) streams. However, the techniques could be adapted 
easily to off-channel and side-channel habitat of larger rivers (ie., > order 5). We are not directly monitoring 
adult steelhead responses to wood additions, but it is likely that wood additions are benefitting adults by 
providing more cover and refugia from flow during spawning migration as well as providing better spawning 
areas (i.e., newly deposited bars and riffles). We are also seeing lamprey begin to spawn in treated sections of 
Asotin Creek which is exciting since lamprey have been out-planted by the Nez Perce for several years. 
Backwater areas with deposits of fine sediment forced by the wood structures appear to be rearing sites for 
lamprey amocetes.   


Bridge Creek: The responses from Bridge Creek are driven more by the geomorphic, hydrological, and biological 
changes caused by beavers building dams than by addition of BDAs. The results of this IMW suggests that beaver 
dams can improve habitat conditions that can increase egg to smolt production, which should not be surprising 
given the coexistence of beaver and salmon and steelhead for over a million years when the densities of both 
were far higher than they are today. 


Elwha: Extrapolation to other river systems and populations is possible for some of the results. Change in 
salmon distribution due to barrier removal is a relatively common result. In addition, the concept of re-
awakening of life history due to extended movement, in general, in something also that should occur in other 
systems. The concept of resident fish such as Rainbow Trout and Bull Trout, contributing or having an additional 
life history strategy should also be something that can be considered generalizable. The details of how these 
occur and the rates should not be considered generalizable. In terms of the watershed characteristics and 
condition, the Elwha River is fairly unique. Having an intact headwaters or 80% of the watershed does not occur 
in many locations. The low down barrier removal is fairly generalizable. The dual hydrologic regime (rain on 
snow and snow dominated) is fairly unique as well. 


Hood Canal: We feel that we are learning general scientific principles regarding salmon ecology and interactions 
with habitat.  Thus, although we might not be able to extrapolate results in a numerically predictive sense to 
different species or habitat conditions, our research on factors affecting salmon abundance, productivity, spatial 
structure and diversity is broadly relevant to salmon recovery efforts. 


Lemhi: We have demonstrated that products developed for the Lemhi River basin have direct applicability to 
other tributaries in the Upper Salmon basin. For example, the North Fork Salmon River, Pahsimeroi River, and 
the upper Salmon River share similar limiting physical and biological features that hinder fish productivity. 
Managers have been addressing these concerns through a variety of mitigation actions that are similar to the 
habitat restoration techniques in the Lemhi River basin (Upper Salmon Subbasin Integrated Rehabilitation 
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Assessment (USSIRA) 2017 and Upper Lemhi Multiple Reach Assessment Report (ULMRA) 2020). Preliminary 
results of salmon and steelhead response to habitat restoration can be extrapolated to other salmon and 
steelhead populations within the Pacific Northwest but specific habitat features need to be taken into 
consideration when comparing watersheds. Information gathered on life stage specific survival within the Lemhi 
River has identified the limiting life stage to be overwinter survival of presmolts. Interestingly, life history 
strategies of salmon in the Lemhi River have shown that age-0 fish (fry, parr, and presmolts) have migrated out 
of the Lemhi before reaching the smolt life stage. This information suggests that overwintering habitat is in poor 
condition and/or limited in the Lemhi River. Lemhi monitoring results have been applied to other watersheds 
with respect to evaluating life stage specific limitations, and similar trends were observed (USSIRA 2017). As a 
result, geomorphic and biological goals and objectives have been established for these tributaries (ULMRA 
2020), and this is a direct result of Lemhi monitoring efforts and the products that were developed.  


For a detailed explanation, please see the ULMRA 2020 report prepared by Biomark and RIO Applied Science and 
Engineering.  


Lower Columbia: Similar to other IMW complexes in western Washington (Hood Canal, Strait of Juan de Fuca), 
the limiting life stage in salmon and steelhead populations appears to be the juvenile rearing period, when 
productivity is density dependent. Apparent overwinter survival of Coho Salmon is a function of summer parr 
abundance and tributary and headwater reaches are important for producing large spring smolts. 


Methow: No response 


Middle Fork John Day:  


1. Life-cycle model is likely applicable to other steelhead populations with some adjustment. Results can be 
applied to other Mid-Columbia and interior populations with similar restoration needs especially where 
elevated temperatures are considered limiting.  


2. Results from the MFIMW are applicable to similar watersheds with historical mining and grazing practices, 
where the floodplain has been dredged and the channel altered. However, research is ongoing especially for 
juvenile life-stages and habitat use, and we are hopeful that in watersheds experiencing similar land-use 
issues that the results of these investigations will provide useful, management-oriented information.  


Potlatch:  


● At this point in the project, results from individual restoration projects are probably the most feasible to be 
extrapolated to other populations. For example: 


○ Barrier removal projects to enhance fish passage are one of the most straightforward projects to 
implement and assess, and in most cases they are the first step in restoration sequencing. Results of 
these projects are easy to visualize and generate a lot of public interest and support for restoration. 


○ Flow augmentation projects are cost-effective treatments to address low base flow conditions and 
can provide immediate benefits to juvenile rearing conditions over large spatial scales.   


● It takes several years of instream habitat improvement to elicit small fish population and life history shifts. 
To maximize these responses, restoration should focus efforts on areas where successive projects can result 
in several miles of contiguous habitat.  


● Prioritize work in geographic areas that are supported by current fish distribution rather than areas where 
numbers are extremely sparse to maximize benefits.    


Pudding: Difficult to say because we did not see a response. But would be in the smaller watersheds with Coho 
Salmon and steelhead where the main habitat is formed by large wood. 


Skagit: The Skagit River has a high proportion of migrating fry, but many other Puget Sound populations have 
higher proportions of migrating parr. Attempts to equate Skagit results with other systems should be mindful of 
the juvenile life history types dependent on estuaries. 


Strait of Juan de Fuca: The results are broadly applicable to other small, coastal streams impacted by 
logging/road building practices in the Pacific Northwest (SE AK, WA, OR, N. CA).   
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Question 7 


How is what you are learning being translated into information that can be used to inform policy, funding, 
and salmon recovery and watershed restoration decisions? Give examples. Do you have suggestions on how 
these types of outreach efforts could be improved? 


IMW responses 


Asotin Creek: We have presented widely at American fisheries symposium (multiple states, western and national 
level), Salmon Recovery Conferences, Salmon Recovery Funding Boards, Ecological and Restoration Symposiums, 
published numerous journal articles on the results, methods, and experimental designs of the IMWs we manage 
(Bridge and Asotin), supported MSc and PhD research and theses directed at specific IMW questions, published 
a manual on low-tech process-based restoration, trained over 3,000 land managers, NGOs, biologists, and 
private land owners about low-tech process-based restoration approaches, made publicly available online all our 
data and training resources, and participated in coordinating, synthesizing and making available IMW resources 
and summarizes online (e.g., Snake River Salmon Recovery Board, PNAMP, Columbia Basin PIT Tag Information 
System, website), helped to implement and support other groups (e.g., Conservation Districts, NGOs, state and 
federal agencies) to implement low-tech process-based restoration in a wide variety of other watersheds and 
ecoregions.  


 


The Asotin Creek IMW results will help inform future management decisions to:  


1) Determine the effectiveness of one of the most common restoration actions (addition of LWD) at increasing 
fish productivity and production 


2) Our detailed survey methods (seasonal assessment of survival, modeling of net rare of energy intake, 
enumeration of smolts and adult abundance, etc.) should shed light on the casual mechanisms of any fish 
response we detect. Understanding why productivity changed should help us provide recommendations for 
improving LWD restorations actions.  


3) Our detailed CHaMP surveys that provide topographic surveys of each habitat reach allow us to build models 
of stream character (delineate geomorphic units) and are used to populate net rate of energy models (NREI). 
NREI models integrate food, habitat and temperature and can be used to run restoration scenarios to better 
design restoration actions. 


4)There are tens of thousands of stream miles in the PNW that are structurally starved (i.e., in a LWD deficit); 
the Asotin Creek IMW will provide valuable information on how to most cost effectively add LWD to streams 
and cause the largest positive changes to stream habitat and fish populations. 


 


To date we have learned that:  


1) Experimental Design – staircase designs are a powerful alternative to BACI designs and have several 
advantages including accounting for treatment x year interactions, being more logistically feasible to implement, 
and allowing for multiple streams to be treated (allowing results to be extrapolated to a greater number of 
stream types)   


2) Monitoring Plan and Data Management – ChaMP habitat protocol provide data that other habitat programs 
do not and allowed development of NREI models, geomorphic delineation, multiple habitat metrics can be 
obtained from the digital elevation model created from topographic surveys, erosion and deposition rates can 
be quantified. Monitoring fish year-round provides ability to assess seasonal survival and fish movement. These 
data help confirm assumptions of the experimental design like independence. Data management for IMWs is a 
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major challenge and more resources need to be provided to IMW practitioners to assist with management of 
large volumes of data IMWs generate.  


3) Restoration Implementation – staircase design makes implementation more logistically feasible because 
treatments are spread out over several years.  The HDLWD can be a viable, cost-effective action that promotes 
immediate habitat change over large areas without damaging recovering riparian areas.   


4) Restoration Effectiveness, Habitat change – large wood restoration actions need to stop focusing on single 
structures and instead build numerous structures in high density to promote greater habitat change and build 
resilience into the stream by buffering large flows.  


5) Restoration Effectiveness, Fish response – rapid designs of structures should target sites to promote large 
changes in habitat using existing features where possible (activate old side-channels, create scour pools by 
constricting the stream using natural features (tree roots, boulders)   


6) General Logistics/ Information Transfer – focus on treating large sections of stream, load wood as much as 
safe for the local conditions, do not over-design the structures unless there are infrastructure or safety 
concerns. Be patient with IMWs – the 100’s of millions of $$ we spend on restoration can only be effective when 
we understand the fish and habitat responses – these include short-term (1-5 years) and long-term responses 
(5-10+ years). Streams were degraded over 200 years … it will take time to figure out the best way to restore 
them  


7) Restoration maintenance should be a common practice and planned for - it is not practical to expect one 
restoration treatment can reverse all degraded habitat conditions - however the low-tech restoration method 
we have developed is so simple and cost effective that maintenance is not a burden, but instead an opportunity 
to review how the treatment is working and engage the local community to help sustain restoration benefits 
with simple maintenance efforts.  


Bridge Creek: Bridge Creek IMW has demonstrated how low-cost process-based approaches, such as using 
beaver and BDAs, can be used to implement restoration of salmonid habitat over broad spatial extents. Project 
data has also demonstrated that the influence that beavers have on stream habitat positively affect salmonids at 
least in high gradient systems in the west. Based on this science from Bridge and Asotin Creek IMWs, many 
workshops have been given across the US on low-tech processed based restoration using BDAs and PALS to 
address structural starvation in watersheds. These workshops have included several thousand restoration 
practitioners who many of now use these techniques. A manual has also been created and shared on Research 
Gate that has been accessed 10's of thousands of times.  


BDAs from Bridge work have been included in the following programmatic NOAA ESA consultations. This means 
that the potential impacts to ESA listed fish has been evaluated in advance, thereby facilitating permitting (ESA 
part only) if the relevant entity is involved in the action: HIP3 Biop (Bonneville Power Administration), Natural 
Resources Conservation Service conservation practices programmatic, ARBO (US Forest Service/ Bureau of Land 
Management), SLOPES (WA US Army Corps of Engineers), PROJECTS (US Fish and Wildlife Service). Proposed 
programmatic with Wheeler and Gilliam Oregon counties. ODFW has also provided guidance on BDA 
implementation to help streamline and avoid fish passage concerns.  


Strong science basis for Low-Tech Process Based Restoration is resulting in shifts to permitting practices. Focus 
on process-based restoration versus not. Continue pressure on regulatory community to leverage science basis 
of Bridge Creek IMW work as source of risk mitigation around ESA and National Environmental Policy Act 
concerns at federal level. 


Elwha: The Elwha River is definitely a posterchild for dam removal. The Elwha River can help be used to inform 
long-term monitoring of large-scale projects. Once the infrastructure for monitoring is in place (i.e., SONAR, 
smolt trap, etc), having value added projects really becomes a lot more cost effective, because the basics are 
covered. Setting up long-term IMW like monitoring (fish in/fish out, specific environmental parameters 
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monitored) can allow for less expensive research to take place. For example, genetics work is less costly because 
we have multiple life stages monitored already. 


Hood Canal: We feel that all of our results are directly relevant to policy and funding decisions regarding habitat 
restoration. Our work is designed to measure restoration effectiveness and so it helps address prioritization and 
expectations for return on investment in restoration. 


We have made every effort to communicate results from our study into lessons for restoration in a variety of 
formats and venues that are accessible to the restoration community. This includes presentations at 
conferences frequented by restoration practitioners (e.g., Salmon Recovery Conference), participation in IMW 
synthesis workshops organized by PNAMP, presentations to the SRFB and SRFB Monitoring Panel, presentations 
at local Hood Canal workshops/meetings, and publishing our findings in the peer reviewed literature. If there are 
barriers to the consumption of our information, we are certainly open to other methods of communication.  Our 
team  appreciates collective efforts to improve IMW outreach, such as the "lessons learned"  workshops and 
synthesis report presented in this document.   


Lemhi: 


● Results from research, monitoring, and evaluations (RM&E) have helped guide future habitat restoration 
actions. For example, RM&E has identified that tributaries provide good summer and winter rearing habitat 
for juvenile fish. Therefore, the reconnection of tributaries to the mainstem Lemhi River has been a high 
priority.  


● Information gathered from our IMW projects has been summarized and shared with our stakeholders 
(landowners, local government officials, students, anglers, etc.) through reports, presentations (professional 
conferences and regional meetings), blogs, site tours, and short videos. 


Lower Columbia: Results from our fish monitoring program in the LC IMW complex have informed restoration 
treatments. For example, our observation that upper reaches of the LC IMW basins are more likely to produce 
large, spring Coho Salmon smolts, has been used to guide restoration efforts in Abernathy Creek, where the 
majority of projects have occurred in upper reaches of the basin. The information we produce also helps guide 
the Lower Columbia Fish Recovery Board as it works with its Technical Advisory Committee to fund habitat 
restoration projects. For example, the Lower Columbia Fish Recovery Board used habitat limitation information 
on Coho Salmon from the LC IMW to guide restoration funding decisions in similar watersheds in its Lead Entity 
area. 


We have produced several reports using data from the LC IMW study, including a MSc graduate thesis, and were 
featured in the Pacific Coastal Salmon Recovery Fund’s Report to Congress in 2016. Through outreach and 
communication, we strive to inform stakeholders on the effectiveness of our restoration activities in forums 
such as Recreation and Conservation Office Salmon Recovery Conferences, Pacific Northwest Aquatic 
Monitoring Partnership IMW Workshops, and River Restoration Northwest Symposia. The Abernathy projects 
led by the Cowlitz Indian Tribe have been featured in StoryMaps by the Recreation and Conservation Office and 
newspaper articles emphasizing how the landscape work is done more strategically and for lower overall cost. 
We have also led multiple site tours to interested parties. Below is a list of some of those efforts. 


Pacific Coastal Salmon Recovery Fund FY 2016 Report to Congress: 
https://archive.fisheries.noaa.gov/wcr/publications/recovery_planning/salmon_steelhead/pcsrf/pcs rf-rpt-
2016.pdf 


Nutrient Enhancement: 


Sturza, M. T. 2017. Effectiveness of Salmon Carcass Analogs as a Form of Nutrient Enhancement for Juvenile 
Coho Salmon (Oncorhynchus kisutch) in Three Lower Columbia Watersheds. M. Sc. Thesis, Western Washington 
University, Bellingham, Washington http://cedar.wwu.edu/wwuet/597/. 


Recreation and Conservation Office LC IMW StoryMap: 


https://wa- rco.maps.arcgis.com/apps/Cascade/index.html?appid=d723d3fe4c6843d6a8fef1095ba38915 
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NOAA Fisheries Feature Story 2019: 


https://www.fisheries.noaa.gov/feature-story/cowlitz-tribe-restores-lower-columbia-salmon- habitat-
benefiting-juvenile-and-adult 


Methow:  


Fish Passage: 


1) Recolonization following barrier removal may occur slowly and be strongly influenced by out-of-basin factors 


2) The population uplift generated by barrier removal depends on factors limiting fish production before barrier 
removal, and how well improving passage to new habitat addresses those limiting factors. Limiting factors of the 
target population should be determined before performing barrier removal to scale expectations of 
recolonization rates, and to pair the barrier removal with habitat enhancement or other actions as appropriate 


Floodplain and side channel habitat enhancement 


1) Side channels contain higher densities of rearing steelhead and Chinook Salmon compared to mainstem 
habitat and provide refuge from larger piscivorous fish 


2) Increasing hydrologic connectivity between off channel habitat and the mainstem has been shown to increase 
use by target species, particularly for seasonally disconnected side channels where fish previously had only a 
limited time to access the habitat 


3) Strategies that provide high side channel habitat diversity, such as a combination of perennial flow through, 
alcove, seasonally connected, etc. are expected to be the most effective at increasing production of multiple 
target species and improving resilience over time. Diverse habitat patches within the floodplain landscape are 
valuable because they host very different local food webs that are used extensively by juvenile Chinook Salmon 
and steelhead 


4) Side channel enhancement projects that have sufficiently deep pools with large wood have been shown to 
improve habitat suitability and carrying capacity of the habitat, especially for side channels that are seasonally 
disconnected 


 


Channel complexity 


1) Studies in the mainstem and side-channels of the Methow River showed that target species densities are 
positively associated with deep pools with large wood and overhead cover 


2) Channel reconstruction and large wood enhancement in a small stream can increase spawning densities, total 
fish production, and the degree of consumption of invertebrate food resources. Enhancement may also 
decrease the relative consumption of food resources by non-target species such as Brook Trout 


3) Large wood configured to promote local scour and bed movement has been shown to increase benthic 
invertebrate food available to drift-feeding ESA-listed juvenile salmonids 


Food web 


1) Food web analysis in the middle Methow showed that the structure of food webs, including species 
compositions and the types and strengths of predator-prey interactions, varied among habitat patches, 
presumably influenced by the type of habitat (e.g., mainstem versus side channel) and the degree of hydrologic 
connectivity. The analysis also showed that when you scale up to the larger channel/floodplain system, high 
spatial complexity produces weak trophic interactions, which promotes biodiversity and stability of food webs 
that are important for sustaining fish populations 
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2) In the middle Methow, for both mainstem and side-channel sample sites, the available prey base appeared to 
be able to support a greater density of rearing juvenile salmonids than was present at those sites, suggesting 
that the carrying capacity for juvenile rearing had not been reached 


Middle Fork John Day:  


1. MF IMW learnings are being shared to inform decisions related to salmon recovery and watershed 
restoration in a number of ways.  First, Jim Ruzycki, ODFW, and John Selker, Oregon State University, 
presented to decision makers at the January 2018 OWEB Board meeting after the 10-year Summary Report 
was completed to share the value of long-term monitoring in understanding the outcomes of restoration 
actions in a relatively large watershed.  


2. Secondly, MFIMW related staff has taken technical information from the MFIMW and translated it into two 
separate 4-page facts sheets to highlight key findings to help describe results and lessons learned. The 
majority of the information has been targeted at restoration practitioners to inform their future work. This 
information has been communicated at Oregon American Fisheries Society conferences, River Restoration 
Northwest (RRNW), and other technical conferences.  


3. Also, the MFIMW maintains a public facing website, http://www.middleforkimw.org, to make available 
MFIMW documents and provide updates on current restoration and monitoring efforts. The website was 
developed to share MFIMW findings with both the local community and a broader audience beyond the 
Middle Fork John Day River watershed. Finally, the MFIMW Working Group has met annually with the John 
Day Basin Partnership since 2018 to facilitate two-way communication between the groups doing the long-
term monitoring and those that are planning and implementing restoration actions in the MFIMW study 
area.  This technical information exchange has directly informed watershed restoration planning with an 
intent of more effectively advancing salmon recovery. 


4. MFIMW results are providing valuable information to OWEB about the need for grantees to prioritize the 
limiting factors to be addressed and where in the watershed they can affect the most change. OWEB has 
used the information from the MFIMW to generally inform expectations about how long restoration actions 
can take to show an improvement in salmon and steelhead populations. A variety of restoration actions are 
being implemented across the MFIMW study area by a diversity of organizations.  The MFIMW has helped 
reinforce the reality that it will take more than 10 years to see an improvement in limiting factors and, thus, 
a measurable result in fish populations.  


5. The modeling work from Drs. Mousa Diabat and Steve Wondzell shows that riparian revegetation efforts can 
mitigate warm water temperatures, but that it will take several decades for this to occur—especially in areas 
where significant negative impacts occurred over the preceding 100 years due to anthropogenic actions.   


6. The steelhead life cycle modeling that was completed by Integrated Status and Effectiveness Monitoring 
Program to estimate juvenile fish responses to habitat improvement and/or water temperature reductions 
was very telling. This modeling effort contributed to greater recognition that water temperature is the 
primary limiting factor and that restoration designed to reduce temperature was more influential than those 
projects designed to increase habitat complexity alone. Understanding this information is important when 
evaluating restoration proposals, and steps being taken to address water temperature will be particularly 
helpful given the warming climate conditions that are occurring.  


7. Collectively, this information helps OWEB board and staff set realistic expectations about how long it will 
take to see a measurable response from restoration actions, and awareness that drought conditions during a 
particular year can outweigh habitat improvements due to the fact that water temperatures simply may be 
too high.   


8. Outreach efforts can be improved by working with a wide range of partners and funders to share the 
technical information in a distilled manner. Continuing to target key audiences and tailoring information to 
those audiences is key to long term success.  Working with a variety of audiences to understand what 
information is needed to be clear how to present it is extremely helpful. Recent efforts by NOAA Pacific 
Coastal Salmon Recovery Fund to highlight MFIMW findings in their 2020 report to congress and the GIS 
Story Map that was developed is an example of successfully highlighting what has been learned to 
disseminate this information to policy makers. Working with funders such as NOAA and others to elevate 
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MFIMW findings to different audiences is needed to leverage public relations/communication specialist’s 
resources to convey highly technical information and disseminate it broadly using existing websites and 
targeting relevant webinars, workshops, conferences, etc. 


Potlatch:  


● Fish monitoring results have helped inform future restoration treatments. For example, monitoring work has 
identified potential passage barriers to steelhead which were later addressed by restoration implementers.  


● We have produced multiple reports to disseminate results of the project. We also work to inform 
stakeholders on restoration and monitoring activities by giving presentations in forums such as American 
Fisheries Society meetings (both national and Idaho chapter), PNAMP IMW workshops, Pacific Coast 
Steelhead Manager Meeting, and other conferences.  


● We produce blogs, news releases, videos, and brochures highlighting restoration and monitoring activities 
for the public. We conduct site tours with various stakeholders, including local government officials, private 
landowners, school groups, etc. to discuss our project. 


● One of the most effective means of outreach with policy makers and the public are   quality short videos 
that highlight pieces of the program and can be distributed through many platforms. Collecting quality 
interviews and video production often require specific expertise. Developing a funding mechanism or 
competitive grants to produce these materials would vastly improve the ability to produce these materials. 


Pudding: Overall, the Pudding Creek IMW life cycle monitoring data supports population status and trend 
evaluation for Coho Salmon and steelhead for the Mendocino coast region to help inform recovery. From this 
experiment, we have not quite begun to discuss how these results may inform new approaches in restoration 
strategies, but we will begin to outreach through our partners. 


Skagit:  


1) Through external funding from the Estuary and Salmon Restoration Program, we are putting the Skagit IMW 
in the context of other juvenile Chinook Salmon monitoring efforts in Puget Sound to determine the degree to 
which density dependence occurs in Puget Sound estuaries (Greene et al. 2021) and if the magnitude of 
restoration is producing benefits on adult returns (project ongoing). 


2) Greene et al. 2021 also strongly points to the importance of connectivity – sites that are more connected to 
the head of tidal influence and source of juvenile outmigrants will likely support more fish than sites farther 
away. 


3) Our effectiveness monitoring results should be helpful in providing the SRFB results to prioritize projects that 
are more likely to result in improvements to estuary wetland habitat use. 


 4) Due to the multiple methods for monitoring fish numbers in different stages of the Chinook Salmon 
outmigration, the IMW monitoring program will help determine the success of different hatchery release timing 
strategies initiated in October 2020. 


Strait of Juan de Fuca: We work through the Monitoring Panel to inform the SRFB. SRFB can initiate changes to 
restoration guidance.  


Monitoring Plan and Data Management 


1) Managing large quantities of data can be difficult without proper support; building the PIT tag database was 
instrumental in making data entry and analysis much more efficient. 


2) Habitat surveys conducted in within each system of an IMW on the same year may provide better trends 
detection as compared to staggered monitoring across years and systems given the potential influence of 
interannual variations in stream flow.   


Restoration Effectiveness 
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1) habitat change: Wood jam volumes and/or piece counts should be collected in addition to counts of wood 
jams to monitor changes in woody debris within a system.  


2) fish response: Monitoring fish migrations with PIT antennas can provide a more complete picture of life 
history diversity, migration timings, and outmigrant productivity as compared to traditional spring smolt trap 
monitoring. We have demonstrated that large numbers of fish move downstream during periods not typically 
covered by spring smolt traps.   


General Logistics/ Information Transfer 


1) It is important to keep up with PIT tag and communications technology: Recent advances represent a vast 
improvement over the original gear re PIT tag detection and antenna and infrastructure durability (increased 
ability to survive high-water events, less maintenance). Improved tag detection and reduced down time during 
fish migration windows are keys to the success of this project. 


2) NOAA developed an Oracle Application Express (APEX) application for housing PIT tag and habitat data from 
IMW collaborators.  The database provides an easy-to-use, web-based interface and allows for customized 
reports and data queries. Strait IMW collaborators have access to the entire database and the general public can 
access NOAA’s IMW data.  https://www.webapps.nwfsc.noaa.gov/apex/f?p=274:1:25521899047110 


 


Question 8 


Do you have recommendations on how to work with landowners on successful project development and 
implementation? 


IMW responses 


Asotin Creek: Yes - low-tech process-based restoration is intuitively appealing to landowners. It is simple to 
understand and implement and speaking openly about "letting the river do the work" makes sense to many 
landowners. In our experience landowners also understand that maintenance is a natural part of a restoration 
treatment and they appreciate that there is a long term plan - rather than a "one and done" approach. We have 
also found that having a demonstration project with a willing landowner is often the start of growing interest. 
Once one landowner implements low-tech - their neighbors get more interested and often want to try it.  


Bridge Creek: Creating partnerships with private landowners is crucial in promoting similar restoration efforts on 
other landowner properties. There are several landowners that are interested in improving not only issues that 
directly effect their interest but also for the intrinsic value of the watershed they are part of. The development 
of a good working relationship with landowners and permittees goes beyond the immediate project you are 
collaborating on but they can also become ambassadors to other landowners to getting similar projects 
completed as they are quickly able to establish trust with their peers. 


Elwha: Communicate till it hurts. It is better to over communicate than under communicate. 


Hood Canal: No response 


Lemhi: Successful project development and implementation is highly dependent upon a strong working-
relationships with landowners. To build this trust, it is important to clearly discuss and disclose the rationale 
(goals and objectives) of restoration efforts. It is crucial that the landowners understands why the project is 
being proposed in the watershed and on their property. More importantly, the landowner needs to feel that 
they are being heard and their needs are met. It is through these negotiations that conceptual ideas are 
developed and restoration actions are designed. Budget constraints can influence these negotiations. For 
example, some landowner needs often cannot be met given the limitations in annual budgets. Therefore, it is 
critical to be flexible and willing to propose alternatives to find “common ground” that make landowners feel 
comfortable in the affects to their property while managers develop a beneficial habitat project.  Most 
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importantly, it is crucial to maintain this relationship and to stay in constant communication with the 
landowners throughout the project.  


Lower Columbia: No response 


Methow: Relationships are important so invest the time to nurture them for the long-term. Be able to admit 
when things do not go according to plan. Invest in adaptive management.  


Middle Fork John Day:  


1. Talk early and often and plan projects and communication as early as possible to address landowner 
concerns so there is time and resources to mitigate for these concerns. In some instances, landowner 
incentives have been successful in convincing reluctant landowners to participate in restoration or 
monitoring activities.  The NFJDWC or Grant Soil and Water Conservation District can apply for these types 
of landowner incentives and have had success in writing letters to inform landowners of these projects.   


2. Demonstrating upper-level commitment from agencies can help with landowner participation – i.e., Curt 
Melcher (ODFW Executive Director) has had phone contact with landowners in the John Day River basin. 


3. A key initial step in the process of working with landowners is establishing working relationships with 
individual landowners. For ODFW staff this has meant reaching out and taking the time to discuss the 
purpose and importance of fish monitoring activities in the MFIMW. The practice of following up with 
results for individual landowners from specific monitoring actions (e.g., spawning ground surveys, juvenile 
fish movement / survival assessment) seems to have laid a good foundation for ODFW’s relationship with 
private landowners in the MFJD. ODFW’s success in maintaining access to sites on private land in the 
MFIMW study area is reflective of past actions and attitudes of staff involved in the MFIMW.  


4. One goal of the NFJDWC is effective communication with landowners for the mutual benefit of the resource 
and those living on the land. The NFJDWC had had some success reaching out to landowners and explaining 
some of the restoration projects that were occurring in their area and letting them know they could reach 
out to the staff with any questions. These letters also served to inform landowners about opportunities to 
partner with us to do work on their private land.  


5. Findings by outside MFIMW partners (McDowell et al. 2020) suggest that watershed wide restoration 
strategies should not discount the potential contributions private landowners can make and that it is critical 
to include them in the conversations around restoration. McDowell et al. suggests that this reflects 
“collaborative management” -- because restoration is visible at some sites, other land managers in the 
neighborhood incorporate best management practices, perhaps in subtle ways, that lead to ecological 
improvements over time on land without explicit restoration projects.  


Potlatch: Effective communication is the key to successful project development and implementation with a 
landowner. Clearly laying out expectations and listening to the landowner’s questions/concerns goes a long way 
to eliminating problems down the road. Not all landowners are the same, some want to be heavily involved 
while others are very hands off, be prepared to modify your style to the landowner’s degree of involvement. For 
large land holdings with multiple family members/owners, establishing a primary contact early in the process 
will help facilitate communication and avoid misinterpretation.   


Pudding: It takes a community of many different groups and trust. Finding common ground seems important as 
we may all have slightly different objectives. This experiment involved a single large timber company and a 
state-owned timber property, and both support salmon recovery. We partner with the timber company to do 
our monitoring and share costs. 


Skagit: No response 


Strait of Juan de Fuca: No response 
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Question 9 


What haven’t you learned from your IMW that you expected to learn? Is it attainable with more time? If yes, 
estimate how long it would take to get the thing you expected to learn?  


IMW responses 


Asotin Creek: - How long will the responses last? Can we increase the responses with increased 
maintenance/enhancement of the original treatment and the addition of BDAs to force greater floodplain 
connection? What are the most important factors linked to the responses we are seeing (e.g., how do adult 
abundance, temperature, discharge, and habitat conditions interact to influence abundance and production 
responses)? Can large wood treatments match the responses seen in systems where beaver recolonized and 
were linked to large fish responses?  


We think we could get answers to these and other questions in the next 3-5 years. 


Bridge Creek: Because of the dynamic nature of streams and their interaction with restoration actions, reliance 
on short term responses alone can potentially be misleading. The evolution of streams dominated by beaver 
have been proposed in low gradient systems in boreal forest but largely remain undocumented in the west. This 
would be attainable with more time including the impacts they have on salmon and steelhead. We believe that a 
minimum of 15 years is necessary, but this is dependent on the number of high water events that are 
experienced during the study. 


Elwha: We expected that focusing in on changes to habitat type would give us insights into how habitats are 
created and maintained. Due to the variability in habitat type delineation due to observer error and process 
error that will not be the case. This is not attainable with more time. 


Hood Canal: We still feel there is a lot to learn about how fish respond to restoration. 


Perhaps most directly, this includes evaluating the fish response to recent restoration actions in Big Beef Creek 
and Seabeck Creek. We simply have not had enough time after restoration to pass judgment on whether there 
was any increase in abundance, survival or life history diversity following these projects. In Big Beef Creek, a 
three-phase restoration project that occurred in 2015 – 2017 installed LWD jams and reconnected 
approximately 11 acres of floodplain wetland habitat. In Seabeck Creek, an undersized culvert in the 
anadromous zone was replaced with a 60-foot bridge in fall 2020. 


However, clear, obvious signs of impairment in the study streams, especially Seabeck Creek and Little Anderson 
Creek, present additional opportunities for learning how fish respond to restoration. 


We have consistently targeted 10-12 years of monitoring after restoration. For projects completed to date, this 
would be 2027-2029 in Big Beef Creek and 2031-2033 for Seabeck Creek. 


Lemhi: One of our goals for the Lemhi River IMW is to observe a population response (increase in the number of 
fish into and out of the basin) to habitat restoration actions. We have observed a response from at a finer scale 
(e.g., juvenile response to reconnected tributaries) and observed an increase in salmonid abundance in specific 
river reaches but have yet to determine how the population as a whole has been influenced. A population 
response to our habitat actions may be attainable, given sufficient funding resources and the necessary time to 
evaluate multiple generations. An aggressive habitat restoration program implemented by multiple 
collaborators is ongoing in the Lemhi River, and the focus has expanded to the reach scale to rehabilitate large 
floodplain and river segments.  With all the new and upcoming habitat projects, we suspect that will take time 
to evaluate a population level response. The Lemhi River basin is also a very large watershed and we have 
observed salmon at various life stages using different portions of the mainstem Lemhi River and its tributaries. 
Therefore, it will take a lot of effort (time and number of people) to monitor fish response in the basin. We 
estimate a time frame of a minimum of 10-15 years to observe a population level response of salmonids to 
habitat restoration actions.  
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Lower Columbia: Overall, we are meeting our goals and don’t think there are any data gaps. However, we have 
not been able to detect a habitat signal from any restoration activities to date. We are exploring new time series 
models to attempt to differentiate random variability from treatment effects in the habitat dataset. For fish, 
there are many compelling research questions that remain that were not identified at the onset of the study. For 
example, we have not learned about the carryover effects of increased spawning and rearing habitat on marine 
survival or about the relative importance of life history diversity on overall adult returns, particularly as this 
relates to climate variability and climate change. 


Our analyses suggest we need at least 10 years of post-treatment monitoring to detect a change in fish 
productivity, meaning continued monitoring through 2032. 


Methow: No response 


Middle Fork John Day:  


1. How restoration across the watershed influences overall population productivity. We were expecting to see 
a watershed level fish response – but not surprised that we haven’t given the iterative restoration process in 
the MFIMW, and the generational timeframe for riparian growth to effect stream temperatures. 


2. Restoration projects in the MFIMW are ongoing and adapting to current research and thus many research 
projects are currently in pre-restoration monitoring phases or have one or two years of data collection with 
preliminary results but are not currently complete.  Examples listed below. 


a. Fish habitat preference: Last year we examined juvenile salmonid use across study sites using the 
mobile PIT antenna in an attempt to tease out habitat preferences, but results were inconclusive. 
Juvenile salmonids either don’t display strong habitat preferences or are keying into something we 
did not measure. 


b. We conducted pre-restoration fish monitoring in Summit Creek to document use and dispersal from 
ephemeral and perennial reaches. Upcoming restoration projects in Summit Creek will help us 
understand the effects of watering ephemeral sections on fish use, movement, and dispersal.  


c. A key area of the MFIMW that was previously under private ownership was recently purchased by 
the Blue Mountain Landtrust and plans for restoration are underway. 


3. Monitoring and research in the MFIMW has been collaborative and iterative, with research building on 
results from previous projects and from identifying knowledge gaps. Examples below: 


a. Adult habitat selection – we have evidence of shifting spawning distribution of Chinook Salmon, but 
are unclear of the why or how, e.g., is it spawner habitat or adult holding habitat that is driving the 
distribution shift?  


b. Building on distribution shifts of adult Chinook Salmon - we are currently evaluating differential 
juvenile salmonid survival and fish-habitat relationships at restored and unrestored sites where 
habitat was intensively measured at a reach scale. 


c. We have produced models showing that decreased temps will have positive effects on juvenile 
salmonid distribution and survival, but we haven't had enough time to validate the models. 


d. Tracking dispersal patterns from redds is yet another step in understanding how fish are utilizing 
available habitat and how restoration and changes in water temperature (due to restoration or 
climate change) influence movement and survival of juvenile salmonids.  


e. More information is needed to understand what happens with fish less than 65 mm. Most MFIMW 
work has been done on PIT-tag sized fish.  We are currently monitoring Chinook Salmon fry dispersal 
and movement from redds using innovative genetic techniques.  We have one year of monitoring 
completed and need more years to fully understand and document this understudied and important 
life-stage.  


f. Additional long-term monitoring of juvenile salmonids in Middle Fork John Day River tributaries like 
Camp Creek (2008 – 2021) will be used to assess the influence of environmental variability (e.g., 
stream temperature and hydrology) on population dynamics in freshwater rearing areas.  


g. We have identified a knowledge gap regarding Chinook Salmon parr moving out of upper reaches 
and their overwinter habitat use. 







88 


4. Research and models identified that water temperature is the limiting factor of greatest concern for 
salmonids in the MFIMW, and that riparian growth could lower stream temperatures. Documenting changes 
in water temperatures and effects on salmonids is a long process and results are incoming.  


a. Vegetation changes, riparian growth, and effects on stream temperature - just starting to see 
changes and need more time to analyze and create models to detect change over time.  


b. Water temperature products are under development including a spatial stream network model 
which will predict reach scale average summer stream temperatures across the MFIMW area, and a 
model that will forecast water temperature and utilizes flow data from the Middle Fork John Day 
River at Camp Creek gage. Stream temperature models tailored to produce biologically relevant 
variables at a reach- scale resolution will allow us to better track and evaluate changes in water 
temperature throughout the MFIMW area, allowing restoration practitioners to target projects in 
areas of highest impact.  


Potlatch: There is still a lot to learn about how fish respond to restoration at the watershed scale. The pace of 
project implementation in the EFPR has increased in recent years and we are beginning to see positive 
improvements in emigrant life history and habitat conditions. However, the pace of implementation in the BBC 
watershed has stagnated, and the two highest priority project we have identified have not been implemented. 
Both of these projects fall outside the realm of traditional habitat restoration and present complexities in terms 
of funding and permitting. There needs to be more time to overcome these hurdles.   


We anticipate achieving the bulk of restoration goals by 2028-29 and need a minimum of 7-10 years post-
treatment monitoring to accurately assess the response of population productivity to restoration actions. 


Pudding: Why the treatment did not cause habitat change. It could be attainable with more time. Not sure how 
long, at least 2-3 more generations of fish. 


Skagit: The core IMW question is whether estuary restoration works to improve population 
abundance/productivity, and in that respect the IMW has achieved success. However, we also expected to see 
changes in the frequency of fry migrants entering the nearshore and improved smolt- adult return rates 
following restoration. Although these patterns are heading in the right direction, to date there has not been a 
large signal. 


However, positive responses of adult returns are more sensitive to environmental variation than juvenile 
population responses. It is possible that estuary restoration may have a large positive population response at 
the juvenile stage, but that positive response is not carried through to the adult stage simply because other 
factors absorb or offset the earlier benefit. If this is the case, then it is untrue that estuary restoration did not 
work (indeed, population response may have been better than without the restoration). Communicating this 
life-cycle and cumulative-impacts perspective is difficult but necessary to maintain public support for restoration 
projects of this scale. 


Measuring population response within a stock-recruit framework requires enough years of both spawners and 
subsequent recruits. It also requires sufficient treatment in habitat to induce a change in demographics that will 
shift stock-recruit relationships. We discuss the need for population bonanzas to test the stock-recruit 
relationships under current restoration. We have uncertainty when this will occur in the Skagit populations. For 
restoration, we do   have a schedule for additional restoration actions that are intended on the landscape. We 
know that a number of restoration projects are planned within the next 5 years that would apply more 
treatment to assess population response. Several ongoing modeling efforts may allow us to project whether 
restoration planned within the time frame of the IMW will produce a response given larger outmigration sizes 
and the current range of variation in marine and early freshwater survival. 


Strait of Juan de Fuca: No response 
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Question 10 


What issues have arisen during the study that have compromised your ability to address the primary study 
objectives? Using the drop down menus in the spreadsheet, please respond to the following categories with 
yes or no; we will discuss the details at the workshop. 


 


Categories: unanticipated difficulties with study design, insufficient number and size of restoration actions in the 
treatment watersheds, the treatment phase being so long the ability to measure response was impacted, 
unanticipated environmental variability obscuring treatment effects, other. 


 


Table of IMW responses 
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unanticipated 


difficulties with study 


design 


 Yes Yes No Yes No Yes Yes Yes No No Yes 


insufficient number and 


size of restoration 


actions in the 


treatment watersheds 


 Yes No Yes No Yes No Yes Yes No Yes No 


the treatment phase 


being so long the ability 


to measure response 


was impacted 


 No No No No Yes Yes Yes Yes No Yes Yes 


unanticipated 


environmental 


variability obscuring 


treatment effects 


  Yes No Yes Yes Yes Yes Yes Yes No Yes 


other* Yes Yes Yes  Yes  Yes  Yes No Yes  


*Asotin IMW had difficulties with the ability to maintain large monitoring infrastructure and manage large 
amount of data. There was not enough funding to implement a large monitoring program and manage the data. 
We also lost some data due to a private land owner not allowing access to two monitoring sites for 1-2 years. 


Question 11 


What are the key items that would be lost or that we would miss out on if IMW funding decreases or 
disappears?  


IMW responses 


Asotin Creek: Fully developing the low-tech process-based restoration method - understanding how to 
implement, maintain, and what is possible (i.e., extent of floodplain connection, habitat improvements, etc.). 
Completing the experiment to - finishing the monitoring (3-5 years), understanding and quantifying the fish 
response, being able to explain how best to add LWD to improve habitat and fish abundance. And understanding 
what is possible - what are the costs of restoration, the extent that can be treated, the amount of maintenance 
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required, how different stream types respond, synthesis of results into coherent recommendations for future 
restoration. 


Bridge Creek: The long-term impacts such as what happens when ponds fill will not be evaluated. The Bridge 
Creek IMW did decrease after 7 yrs and finished the following year.  Recently funding was provided by OWEB to 
continue monitoring after a 4 yr hiatus.  Monitoring was resumed during this hot drought year.  The loss of 
cumulative tagging of the population, especially in low a population abundance year will result in a low sample 
size and the ability to estimate survival, growth, and production,  will be greatly diminished as will the ability to 
track the trends during the warm low water past years has been lost.   


Elwha: How long does it take to develop self-sustaining salmon populations after dam removal? How does it 
vary according to species and management strategy?   


Hood Canal: Our expectation is that both the hydrologic processes we are attempting to restore and the fish 
population will take time to respond to restoration.  In our project planning, we had always targeted 10-12 years 
(roughly 4 Coho Salmon generations) of post-project monitoring to evaluate the fish response.  With restoration 
occurring as recently as fall 2020 (Seabeck culvert replacement), reducing or cutting funding now would 
undermine or eliminate our ability to evaluate a fish response. 


Lemhi: Habitat restoration efforts in the Lemhi River, and arguably throughout the upper Salmon River basin, 
would suffer if IMW funding was reduced or lost. Significant Lemhi River restoration actions (tributary 
reconnections/large floodplain enhancement projects) are ongoing, thus, ample time is need to evaluate 
benefits. Furthermore, practitioners are depending on monitoring results to inform and shape future project 
development (adaptive management), which would not be possible without the Lemhi IMW. 


Lower Columbia: Fish population monitoring in the LC IMW complex is not complete, despite a valuable time 
series of life cycle monitoring dating back to 2000. The workplan developed in 2015 identified a post-treatment 
monitoring period of 10 years to significantly detect a population response in salmon and steelhead. Restoration 
treatments are just wrapping up, meaning that an additional 10 years of monitoring through 2032 are required 
to assess the effects of restoration on salmon and steelhead populations in this complex.  


Methow: Not applicable, no IMW funding in place. 


Middle Fork John Day:  


1. The iterative, evolving, adaptive framework of the MFIMW allows for the flexibility for new talent and ideas 
to flourish in an area, and afford people who have a fresh perspective the opportunity to approach a 
problem with a new way of thinking. Reduced or eliminated funding would significantly stall progress 
toward understanding watershed ecology and using that information to manage our watersheds more 
effectively.  


2. Oregon Watershed Enhancement Board Focused Investment Partnership funding has provided focused 
restoration actions in the MFIMW area - if IMW funding decreases or is lost, we will lose the opportunity to 
measure response to these targeted restoration actions. 


3. The MFIMW is in the second phase of adaptive monitoring following the initial 10 years of restoration and 
monitoring which resulted in a long list of lessons learned and recommendations - loss of funding would 
impact the ability of MFIMW partners to continue with adaptive research and focused restoration projects. 


4. Challenges within the watershed are ongoing and unknown, i.e., climate change, extreme drought 
conditions, invasive species, predation, etc. As challenges and changes arise, the IMW platform and 
organization has allowed partners to leverage the long-term datasets and knowledge, and the flexibility to 
answer future questions.  


5. Decreased or lost IMW funding would curtail our ability to carry out the essential watershed scale and 
project restoration monitoring actions and conduct the analyses required to assess the efficacy of the 
MFIMW and document changes to salmonid populations, distribution, and habitat use. If the MFIMW were 
to lose funding at this stage in the study, it would jeopardize our ability to assess changes in population 
productivity over an appropriate time scale (i.e., multiple generations of salmonids and a reasonable time 
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for riparian growth).  In addition, we would lose the multi-agency collaboration and pooled funding for 
resources and staff dedicated to MFIMW work within partner agencies (ODFW, CTWS, NFJDWC). 


6. We are currently in pre-restoration monitoring for several important restoration projects – decrease or loss 
of IMW funding would curtail our ability to document fish response to these restoration projects.  


7. Response of riparian and aquatic systems to restoration takes time. While some parts of the system respond 
quickly, other parts respond slowly. For example, growing trees large enough to supply LWD to the stream 
may take decades. Therefore, our 23-year span of monitoring some sites is an important and valuable step, 
but monitoring should continue on the Middle Fork John Day River. In particular, the valuable systematic 
monitoring under the MFIMW program, which started in 2008, should be continued. 


Potlatch: We utilize multiple funding sources to monitor and evaluate the steelhead response to restoration 
activities in the Potlatch River. IMW funds cover approximately 50% of the annual monitoring expenses. We 
would have to make drastic changes to our monitoring activities, either dropping an entire tier of monitoring 
(i.e., tributary monitoring activities) or reduce the spatial extent of our monitoring to a single index watershed. 
As a result, the IMW project could not be fully evaluated if funding decreases or disappears. 


Pudding: No response 


Skagit: Understanding how well one of the largest connectivity restoration projects planned in Puget Sound 
(McGlinn Island) benefits Chinook Salmon. 


Strait of Juan de Fuca: The effects of restoration can take years to decades to manifest, and can be masked by 
the large variability in population dynamics due to outside factors (ocean conditions, harvest, etc.). Restoration 
actions can also take years to settle in and reach full effectiveness. 


 


Question 12 


What do you see as your minimum and desired funding levels over the next 5 years? Please specify if there 
are specific, one-time, funding needs outside of the regular monitoring activities, such as data analysis, 
synthesis, and/or outreach and communication. 


IMW responses 


Asotin Creek: Minimum is to continue current level of funding ~250-290,000 for 4 years (i.e., until 2025). It 
would be desirable to have an extra $15-25,000 to fly the IMW study area and collect Lidar (a repeat flight to 
allow comparison with pre-restoration lidar), 5$0-100,00k to continue maintenance enhancement, and 
installation of BDAs, and $100-150,000 for more analysis and reporting budget to finish analysis and write a 
comprehensive report and publish several journal articles.  


Bridge Creek: No response 


Elwha: The current monitoring program on the Elwha River costs ~300K/year and funds adult enumeration using 
SONAR, smolt outmigrations, spatial distribution monitoring, and proportion of natural origin (pNOS) and 
hatchery origin (pHOS) spawners on the natural spawning grounds.  Maintaining that level of funding would be 
ideal for at least another 10 years 


Hood Canal: We wish to maintain our fish and habitat monitoring field operations for the next five years (and 
beyond).  I expect that we can conduct data analysis, paper writing and external communication activities as in-
kind contributions of our project team's time even though these activities are under-funded. 


Lemhi: At minimum, we would like to continue to see our current funding maintained over the next five years. 
Currently, we depend on three different sources (including IMW) to obtain sufficient funding to achieve our 
goals in the Lemhi River basin. Ideally, IMW budgets would include an annual 2-3% increase. It is also important 
to note that much of the monitoring infrastructure, such as PIT-tag arrays, backpack electrofishers, and nets 
(just to name a few) are nearing the end of their useful life. Replacing this equipment will be difficult under flat 
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budget scenarios. Finally, once we have achieved the bulk of our restoration goals, we need a minimum of 7-10 
years post-treatment monitoring to accurately assess the response of population productivity to restoration 
actions. This funding will be critical to effectively determining the outcomes and success of the IMW program. A 
request for additional funding would help to further evaluate and summarize (e.g., publish) our results.  


Lower Columbia: Complete life cycle monitoring of fish populations in the LC IMW complex requires ~$450,000 
per year. Currently, we receive ~$250,000 annually for all monitoring tasks. The discrepancy is supplemented by 
Pacific Coastal Salmon Recovery Fund Shortfall dollars, but this is not sustainable in the long term.  


Methow: Not applicable, no IMW funding in place. 


Middle Fork John Day:  


1. Funding levels as they currently stand are functional, but we rely on partner collaboration (without IMW 
funding) within and outside our IMW to accomplish monitoring at the current levels. Our IMW would benefit 
from additional funding for a statistician to assist with large-scale analyses and to assess the statistical 
power of monitoring results.  In addition, we do not have an individual in charge of or dedicated to outreach 
and communication, and our IMW, along with partners in the basin, would benefit from assistance with 
regular website updates, data sharing, communications, and graphical design. 


2. We are currently at minimum direct funding level for maintaining monitoring efforts. We have benefited 
from continued funding from Bonneville Power Administration and OWEB supporting fish and habitat 
monitoring, respectively. However, funding for important collaborators has drastically declined limiting our 
ability to leverage the expertise of academic institutions and consultants with experience in regional 
restoration monitoring. 


Potlatch: At a minimum, we need to stay at our current funding levels over the next 5 years. However, funding 
has been stagnant for the past decade although the cost of salaries, equipment, and supplies have increased 
considerably. Ideally, IMW budgets would include annual 2-3% increases. It is also important to note that much 
of the monitoring infrastructure in many IMWs, such as PIT tag arrays, backpack electrofishers, etc., are nearing 
the end of their useful life. Replacing this equipment will be difficult under flat budget scenarios. Finally, once 
we have achieved the bulk of our restoration goals, we need a minimum of 7-10 years post-treatment 
monitoring to accurately assess the response of population productivity to restoration actions. This funding will 
be critical to effectively determining the outcomes and successes of the IMW program.  


Pudding: No response 


Skagit: We would like to see at least the same amount of funding we have previously received maintained for at 
least the next 5 years. That said, our relatively fixed budgets, combined with higher costs over time, have 
resulted in a net erosion of funding for the basic work. A 10% increase in funding would help facilitate better 
monitoring, production of research papers on the project, and other outreach. 


Strait of Juan de Fuca: Current funding is adequate to cover salary, travel, PIT tags, and some equipment 
maintenance. A one-time investment of ~$25,000 would allow us to upgrade the last of three PIT tag antenna 
sites (East Twin River). The gear is obsolete and failing and provides only 1/4 of the detection range of the new 
systems currently in Deep Creek and the West Twin River.  In terms of funding to support restoration, this has 
always been a struggle.  Additional restoration work has been identified but there is not money available to 
complete it. 








  STATE LISTED SPECIES 
Revised March 2022 


The Washington Fish and Wildlife Commission has classified the following 46 species as Endangered, 
Threatened, or Sensitive.  The federal status of species under the Endangered Species Act differs in 
some cases from state status; federal status is indicated by: Federal Endangered (FE), Threatened (FT), 
Candidate (FC), USFWS has made a 90‐day finding that listing may be warranted (90d), or a NOAA 
Species of Concern (FSC). 


STATE ENDANGERED 
A species native to the State of Washington 
that is seriously threatened with extinction 
throughout all or a significant portion of its 
range within the state. 
 
The 35 State Endangered species listed below are 
designated in Washington Administrative  
Code 220‐610‐010 


STATE THREATENED 
A species native to the state of Washington that 
is likely to become endangered within the 
foreseeable future throughout a significant 
portion of its range within the state without 
cooperative management or removal of threats. 
 
The 5 State Threatened species are designated in 
Washington Administrative Code 220‐200‐100 


STATE SENSITIVE 
A species native to the state …that is 
vulnerable or declining and is likely to 
become endangered or threatened in a 
significant portion of its range within the 
state without cooperative management or 
removal of threats. 
The 6 State Sensitive species are  
designated in Washington Administrative 
Code 220‐200‐100 


MAMMALS (14) 
Fin Whale  FE 
Sei Whale   FE 
Blue Whale   FE 
Humpback Whale      FT/FE# 
       #Mexico DPS=T; Central America DPS=E 
North Pacific Right Whale   FE 
Sperm Whale  FE 
Killer Whale                                                       FE#    
           #Southern Residents only                                  


Gray Wolf                                                          FE# 
#Federally listed west of north-south line 
following Highways 97, 17, and 395.  


Grizzly Bear   FT 
Lynx                                                                     FT 
Fisher                                                                    ‐ 
Columbian White‐tailed Deer  FT 
Woodland Cariboux  FE 
Pygmy Rabbit  FE 


BIRDS (12) 
Sandhill Crane  ‐ 
Snowy Plover  FT 
Upland Sandpiperx  ‐ 
Marbled Murrelet                                             FT 
Tufted Puffin                                                        ‐ 
Columbian Sharp‐tailed Grouse                      ‐ 
Greater Sage‐Grouse                                         ‐ 
Ferruginous Hawk                                              ‐ 
Northern Spotted Owl  FT 
Yellow‐billed Cuckoox                                       FT 
Streaked Horned Lark  FT 
Oregon Vesper Sparrow   90d 
 


REPTILES (3) 
Western Pond Turtle                                      90d 
Leatherback Sea Turtle  FE 
Loggerhead Sea Turtle                                     FE 


 


AMPHIBIANS (2) 
Oregon Spotted Frog  FT 
Northern Leopard Frog                                     ‐ 


INVERTEBRATES (4) 
Oregon Silverspot Butterflyx  FT 
Taylor’s Checkerspot  FE 
Mardon Skipper                                                  ‐ 
Pinto Abalone                                                     ‐ 


MAMMALS (3) 
Sea Otter                                                               ‐ 
Western Gray Squirrel                                         ‐ 
Mazama Pocket Gopher   
    subsp. glacialis, pugetensis, tumuli, yelmensis      FT 
…subsp. couchi, louieix, melanops                           ‐ 
 


BIRDS (1) 
American White Pelican                                      ‐ 


 


REPTILES (1) 
Green Sea Turtle  FT 
 
 
 
 
 
 
 
xThese species are, or may be, extirpated from all 
of their historical range in Washington 
 
 
 
 
 
 


For more information, check our website:   
 https://wdfw.wa.gov/species‐habitats/species 


 
 


Or contact us at: 
wildthing@dfw.wa.gov  


or 
Wildlife Program (360) 902‐2515 
Fish Program (360) 902‐2700 


 


 
For more information on federal status, check the 
US Fish and Wildlife Service or the NOAA National 
Marine Fisheries Service 


MAMMALS (1) 
Gray Whale                                             FE# 
      #Western North Pacific Stock 


 


BIRDS (1) 
Common Loon  ‐ 


 
FISH (3) 


Pygmy Whitefish  ‐ 
Margined Sculpin  ‐ 
Olympic Mudminnow   ‐ 
 


AMPHIBIAN (1) 
Larch Mountain Salamander  ‐ 
 
 
 
 
 
 
 
 
 
 


 


 
 
 
 


 







 


STATE CANDIDATE SPECIES 
Revised March 2022 


The Washington Department of Fish and Wildlife has designated the following 71 species as Candidates for 
listing in Washington as State Endangered, Threatened, or Sensitive.  The Department reviews species for 
listing following procedures in Washington Administrative Code 220‐610‐110.  The federal status of species 
under the Endangered Species Act differs in some cases from state status; federal status is indicated by: 
Federal Endangered (FE), Threatened (FT), Candidate (FC), USFWS has made a 90‐day finding that listing may 
be warranted (90d), or a NOAA Fisheries Species of Concern (FSC). 


 
MAMMALS (10) 


Townsend’s Big‐eared Bat  ‐ 
Keen’s Myotis Bat  ‐ 
White‐tailed Jackrabbit  ‐ 
Black‐tailed Jackrabbit  ‐ 
Washington Ground Squirrel  ‐ 
Townsend’s Ground Squirrel   
        South of the Yakima River   ‐ 
Olympic Marmot  ‐ 
Cascade Red Fox                                       ‐ 
Wolverine  ‐ 
Pacific Harbor Porpoise  ‐ 
 


BIRDS (14) 
Western Grebe  ‐ 
Clark’s Grebe                                             ‐ 
Short‐tailed Albatross  FE 
Northern Goshawk  ‐ 
Golden Eagle  ‐ 
Cassin’s Auklet  ‐ 
Flammulated Owl  ‐ 
Burrowing Owl  ‐ 
White‐headed Woodpecker  ‐ 
Black‐backed Woodpecker  ‐ 
Loggerhead Shrike  ‐ 
Slender‐billed White‐breasted Nuthatch  ‐ 
Sage Thrasher  ‐ 
Sagebrush Sparrow  ‐ 
 
 


REPTILES and AMPHIBIANS (10) 
Sagebrush Lizard  ‐ 
Common Sharp‐tailed Snake  ‐ 
California Mountain Kingsnake  ‐ 
Striped Whipsnake  ‐ 
Dunn’s Salamander  ‐ 
Van Dyke’s Salamander  ‐ 
Cascade Torrent Salamander   90d 
Western Toad  ‐ 
Columbia Spotted Frog  ‐ 
Rocky Mountain Tailed Frog  ‐ 
 
 
 


 
FISH (10) 


Mountain Sucker   ‐ 
Lake Chub  ‐ 
Leopard Dace  ‐ 
Umatilla Dace  ‐ 
River Lamprey  ‐ 
Steelhead 


Snake River   FT 
Upper Columbia   FT 
Middle Columbia   FT 
Lower Columbia   FT 
Puget Sound………………………………….FT 


Bull Trout                                       FT 
 
 


MOLLUSKS (7) 
Shortface Lanx                                            ‐ 
Ashy (Columbia) Pebblesnail                    ‐ 
California Floater                                        ‐ 
Columbia Oregonian (snail)                      90d 
Poplar Oregonian (snail)                             ‐ 
Dalles Sideband (snail)                                ‐ 
Blue‐gray Taildropper (slug)                      ‐ 


  


 
 


Many species of uncertain conservation 
need are listed in our State Wildlife Action 


Plan: 
https://wdfw.wa.gov/species‐habitats/at‐


risk/swap 
 


 
INSECTS (18) 


Beller’s Ground Beetle  ‐ 
Mann’s Mollusk‐eating Ground Beetle 
Columbia River Tiger Beetle  ‐ 
Hatch’s Click Beetle  ‐ 
Columbia Clubtail (dragonfly)              ‐ 
Pacific Clubtail                                         ‐ 
Sand‐verbena Moth       ‐ 
Yuma Skipper  ‐ 
Makah Copper  ‐ 
Chinquapin Hairstreak  ‐ 
Johnson’s Hairstreak  ‐ 
Juniper Hairstreak  ‐ 
Puget Blue  ‐ 
Valley Silverspot  ‐ 
Silver‐bordered Fritillary  ‐ 
Great Arctic  ‐ 
Island Marble  FE 
Western Bumble Bee                          90d 
 


OTHER INVERTEBRATES (2) 
Giant Palouse Earthworm       ‐ 
Leschi’s Millipede        ‐ 
 


 
 
 
 
 
 


For more information, check our 
website:  


 https://wdfw.wa.gov/species‐
habitats/species 


    Or contact us: 
Wildlife Program (360) 902‐2515 
Fish Program (360) 902‐2700 
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WAC 173-201A-020  Definitions.  The following definitions are in-
tended to facilitate the use of chapter 173-201A WAC:


"1-DMax" or "1-day maximum temperature" is the highest water tem-
perature reached on any given day. This measure can be obtained using 
calibrated maximum/minimum thermometers or continuous monitoring 
probes having sampling intervals of 30 minutes or less.


"7-DADMax" or "7-day average of the daily maximum temperatures" 
is the arithmetic average of seven consecutive measures of daily maxi-
mum temperatures. The 7-DADMax for any individual day is calculated by 
averaging that day's daily maximum temperature with the daily maximum 
temperatures of the three days prior and the three days after that 
date.


"Action value" means a total phosphorus (TP) value established at 
the upper limit of the trophic states in each ecoregion (see Table 
230(1)). Exceedance of an action value indicates that a problem is 
suspected. A lake-specific study may be needed to confirm if a nu-
trient problem exists.


"Actions" refers broadly to any human projects or activities.
"Acute conditions" are changes in the physical, chemical, or bio-


logic environment which are expected or demonstrated to result in in-
jury or death to an organism as a result of short-term exposure to the 
substance or detrimental environmental condition.


"AKART" is an acronym for "all known, available, and reasonable 
methods of prevention, control, and treatment." AKART shall represent 
the most current methodology that can be reasonably required for pre-
venting, controlling, or abating the pollutants associated with a dis-
charge. The concept of AKART applies to both point and nonpoint sour-
ces of pollution. The term "best management practices," typically ap-
plied to nonpoint source pollution controls is considered a subset of 
the AKART requirement.


"Ambient water quality" refers to the conditions and properties 
of a surface water of the state as determined by the results of water 
samples, measurements, or observations.


"Background" means the biological, chemical, and physical condi-
tions of a water body, outside the area of influence of the discharge 
under consideration. Background sampling locations in an enforcement 
action would be up-gradient or outside the area of influence of the 
discharge. If several discharges to any water body exist, and enforce-
ment action is being taken for possible violations to the standards, 
background sampling would be undertaken immediately up-gradient from 
each discharge.


"Best management practices (BMP)" means physical, structural, 
and/or managerial practices approved by the department that, when used 
singularly or in combination, prevent or reduce pollutant discharges.


"Biological assessment" is an evaluation of the biological condi-
tion of a water body using surveys of aquatic community structure and 
function and other direct measurements of resident biota in surface 
waters.


"Bog" means those wetlands that are acidic, peat forming, and 
whose primary water source is precipitation, with little, if any, out-
flow.


"Carcinogen" means any substance or agent that produces or tends 
to produce cancer in humans. For implementation of this chapter, the 
term carcinogen will apply to substances on the United States Environ-
mental Protection Agency lists of A (known human) and B (probable hu-
man) carcinogens, and any substance which causes a significant in-
creased incidence of benign or malignant tumors in a single, well con-
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ducted animal bioassay, consistent with the weight of evidence ap-
proach specified in the United States Environmental Protection Agen-
cy's Guidelines for Carcinogenic Risk Assessment as set forth in 51 FR 
33992 et seq. as presently published or as subsequently amended or re-
published.


"Chronic conditions" are changes in the physical, chemical, or 
biologic environment which are expected or demonstrated to result in 
injury or death to an organism as a result of repeated or constant ex-
posure over an extended period of time to a substance or detrimental 
environmental condition.


"Combined sewer overflow (CSO) treatment plant" is a facility 
that provides at-site treatment as provided for in chapter 173-245 
WAC. A CSO treatment plant is a specific facility identified in a de-
partment-approved CSO reduction plan (long-term control plan) that is 
designed, operated and controlled by a municipal utility to capture 
and treat excess combined sanitary sewage and stormwater from a com-
bined sewer system.


"Compliance schedule" or "schedule of compliance" is a schedule 
of remedial measures included in a permit or an order, including an 
enforceable sequence of interim requirements (for example, actions, 
operations, or milestone events) leading to compliance with an efflu-
ent limit, other prohibition, or standard.


"Created wetlands" means those wetlands intentionally created 
from nonwetland sites to produce or replace natural wetland habitat.


"Critical condition" is when the physical, chemical, and biologi-
cal characteristics of the receiving water environment interact with 
the effluent to produce the greatest potential adverse impact on 
aquatic biota and existing or designated water uses. For steady-state 
discharges to riverine systems the critical condition may be assumed 
to be equal to the 7Q10 flow event unless determined otherwise by the 
department.


"Damage to the ecosystem" means any demonstrated or predicted 
stress to aquatic or terrestrial organisms or communities of organisms 
which the department reasonably concludes may interfere in the health 
or survival success or natural structure of such populations. This 
stress may be due to, but is not limited to, alteration in habitat or 
changes in water temperature, chemistry, or turbidity, and shall con-
sider the potential build up of discharge constituents or temporal in-
creases in habitat alteration which may create such stress in the long 
term.


"Department" means the state of Washington department of ecology.
"Designated uses" are those uses specified in this chapter for 


each water body or segment, regardless of whether or not the uses are 
currently attained.


"Director" means the director of the state of Washington depart-
ment of ecology.


"Drainage ditch" means that portion of a designed and constructed 
conveyance system that serves the purpose of transporting surplus wa-
ter; this may include natural water courses or channels incorporated 
in the system design, but does not include the area adjacent to the 
water course or channel.


"Ecoregions" are defined using EPAs Ecoregions of the Pacific 
Northwest Document No. 600/3-86/033 July 1986 by Omernik and Gallant.


"Enterococci" refers to a subgroup of fecal streptococci that in-
cludes S. faecalis, S. faecium, S. gallinarum, and S. avium. The en-
terococci are differentiated from other streptococci by their ability 
to grow in 6.5% sodium chloride, at pH 9.6, and at 10°C and 45°C.
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"E. coli" is a bacterium in the family Enterobacteriaceae named 
Escherichia coli and is a common inhabitant of the intestinal tract of 
warm-blooded animals, and its presence in water samples is an indica-
tion of fecal pollution and the possible presence of enteric patho-
gens.


"Existing uses" means those uses actually attained in fresh or 
marine waters on or after November 28, 1975, whether or not they are 
designated uses. Introduced species that are not native to Washington, 
and put-and-take fisheries comprised of nonself-replicating introduced 
native species, do not need to receive full support as an existing 
use.


"Fecal coliform" means that portion of the coliform group which 
is present in the intestinal tracts and feces of warm-blooded animals 
as detected by the product of acid or gas from lactose in a suitable 
culture medium within 24 hours at 44.5 plus or minus 0.2 degrees Cel-
sius.


"Geometric mean" means either the nth root of a product of n fac-
tors, or the antilogarithm of the arithmetic mean of the logarithms of 
the individual sample values.


"Ground water exchange" means the discharge and recharge of 
ground water to a surface water. Discharge is inflow from an aquifer, 
seeps or springs that increases the available supply of surface water. 
Recharge is outflow downgradient to an aquifer or downstream to sur-
face water for base flow maintenance. Exchange may include ground wa-
ter discharge in one season followed by recharge later in the year.


"Hardness" means a measure of the calcium and magnesium salts 
present in water. For purposes of this chapter, hardness is measured 
in milligrams per liter and expressed as calcium carbonate (CaCO3).


"Intake credit" is a procedure for establishing effluent limits 
that takes into account the amount of a pollutant that is present in 
waters of the state, at the time water is removed from the same body 
of water by the discharger or other facility supplying the discharger 
with intake water.


"Intragravel dissolved oxygen" means the concentration of dis-
solved oxygen in the spaces between sediment particles in a streambed.


"Irrigation ditch" means that portion of a designed and construc-
ted conveyance system that serves the purpose of transporting irriga-
tion water from its supply source to its place of use; this may in-
clude natural water courses or channels incorporated in the system de-
sign, but does not include the area adjacent to the water course or 
channel.


"Lakes" shall be distinguished from riverine systems as being wa-
ter bodies, including reservoirs, with a mean detention time of great-
er than 15 days.


"Lake-specific study" means a study intended to quantify existing 
nutrient concentrations, determine existing characteristic uses for 
lake class waters, and potential lake uses. The study determines how 
to protect these uses and if any uses are lost or impaired because of 
nutrients, algae, or aquatic plants. An appropriate study must recom-
mend a criterion for total phosphorus (TP), total nitrogen (TN) in 
µg/l, or other nutrient that impairs characteristic uses by causing 
excessive algae blooms or aquatic plant growth.


"Mean detention time" means the time obtained by dividing a res-
ervoir's mean annual minimum total storage by the 30-day 10-year low-
flow from the reservoir.
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"Migration" or "translocation" means any natural movement of an 
organism or community of organisms from one locality to another local-
ity.


"Migration for naturally limited waters" is a subcategory of the 
aquatic life use of salmonid rearing and migration that is limited by 
the natural physical, chemical, or biological characteristics of the 
water body.


"Mixing zone" means that portion of a water body adjacent to an 
effluent outfall where mixing results in the dilution of the effluent 
with the receiving water. Water quality criteria may be exceeded in a 
mixing zone as conditioned and provided for in WAC 173-201A-400.


"Natural conditions" or "natural background levels" means surface 
water quality that was present before any human-caused pollution. When 
estimating natural conditions in the headwaters of a disturbed water-
shed it may be necessary to use the less disturbed conditions of a 
neighboring or similar watershed as a reference condition. (See also 
WAC 173-201A-260(1).)


"New or expanded actions" mean human actions that occur or are 
regulated for the first time, or human actions expanded such that they 
result in an increase in pollution, after July 1, 2003, for the pur-
pose of applying this chapter only.


"Nonpoint source" means pollution that enters any waters of the 
state from any dispersed land-based or water-based activities includ-
ing, but not limited to, atmospheric deposition; surface water runoff 
from agricultural lands, urban areas, or forest lands; subsurface or 
underground sources; or discharges from boats or marine vessels not 
otherwise regulated under the National Pollutant Discharge Elimination 
System program.


"Permit" means a document issued pursuant to chapter 90.48 RCW 
specifying the waste treatment and control requirements and waste dis-
charge conditions.


"pH" means the negative logarithm of the hydrogen ion concentra-
tion.


"Pollution" means such contamination, or other alteration of the 
physical, chemical, or biological properties, of any waters of the 
state, including change in temperature, taste, color, turbidity, or 
odor of the waters, or such discharge of any liquid, gaseous, solid, 
radioactive, or other substance into any waters of the state as will 
or is likely to create a nuisance or render such waters harmful, det-
rimental, or injurious to the public health, safety, or welfare, or to 
domestic, commercial, industrial, agricultural, recreational, or other 
legitimate beneficial uses, or to livestock, wild animals, birds, 
fish, or other aquatic life.


"Primary contact recreation" means activities where a person 
would have direct contact with water to the point of complete submer-
gence including, but not limited to, skin diving, swimming, and water 
skiing.


"Salmonid spawning, rearing, and migration for naturally limited 
waters" is a subcategory of the aquatic life use of salmonid spawning, 
rearing, and migration that is limited by the natural physical, chemi-
cal, or biological characteristics of the water body.


"Shoreline stabilization" means the anchoring of soil at the wa-
ter's edge, or in shallow water, by fibrous plant root complexes; this 
may include long-term accretion of sediment or peat, along with shore-
line progradation in such areas.


"Spatial median" is the middle value of multiple ranked measure-
ments taken within the sampling area.
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"Stormwater" means that portion of precipitation that does not 
naturally percolate into the ground or evaporate, but flows via over-
land flow, interflow, pipes, and other features of a stormwater drain-
age system into a defined surface water body, or a constructed infil-
tration facility.


"Stormwater attenuation" means the process by which peak flows 
from precipitation are reduced and runoff velocities are slowed as a 
result of passing through a surface water body.


"Surface waters of the state" includes lakes, rivers, ponds, 
streams, inland waters, saltwaters, wetlands and all other surface wa-
ters and water courses within the jurisdiction of the state of Wash-
ington.


"Temperature" means water temperature expressed in degrees Cel-
sius (°C).


"Treatment wetlands" means those wetlands intentionally construc-
ted on nonwetland sites and managed for the primary purpose of waste-
water or stormwater treatment. Treatment wetlands are considered part 
of a collection and treatment system, and generally are not subject to 
the criteria of this chapter.


"Trophic state" means a classification of the productivity of a 
lake ecosystem. Lake productivity depends on the amount of biological-
ly available nutrients in water and sediments and may be based on to-
tal phosphorus (TP). Secchi depth and chlorophyll-a measurements may 
be used to improve the trophic state classification of a lake. Trophic 
states used in this rule include, from least to most nutrient rich, 
ultra-oligotrophic, oligotrophic, lower mesotrophic, upper mesotro-
phic, and eutrophic.


"Turbidity" means the clarity of water expressed as nephelometric 
turbidity units (NTU) and measured with a calibrated turbidimeter.


"Upwelling" means the natural process along Washington's Pacific 
Coast where the summer prevailing northerly winds produce a seaward 
transport of surface water. Cold, deeper more saline waters rich in 
nutrients and low in dissolved oxygen, rise to replace the surface wa-
ter. The cold oxygen deficient water enters Puget Sound and other 
coastal estuaries at depth where it displaces the existing deep water 
and eventually rises to replace the surface water. Such surface water 
replacement results in an overall increase in salinity and nutrients 
accompanied by a depression in dissolved oxygen. Localized upwelling 
of the deeper water of Puget Sound can occur year-round under influ-
ence of tidal currents, winds, and geomorphic features.


"USEPA" means the United States Environmental Protection Agency.
"Variance" is a time-limited designated use and criterion as de-


fined in 40 C.F.R. 131.3, and must be adopted by rule.
"Wetlands" means areas that are inundated or saturated by surface 


water or ground water at a frequency and duration sufficient to sup-
port, and that under normal circumstances do support, a prevalence of 
vegetation typically adapted for life in saturated soil conditions. 
Wetlands generally include swamps, marshes, bogs, and similar areas. 
Wetlands do not include those artificial wetlands intentionally cre-
ated from nonwetland sites including, but not limited to, irrigation 
and drainage ditches, grass-lined swales, canals, detention facili-
ties, wastewater treatment facilities, farm ponds, and landscape amen-
ities, or those wetlands created after July 1, 1990, that were unin-
tentionally created as a result of the construction of a road, street, 
or highway. Wetlands may include those artificial wetlands intention-
ally created from nonwetland areas to mitigate the conversion of wet-
lands. (Water bodies not included in the definition of wetlands as 
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well as those mentioned in the definition are still waters of the 
state.)


"Wildlife habitat" means waters of the state used by, or that di-
rectly or indirectly provide food support to, fish, other aquatic 
life, and wildlife for any life history stage or activity.
[Statutory Authority: RCW 90.48.035 and 40 C.F.R. 131.20. WSR 
22-07-095 (Order 19-05), § 173-201A-020, filed 3/22/22, effective 
4/22/22; WSR 21-19-097 (Order 20-01), § 173-201A-020, filed 9/17/21, 
effective 10/18/21; WSR 19-04-007 (Order 16-07), § 173-201A-020, filed 
1/23/19, effective 2/23/19. Statutory Authority: RCW 90.48.035, 
90.48.605 and section 303(c) of the Federal Water Pollution Control 
Act (Clean Water Act), C.F.R. 40, C.F.R. 131. WSR 16-16-095 (Order 
12-03), § 173-201A-020, filed 8/1/16, effective 9/1/16. Statutory Au-
thority: RCW 90.48.035. WSR 11-09-090 (Order 10-10), § 173-201A-020, 
filed 4/20/11, effective 5/21/11. Statutory Authority: Chapters 90.48 
and 90.54 RCW. WSR 03-14-129 (Order 02-14), § 173-201A-020, filed 
7/1/03, effective 8/1/03. Statutory Authority: Chapter 90.48 RCW and 
40 C.F.R. 131. WSR 97-23-064 (Order 94-19), § 173-201A-020, filed 
11/18/97, effective 12/19/97. Statutory Authority: Chapter 90.48 RCW. 
WSR 92-24-037 (Order 92-29), § 173-201A-020, filed 11/25/92, effective 
12/26/92.]
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WAC 173-201A-260  Natural conditions and other water quality cri-
teria and applications.  (1) Natural and irreversible human condi-
tions.


(a) It is recognized that portions of many water bodies cannot 
meet the assigned criteria due to the natural conditions of the water 
body. When a water body does not meet its assigned criteria due to 
natural climatic or landscape attributes, the natural conditions con-
stitute the water quality criteria.


(b) When a water body does not meet its assigned criteria due to 
human structural changes that cannot be effectively remedied (as de-
termined consistent with the federal regulations at 40 C.F.R. 131.10), 
then alternative estimates of the attainable water quality conditions, 
plus any further allowances for human effects specified in this chap-
ter for when natural conditions exceed the criteria, may be used to 
establish an alternative criteria for the water body (see WAC 
173-201A-430 and 173-201A-440).


(2) Toxics and aesthetics criteria. The following narrative cri-
teria apply to all existing and designated uses for fresh and marine 
water:


(a) Toxic, radioactive, or deleterious material concentrations 
must be below those which have the potential, either singularly or cu-
mulatively, to adversely affect characteristic water uses, cause acute 
or chronic conditions to the most sensitive biota dependent upon those 
waters, or adversely affect public health (see WAC 173-201A-240, toxic 
substances, and 173-201A-250, radioactive substances).


(b) Aesthetic values must not be impaired by the presence of ma-
terials or their effects, excluding those of natural origin, which of-
fend the senses of sight, smell, touch, or taste (see WAC 173-201A-230 
for guidance on establishing lake nutrient standards to protect aes-
thetics).


(3) Procedures for applying water quality criteria. In applying 
the appropriate water quality criteria for a water body, the depart-
ment will use the following procedure:


(a) The department will establish water quality requirements for 
water bodies, in addition to those specifically listed in this chap-
ter, on a case-specific basis where determined necessary to provide 
full support for designated and existing uses.


(b) Upstream actions must be conducted in manners that meet down-
stream water body criteria. Except where and to the extent described 
otherwise in this chapter, the criteria associated with the most up-
stream uses designated for a water body are to be applied to headwa-
ters to protect nonfish aquatic species and the designated downstream 
uses.


(c) Where multiple criteria for the same water quality parameter 
are assigned to a water body to protect different uses, the most 
stringent criterion for each parameter is to be applied.


(d) At the boundary between water bodies protected for different 
uses, the more stringent criteria apply.


(e) In brackish waters of estuaries, where different criteria for 
the same use occurs for fresh and marine waters, the decision to use 
the fresh water or the marine water criteria must be selected and ap-
plied on the basis of vertically averaged daily maximum salinity, re-
ferred to below as "salinity."


(i) The fresh water criteria must be applied at any point where 
ninety-five percent of the salinity values are less than or equal to 
one part per thousand, except that the fresh water criteria for bacte-
ria applies when the salinity is less than ten parts per thousand; and
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(ii) The marine water criteria must apply at all other locations 
where the salinity values are greater than one part per thousand, ex-
cept that the marine criteria for bacteria applies when the salinity 
is ten parts per thousand or greater.


(f) Numeric criteria established in this chapter are not intended 
for application to human created waters managed primarily for the re-
moval or containment of pollution. This special provision also in-
cludes private farm ponds created from upland sites that did not in-
corporate natural water bodies.


(i) Waters covered under this provision must be managed so that:
(A) They do not create unreasonable risks to human health or uses 


of the water; and
(B) Discharges from these systems meet down gradient surface and 


ground water quality standards.
(ii) This provision does not apply to waterways designed and man-


aged primarily to convey or transport water from one location to an-
other, rather than to remove pollution en route.


(g) When applying the numeric criteria established in this chap-
ter, the department will give consideration to the precision and accu-
racy of the sampling and analytical methods used, as well as the ex-
isting conditions at the time.


(h) The analytical testing methods for these numeric criteria 
must be in accordance with the "Guidelines Establishing Test Proce
dures for the Analysis of Pollutants" (40 C.F.R. Part 136) or super-
seding methods published. The department may also approve other meth-
ods following consultation with adjacent states and with the approval 
of the USEPA.


(i) The primary means for protecting water quality in wetlands is 
through implementing the antidegradation procedures described in Part 
III of this chapter.


(i) In addition to designated uses, wetlands may have existing 
beneficial uses that are to be protected that include ground water ex-
change, shoreline stabilization, and stormwater attenuation.


(ii) Water quality in wetlands is maintained and protected by 
maintaining the hydrologic conditions, hydrophytic vegetation, and 
substrate characteristics necessary to support existing and designated 
uses.


(iii) Wetlands must be delineated using the Washington State Wet
lands Identification and Delineation Manual, in accordance with WAC 
173-22-035.
[Statutory Authority: RCW 90.48.035. WSR 11-09-090 (Order 10-10), § 
173-201A-260, filed 4/20/11, effective 5/21/11. Statutory Authority: 
Chapters 90.48 and 90.54 RCW. WSR 03-14-129 (Order 02-14), § 
173-201A-260, filed 7/1/03, effective 8/1/03.]
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WAC 173-201A-310  Tier I—Protection and maintenance of existing 
and designated uses.  (1) Existing and designated uses must be main-
tained and protected. No degradation may be allowed that would inter-
fere with, or become injurious to, existing or designated uses, except 
as provided for in this chapter.


(2) For waters that do not meet assigned criteria, or protect ex-
isting or designated uses, the department will take appropriate and 
definitive steps to bring the water quality back into compliance with 
the water quality standards.


(3) Whenever the natural conditions of a water body are of a low-
er quality than the assigned criteria, the natural conditions consti-
tute the water quality criteria. Where water quality criteria are not 
met because of natural conditions, human actions are not allowed to 
further lower the water quality, except where explicitly allowed in 
this chapter.
[Statutory Authority: Chapters 90.48 and 90.54 RCW. WSR 03-14-129 (Or-
der 02-14), § 173-201A-310, filed 7/1/03, effective 8/1/03.]


Certified on 10/25/2019 WAC 173-201A-310 Page 1





				2019-10-24T10:55:24-0700

		Electronic transmittal












WAC 173-201A-330  Tier III—Protection of outstanding resource 
waters.  Where a high quality water is designated as an outstanding 
resource water, the water quality and uses of those waters must be 
maintained and protected. As part of the public process, a qualifying 
water body may be designated as Tier III(A) which prohibits any and 
all future degradation, or Tier III(B) which allows for de minimis 
(below measurable amounts) degradation from well-controlled activi-
ties.


(1) To be eligible for designation as an outstanding resource wa-
ter in Washington, one or more of the following must apply:


(a) The water is in a relatively pristine condition (largely ab-
sent human sources of degradation) or possesses exceptional water 
quality, and also occurs in federal and state parks, monuments, pre-
serves, wildlife refuges, wilderness areas, marine sanctuaries, es-
tuarine research reserves, or wild and scenic rivers;


(b) The water has unique aquatic habitat types (for example, peat 
bogs) that by conventional water quality parameters (such as dissolved 
oxygen, temperature, or sediment) are not considered high quality, but 
that are unique and regionally rare examples of their kind;


(c) The water has both high water quality and regionally unique 
recreational value;


(d) The water is of exceptional statewide ecological signifi-
cance; or


(e) The water has cold water thermal refuges critical to the 
long-term protection of aquatic species. For this type of outstanding 
resource water, the nondegradation protection would apply only to tem-
perature and dissolved oxygen.


(2) Any water or portion thereof that meets one or more of the 
conditions described in subsection (1) of this section may be designa-
ted for protection as an outstanding resource water. A request for 
designation may be made by the department or through public nomina-
tions that are submitted to the department in writing and that include 
sufficient information to show how the water body meets the appropri-
ate conditions identified in this section.


(3) After receiving a request for outstanding resource water des-
ignation, the department will:


(a) Respond within sixty days of receipt with a decision on 
whether the submitted information demonstrates that the water body 
meets the eligibility requirements for an outstanding resource water. 
If the submitted information demonstrates that the water body meets 
the eligibility requirements, the department will schedule a review of 
the nominated water for designation as an outstanding resource water. 
The review will include a public process and consultation with recog-
nized tribes in the geographic vicinity of the water.


(b) In determining whether or not to designate an outstanding re-
source water, the department will consider factors relating to the 
difficulty of maintaining the current quality of the water body. Out-
standing resource waters should not be designated where substantial 
and imminent social or economic impact to the local community will oc-
cur, unless local public support is overwhelmingly in favor of the 
designation. The department will carefully weigh the level of support 
from the public and affected governments in assessing whether or not 
to designate the water as an outstanding resource water.


(c) After considering public comments and weighing public support 
for the proposal, the department will make a final determination on 
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whether a nominated water body should be adopted into this chapter as 
an outstanding resource water.


(4) A designated outstanding resource water will be maintained 
and protected from all degradation, except for the following situa-
tions:


(a) Temporary actions that are necessary to protect the public 
interest as approved by the department.


(b) Treatment works bypasses for sewage, waste, and stormwater 
are allowed where such a bypass is unavoidable to prevent the loss of 
life, personal injury, or severe property damage, and no feasible al-
ternatives to the bypass exist.


(c) Response actions taken in accordance with the Comprehensive 
Environmental Response Compensation and Liability Act (CERCLA), as 
amended, or similar federal or state authorities, to alleviate a re-
lease into the environment of substances which may pose an imminent 
and substantial danger to public health or welfare.


(d) The sources of degradation are from atmospheric deposition.
(5) Outstanding resources waters can be designated for either 


Tier III(A) or Tier III(B) protection.
(a) Tier III(A) is the highest level of protection and allows no 


further degradation after the waters have been formally designated 
Tier III(A) under this chapter.


(b) Tier III(B) is the second highest level of protection for 
outstanding resource waters and conditionally allows minor degradation 
to occur due to highly controlled actions. The requirements for Tier 
III(B) are as follows:


(i) To meet the goal for maintaining and protecting the quality 
of Tier III(B) waters, sources of pollution, considered individually 
and cumulatively, are not to cause measurable degradation of the water 
body.


(ii) Regardless of the quality of the water body, all new or ex-
panded point sources of pollution in Tier III(B) waters must use ap-
plicable advanced waste treatment and control techniques that reasona-
bly represent the state of the art and must minimize the degradation 
of water quality to nonmeasurable levels where total elimination is 
not feasible. Nonpoint sources must use all applicable structural and 
nonstructural BMPs with the goal of reducing the degradation of water 
quality to nonmeasurable levels where total elimination is not feasi-
ble.
[Statutory Authority: Chapters 90.48 and 90.54 RCW. WSR 03-14-129 (Or-
der 02-14), § 173-201A-330, filed 7/1/03, effective 8/1/03.]
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WAC 173-201A-200  Fresh water designated uses and criteria.  The 
following uses are designated for protection in fresh surface waters 
of the state. Use designations for water bodies are listed in WAC 
173-201A-600 and 173-201A-602.


(1) Aquatic life uses. Aquatic life uses are designated based on 
the presence of, or the intent to provide protection for, the key uses 
identified in (a) of this subsection. It is required that all indige-
nous fish and nonfish aquatic species be protected in waters of the 
state in addition to the key species described below.


(a) The categories for aquatic life uses are:
(i) Char spawning and rearing. The key identifying characteris-


tics of this use are spawning or early juvenile rearing by native char 
(bull trout and Dolly Varden), or use by other aquatic species simi-
larly dependent on such cold water. Other common characteristic aquat-
ic life uses for waters in this category include summer foraging and 
migration of native char; and spawning, rearing, and migration by oth-
er salmonid species.


(ii) Core summer salmonid habitat. The key identifying character-
istics of this use are summer (June 15 - September 15) salmonid spawn-
ing or emergence, or adult holding; use as important summer rearing 
habitat by one or more salmonids; or foraging by adult and subadult 
native char. Other common characteristic aquatic life uses for waters 
in this category include spawning outside of the summer season, rear-
ing, and migration by salmonids.


(iii) Salmonid spawning, rearing, and migration. The key identi-
fying characteristic of this use is salmon or trout spawning and emer-
gence that only occurs outside of the summer season (September 16 - 
June 14). Other common characteristic aquatic life uses for waters in 
this category include rearing and migration by salmonids.


(iv) Salmonid rearing and migration only. The key identifying 
characteristic of this use is use only for rearing or migration by 
salmonids (not used for spawning).


(v) Nonanadromous interior redband trout. For the protection of 
waters where the only trout species is a nonanadromous form of self-
reproducing interior redband trout (O. mykiss), and other associated 
aquatic life.


(vi) Indigenous warm water species. For the protection of waters 
where the dominant species under natural conditions would be tempera-
ture tolerant indigenous nonsalmonid species. Examples include dace, 
redside shiner, chiselmouth, sucker, and northern pikeminnow.


(b) General criteria. General criteria that apply to all aquatic 
life fresh water uses are described in WAC 173-201A-260 (2)(a) and 
(b), and are for:


(i) Toxic, radioactive, and deleterious materials; and
(ii) Aesthetic values.
(c) Aquatic life temperature criteria. Except where noted, water 


temperature is measured by the 7-day average of the daily maximum tem-
peratures (7-DADMax). Table 200 (1)(c) lists the temperature criteria 
for each of the aquatic life use categories.


Table 200 (1)(c)
Aquatic Life Temperature Criteria in Fresh 


Water
Category Highest 7-DADMax


Char Spawning and Rearing* 12°C (53.6°F)
Core Summer Salmonid 
Habitat*


16°C (60.8°F)
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Category Highest 7-DADMax
Salmonid Spawning, Rearing, 
and Migration*


17.5°C (63.5°F)


Salmonid Rearing and 
Migration Only


17.5°C (63.5°F)


Nonanadromous Interior 
Redband Trout


18°C (64.4°F)


Indigenous Warm Water 
Species


20°C (68°F)


*Note: Some streams have a more stringent temperature criterion that is 
applied seasonally to further protect salmonid spawning and egg 
incubation. See (c)(iv) of this subsection.


(i) When a water body's temperature is warmer than the criteria 
in Table 200 (1)(c) (or within 0.3°C (0.54°F) of the criteria) and 
that condition is due to natural conditions, then human actions con-
sidered cumulatively may not cause the 7-DADMax temperature of that 
water body to increase more than 0.3°C (0.54°F).


(ii) When the background condition of the water is cooler than 
the criteria in Table 200 (1)(c), incremental temperature increases 
resulting from individual point source activities must not exceed the 
numeric criteria and must not, at any time, exceed 28/(T+7) as meas-
ured at the edge of a mixing zone boundary (where "T" represents the 
background temperature as measured at a point or points unaffected by 
the discharge and representative of the highest ambient water tempera-
ture in the vicinity of the discharge).


(iii) Temperatures are not to exceed the criteria at a probabili-
ty frequency of more than once every 10 years on average.


(iv) Spawning and incubation protection. The department has iden-
tified waterbodies, or portions thereof, which require special protec-
tion for spawning and incubation in ecology publication 06-10-038 (al-
so available on ecology's website at www.ecology.wa.gov). This publi-
cation indicates where and when the following criteria are to be ap-
plied to protect the reproduction of native char, salmon, and trout:


• Maximum 7-DADMax temperatures of 9°C (48.2°F) at the initiation 
of spawning and at fry emergence for char; and


• Maximum 7-DADMax temperatures of 13°C (55.4°F) at the initia-
tion of spawning for salmon and at fry emergence for salmon and trout.


The two criteria above are protective of incubation as long as 
human actions do not significantly disrupt the normal patterns of fall 
cooling and spring warming that provide significantly colder tempera-
tures over the majority of the incubation period.


(v) For lakes, human actions considered cumulatively may not in-
crease the 7-DADMax temperature more than 0.3°C (0.54°F) above natural 
conditions.


(vi) Temperature measurements should be taken to represent the 
dominant aquatic habitat of the monitoring site. This typically means 
samples should:


(A) Be taken from well mixed portions of rivers and streams; and
(B) Not be taken from shallow stagnant backwater areas, within 


isolated thermal refuges, at the surface, or at the water's edge.
(vii) The department will incorporate the following guidelines on 


preventing acute lethality and barriers to migration of salmonids into 
determinations of compliance with the narrative requirements for use 
protection established in this chapter (e.g., WAC 173-201A-310(1), 
173-201A-400(4), and 173-201A-410 (1)(c)). The following site-level 
considerations do not, however, override the temperature criteria es-
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tablished for waters in subsection (1)(c) of this section or WAC 
173-201A-600 through 173-201A-602:


(A) Moderately acclimated (16-20°C, or 60.8-68°F) adult and juve-
nile salmonids will generally be protected from acute lethality by 
discrete human actions maintaining the 7-DADMax temperature at or be-
low 22°C (71.6°F) and the 1-day maximum (1-DMax) temperature at or be-
low 23°C (73.4°F).


(B) Lethality to developing fish embryos can be expected to occur 
at a 1-DMax temperature greater than 17.5°C (63.5°F).


(C) To protect aquatic organisms, discharge plume temperatures 
must be maintained such that fish could not be entrained (based on 
plume time of travel) for more than two seconds at temperatures above 
33°C (91.4°F) to avoid creating areas that will cause near instantane-
ous lethality.


(D) Barriers to adult salmonid migration are assumed to exist any 
time the 1-DMax temperature is greater than 22°C (71.6°F) and the ad-
jacent downstream water temperatures are 3°C (5.4°F) or more cooler.


(viii) Nothing in this chapter shall be interpreted to prohibit 
the establishment of effluent limitations for the control of the ther-
mal component of any discharge in accordance with 33 U.S.C. 1326 (com-
monly known as section 316 of the Clean Water Act).


(d) Aquatic life dissolved oxygen (D.O.) criteria. The D.O. cri-
teria are measured in milligrams per liter (mg/L) or percent oxygen 
saturation. Table 200 (1)(d) lists the D.O. criteria for each of the 
aquatic life use categories. Compliance may be demonstrated through 
either the water column or intragravel criteria in Table 200 (1)(d).


Table 200 (1)(d)
Aquatic Life Dissolved Oxygen Criteria in 


Fresh Water


Category
Water Column


(1-Day Minimum)
Char Spawning and 
Rearing*


10 mg/L or 90% saturation


Core Summer Salmonid 
Habitat*


10 mg/L or 95% saturation


Salmonid Spawning, 
Rearing, and Migration*


10 mg/L or 90% saturation


Salmonid Rearing and 
Migration Only


6.5 mg/L


Nonanadromous Interior 
Redband Trout*


10 mg/L or 90% saturation


Indigenous Warm Water 
Species


6.5 mg/L


* Intragravel D.O. criteria for these aquatic life use categories may be used for compliance purposes. When intragravel D.O. is used for 
compliance, the intragravel D.O. (1-day minimum) concentration must be 8.0 mg/L or greater, and the D.O. water column (1-day minimum) 
concentration must be 9.0 mg/L or greater. Intragravel D.O. must be measured as a spatial median within the same habitat area.


(i) When a water body's D.O. is lower than the criteria in Table 
200 (1)(d) (or within 0.2 mg/L of the criteria) and that condition is 
due to natural conditions, then human actions considered cumulatively 
may not cause the D.O. of that water body to decrease more than 0.2 
mg/L.


(ii) For lakes, human actions considered cumulatively may not de-
crease the dissolved oxygen concentration more than 0.2 mg/L below 
natural conditions.
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(iii) Concentrations of D.O. are not to fall below the criteria 
in the table at a probability frequency of more than once every 10 
years on average.


(iv) D.O. measurements should be taken to represent the dominant 
aquatic habitat of the monitoring site. This typically means samples 
should:


(A) Be taken from well mixed portions of rivers and streams; and
(B) Not be taken from shallow stagnant backwater areas, within 


isolated thermal refuges, at the surface, or at the water's edge.
(e) Aquatic life turbidity criteria. Turbidity is measured in 


"nephelometric turbidity units" or "NTUs." Table 200 (1)(e) lists the 
maximum turbidity criteria for each of the aquatic life use catego-
ries.


Table 200 (1)(e)
Aquatic Life Turbidity Criteria in Fresh 


Water
Category NTUs


Char Spawning and 
Rearing


Turbidity shall not exceed:


 • 5 NTU over background 
when the background is 50 
NTU or less; or


 • A 10 percent increase in 
turbidity when the 
background turbidity is 
more than 50 NTU.


Core Summer Salmonid 
Habitat


Same as above.


Salmonid Spawning, 
Rearing, and Migration


Same as above.


Salmonid Rearing and 
Migration Only


Turbidity shall not exceed:
• 10 NTU over 
background when the 
background is 50 NTU or 
less; or


 • A 20 percent increase in 
turbidity when the 
background turbidity is 
more than 50 NTU.


Nonanadromous Interior 
Redband Trout


Turbidity shall not exceed:
• 5 NTU over background 
when the background is 50 
NTU or less; or


 • A 10 percent increase in 
turbidity when the 
background turbidity is 
more than 50 NTU.


Indigenous Warm Water 
Species


Turbidity shall not exceed:
• 10 NTU over 
background when the 
background is 50 NTU or 
less; or


 • A 20 percent increase in 
turbidity when the 
background turbidity is 
more than 50 NTU.


Certified on 4/13/2022 WAC 173-201A-200 Page 4







The turbidity criteria established under WAC 173-201A-200 (1)(e) 
shall be modified, without specific written authorization from the de-
partment, to allow a temporary area of mixing during and immediately 
after necessary in-water construction activities that result in the 
disturbance of in-place sediments. This temporary area of mixing is 
subject to the constraints of WAC 173-201A-400 (4) and (6) and can oc-
cur only after the activity has received all other necessary local and 
state permits and approvals, and after the implementation of appropri-
ate best management practices to avoid or minimize disturbance of in-
place sediments and exceedances of the turbidity criteria. A temporary 
area of mixing shall be as follows:


(i) For waters up to 10 cfs flow at the time of construction, the 
point of compliance shall be 100 feet downstream from the activity 
causing the turbidity exceedance.


(ii) For waters above 10 cfs up to 100 cfs flow at the time of 
construction, the point of compliance shall be 200 feet downstream of 
the activity causing the turbidity exceedance.


(iii) For waters above 100 cfs flow at the time of construction, 
the point of compliance shall be 300 feet downstream of the activity 
causing the turbidity exceedance.


(iv) For projects working within or along lakes, ponds, wetlands, 
or other nonflowing waters, the point of compliance shall be at a ra-
dius of 150 feet from the activity causing the turbidity exceedance.


(f) Aquatic life total dissolved gas (TDG) criteria. TDG is meas-
ured in percent saturation. Table 200 (1)(f) lists the maximum TDG 
criteria for each of the aquatic life use categories.


Table 200 (1)(f)
Aquatic Life Total Dissolved Gas Criteria 


in Fresh Water
Category Percent Saturation


Char Spawning and 
Rearing


Total dissolved gas shall 
not exceed 110 percent of 
saturation at any point of 
sample collection.


Core Summer Salmonid 
Habitat


Same as above.


Salmonid Spawning, 
Rearing, and Migration


Same as above.


Salmonid Rearing and 
Migration Only


Same as above.


Nonanadromous Interior 
Redband Trout


Same as above.


Indigenous Warm Water 
Species


Same as above.


(i) The water quality criteria established in this chapter for 
TDG shall not apply when the stream flow exceeds the seven-day, 10-
year frequency flood.


(ii) The TDG criteria may be adjusted to aid fish passage over 
hydroelectric dams that spill for anadromous juvenile fish as of the 
2020 spill season. The elevated TDG levels are intended to allow in-
creased fish passage without causing more harm to fish populations 
than caused by turbine fish passage. The following special fish pas-
sage exemptions for the Snake and Columbia rivers apply when spilling 
water at dams is necessary to aid fish passage:


(A) TDG must not exceed:
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• An average of 115 percent as measured in the forebays of the 
next downstream dams and must not exceed an average of 120 percent as 
measured in the tailraces of each dam (these averages are calculated 
as an average of the 12 highest hourly readings in a calendar day, 
relative to atmospheric pressure); and


• A maximum TDG saturation level of 125 percent calculated as an 
average of the two highest hourly TDG measures in a calendar day dur-
ing spillage for fish passage.


(B) To further aid fish passage during the spring spill season 
(generally from April through June), spill may be increased up to the 
following levels as measured at the tailrace fixed site monitoring lo-
cation:


• A maximum TDG saturation level of 125 percent calculated as an 
average of the 12 highest hourly TDG measures in a calendar day; and


• A maximum TDG saturation level of 126 percent calculated as an 
average of any two consecutive hourly TDG measures.


These TDG criteria may be applied in place of (f)(ii)(A) of this 
subsection during spring spill operations when applied in accordance 
with the following conditions:


(I) In addition to complying with the requirements of this chap-
ter, the tailrace maximum TDG criteria at hydropower dams shall be ap-
plied in accordance with Endangered Species Act consultation documents 
associated with spill operations on the Snake and Columbia rivers, in-
cluding operations for fish passage. The Endangered Species Act con-
sultation documents are those by which dams may legally operate during 
the time that the adjusted criteria in (f)(ii)(B) of this subsection 
are in use.


(II) Application of the tailrace maximum TDG criteria must be ac-
companied by a department approved biological monitoring plan designed 
to measure impacts of fish exposed to increased TDG conditions 
throughout the spring spill season. Beginning in the year 2021, plans 
must include monitoring for nonsalmonid fish species and must continue 
for a minimum of five years, and thereafter as determined by the de-
partment.


(III) TDG must be reduced to allowances specified in (f)(ii)(A) 
of this subsection if the calculated incidence of gas bubble trauma in 
salmonids (with a minimum sample size of 50 fish required weekly) or 
nonsalmonids (with a minimum sample size of 50 fish required weekly) 
exceeds:


• Gas bubble trauma in nonpaired fins of 15 percent; or
• Gas bubble trauma in nonpaired fins of five percent and gas 


bubbles occlude more than 25 percent of the surface area of the fin.
If gas bubble trauma exceeds these biological thresholds, addi-


tional monitoring must demonstrate the incidence of gas bubble trauma 
below biological thresholds before TDG can be adjusted to allowances 
specified in this subsection. Gas bubble trauma monitoring data shall 
be excluded from comparison to biological thresholds when higher than 
normal river flow contributes to excess spill above the ability to 
meet (f)(ii)(B) of this subsection. This monitoring data exclusion 
shall apply for one full calendar day after reduced river flow allows 
attainment of (f)(ii)(B) of this subsection.


(g) Aquatic life pH criteria. Measurement of pH is expressed as 
the negative logarithm of the hydrogen ion concentration. Table 200 
(1)(g) lists the pH levels for each of the aquatic life use catego-
ries.


Table 200 (1)(g)
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Aquatic Life pH Criteria in Fresh Water
Use Category pH Units


Char Spawning and 
Rearing


pH shall be within the 
range of 6.5 to 8.5, with a 
human-caused variation 
within the above range of 
less than 0.2 units.


Core Summer Salmonid 
Habitat


Same as above.


Salmonid Spawning, 
Rearing, and Migration


pH shall be within the 
range of 6.5 to 8.5 with a 
human-caused variation 
within the above range of 
less than 0.5 units.


Salmonid Rearing and 
Migration Only


Same as above.


Nonanadromous Interior 
Redband Trout


Same as above.


Indigenous Warm Water 
Species


Same as above.


(h) Aquatic life fine sediment criteria. The following narrative 
criteria apply to all existing and designated uses for fresh water:


(i) Water bodies shall not contain excess fine sediment (<2 mm) 
from human-caused sources that impair designated uses.


(ii) When reference values are used to demonstrate compliance 
with the fine sediment criteria, measured conditions shall be compared 
to those from reference sites or regional data that represent least 
disturbed site conditions of a comparable water body or ecoregion. 
Reference locations should be comparable in hydrography, geology, 
ecology, and habitat to that of the water body evaluated.


(2) Recreational uses. The recreational use is primary contact 
recreation.


(a) General criteria. General criteria that apply to fresh water 
recreational uses are described in WAC 173-201A-260 (2)(a) and (b), 
and are for:


(i) Toxic, radioactive, and deleterious materials; and
(ii) Aesthetic values.
(b) Water contact recreation bacteria criteria. Table 200 (2)(b) 


lists the bacteria criteria to protect water contact recreation in 
fresh waters. These criteria are based on Escherichia coli (E. coli) 
and fecal coliform organism levels, and expressed as colony forming 
units (CFU) or most probable number (MPN). The use of fecal coliform 
organism levels to determine compliance will expire December 31, 2020.


Table 200 (2)(b)
Primary Contact Recreation Bacteria Crite-


ria in Fresh Water
Bacterial 
Indicator Criteria


E. coli E. coli organism levels within an 
averaging period must not exceed a 
geometric mean value of 100 CFU or 
MPN per 100 mL, with not more 
than 10 percent of all samples (or 
any single sample when less than 10 
sample points exist) obtained within 
the averaging period exceeding 320 
CFU or MPN per 100 mL.
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Bacterial 
Indicator Criteria


Fecal coliform 
(expires 
12/31/2020)


Fecal coliform organism levels 
within an averaging period must not 
exceed a geometric mean value of 
100 CFU or MPN per 100 mL, with 
not more than 10 percent of all 
samples (or any single sample when 
less than 10 sample points exist) 
obtained within an averaging period 
exceeding 200 CFU or MPN per 100 
mL.


(i) A minimum of three samples is required to calculate a geomet-
ric mean for comparison to the geometric mean criteria. Sample collec-
tion dates shall be well distributed throughout the averaging period 
so as not to mask noncompliance periods.


(A) Effluent bacteria samples: When averaging effluent bacteria 
sample values for comparison to the geometric mean criteria, or for 
determining permit compliance, the averaging period shall be 30 days 
or less.


(B) Ambient water quality samples: When averaging bacteria sample 
values for comparison to the geometric mean criteria, it is preferable 
to average by season. The averaging period of bacteria sample data 
shall be 90 days or less.


(ii) When determining compliance with the bacteria criteria in or 
around small sensitive areas, such as swimming beaches, it is recom-
mended that multiple samples are taken throughout the area during each 
visit. Such multiple samples should be arithmetically averaged togeth-
er (to reduce concerns with low bias when the data is later used in 
calculating a geometric mean) to reduce sample variability and to cre-
ate a single representative data point.


(iii) As determined necessary by the department, more stringent 
bacteria criteria may be established for rivers and streams that 
cause, or significantly contribute to, the decertification or condi-
tional certification of commercial or recreational shellfish harvest 
areas, even when the preassigned bacteria criteria for the river or 
stream are being met.


(iv) Where information suggests that sample results are due pri-
marily to sources other than warm-blooded animals (e.g., wood waste), 
alternative indicator criteria may be established on a site-specific 
basis as described in WAC 173-201A-430.


(3) Water supply uses. The water supply uses are domestic, agri-
cultural, industrial, and stock watering.


General criteria. General criteria that apply to the water supply 
uses are described in WAC 173-201A-260 (2)(a) and (b), and are for:


(a) Toxic, radioactive, and deleterious materials; and
(b) Aesthetic values.
(4) Miscellaneous uses. The miscellaneous fresh water uses are 


wildlife habitat, harvesting, commerce and navigation, boating, and 
aesthetics.


General criteria. General criteria that apply to miscellaneous 
fresh water uses are described in WAC 173-201A-260 (2)(a) and (b), and 
are for:


(a) Toxic, radioactive, and deleterious materials; and
(b) Aesthetic values.
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[Statutory Authority: RCW 90.48.035 and 40 C.F.R. 131.20. WSR 
22-07-095 (Order 19-05), § 173-201A-200, filed 3/22/22, effective 
4/22/22; WSR 20-02-091 (Order 19-02), § 173-201A-200, filed 12/30/19, 
effective 1/30/20; WSR 19-04-007 (Order 16-07), § 173-201A-200, filed 
1/23/19, effective 2/23/19. Statutory Authority: RCW 90.48.035. WSR 
11-09-090 (Order 10-10), § 173-201A-200, filed 4/20/11, effective 
5/21/11; WSR 06-23-117 (Order 06-04), § 173-201A-200, filed 11/20/06, 
effective 12/21/06. Statutory Authority: Chapters 90.48 and 90.54 RCW. 
WSR 03-14-129 (Order 02-14), § 173-201A-200, filed 7/1/03, effective 
8/1/03.]
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Tentative schedule to present findings to the Fish and Wildlife Commission 


Species Date 


Northern Spotted Owl 2023 


Streaked Horned Lark 2023 


Killer Whale 2023 


Taylor's Checkerspot 2023 


Bald Eagle 2023 


Marbled Murrelett 2023 


Canada Lynx 2023 


Peregrine Falcon 2023 


Sandhill Crane 2023 


Green & Loggerhead Sea Turtles 2023 


Leatherback Sea Turtle 2023 


Yellow Billed Cuckoo 2023 







Species Date 


Fisher 2023 


Blue, Fin, Right, Sei, Sperm Whales 2023 


Columbian Sharp Tailed Grouse 2023 


Pygmy Rabbit 2023 


Sea Otter 2023 


Oregon Spotted Frog 2023 


Western Gray Squirrel 2023 


Western Pond Turtle 2023 


Grizzly Bear 2024 


Oregon Silverspot 2024 


Tufted Puffin 2024 


Sage Grouse 2026 
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PREPROPOSAL STATEMENT 


OF INQUIRY 


CODE REVISER USE ONLY 
 


 


CR-101 (October 2017) 
(Implements RCW 34.05.310) 


Do NOT use for expedited rule making 


Agency: Department of Ecology AO #22-06 


Subject of possible rule making: Chapter 173-201A WAC Water Quality Standards for Surface Waters of the State of 
Washington.  
 
We are considering amendments to: 
• WAC 173-201A-020 Definitions 
• WAC 173-201A-330 Tier III – Protection of Outstanding Resource Waters 
• WAC 173-201A-602 (Use designations for fresh waters by water resource inventory area (WRIA) – WRIAs 4 and 26 
 
We may amend other sections of chapter 173-201A WAC as necessary to support any revisions to the sections noted above. 
 
We received nominations to designate the following waterbodies as Outstanding Resource Waters (ORWs): 
 
• Soap Lake (Grant County) 
• Napeequa River (Chelan County) 
• Green River – upper watershed (Lewis and Skamania counties) 
• Cascade River – upper watershed (Skagit County) 
 
An Outstanding Resource Water has the highest level of protection assigned to a waterbody, under the Tier III 
Antidegradation rule in our water quality standards.  
 
We will review each nomination as described in 173-201A-330(3)(b). After considering public comments and weighing public 
support for each nomination, we will make a final decision on whether a nominated waterbody should be adopted into chapter 
173-201A WAC as an outstanding resource water, and whether that waterbody should be given Tier III(A) or Tier III(B) 
protection, as described under 173-201A-330(5). 
 
In addition to considering outstanding resource water designations, we will also consider changes to the following sections: 
• WAC 173-201A-330 to improve rule clarity  
• WAC 173-201A-020 to add a definition for outstanding resource waters 
• WAC 173-201A-602 to note where an ORW exists on waterbodies with specified use designations within Table 602. 
 


Statutes authorizing the agency to adopt rules on this subject: RCW 90.48.035 Water Pollution Control - Rule-making 
authority; and 40 CFR 131.20 Water Quality Standards - State review and revision of water quality standards, requires states 
and tribes (with primacy for clean water actions) to periodically review and update the water quality standards 


Reasons why rules on this subject may be needed and what they might accomplish: In 2021, we received nominations 
to designate waterbodies as ORWs.  
 
The Soap Lake Conservancy and the Confederated Tribe of the Colville Reservation nominated Soap Lake in Grant County 
for ORW designation. The proponents nominated Soap Lake for Tier III(B) protection, which would limit future sources of 
pollution to those that cause only minor degradation. This level of protection would place extra requirements on new or 
expanded point source discharges to ensure pollution from wastewater is kept to a minimum. For nonpoint sources, this 
designation would require that certain Best Management Practices are used to limit pollution from runoff to below measurable 
levels where total elimination is not feasible. 
 
A group of organizations, including Pew Charitable Trust, American Rivers, Cascade Forest Conservancy, Wild Salmon 
Center, American Whitewater, Washington Wild, and Trout Unlimited, nominated the following waterbodies for ORW 
designation:  
 


• Napeequa River (Chelan County) 
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• The upper watershed of the Green River (Lewis and Skamania counties)  


• The upper watershed of Cascade River (Skagit County) 
 
The proponents requested we consider each of the three waterbodies for Tier III(A) protection. Tier III(A) is the highest level 
of protection, allowing no further actions that may contribute to degradation of the waterbody except in specific circumstances 
described in WAC 173-201A-330(4)(a)-(d). 
 
For each nomination, we reviewed the waterbody to determine if it met at least one of the eligibility requirements under WAC 
173-201A-330(1). During this review, which must be completed within 60 days of when we receive the nomination, we 
contacted tribes in the geographic vicinity of each nominated waterbody, as well as local jurisdictions and other stakeholders, 
to notify them of the nominations. We determined that each waterbody submitted for consideration met at least one of the 
eligibility criteria. 
 
We informed the public of our intent to conduct a public review of the nominations during the 2021 Triennial Review process, 
and we received comments from over 50 organizations in support of formally reviewing the ORW nominations. The next step 
is to gather additional information on each nominated waterbody, conduct additional tribal and stakeholder outreach, and hold 
a formal public review of each nomination before we consider adopting an ORW designation. 
 
Washington has yet to designate any waterbody as an ORW. If we adopt an ORW designation for any of the nominated 
waterbodies, it will be the first time Washington will assign the highest level of protection for a waterbody under our 
Antidegradation section of the water quality standards. 


Identify other federal and state agencies that regulate this subject and the process coordinating the rule with these 
agencies: We will work with tribes to discuss, and seek input on, this rulemaking.  In addition, we will invite government to 
government consultation to tribes on this rule. We will also coordinate with the United States Environmental Protection 
Agency through rule development and approval.  


Process for developing new rule (check all that apply): 


☐  Negotiated rule making 


☐  Pilot rule making 


☐ Agency study 


☒ Other (describe) Ecology will follow the standard process for the adoption of rules under the Administrative 


Procedure Act (Chapter 34.05 RCW) 


Interested parties can participate in the decision to adopt the new rule and formulation of the proposed rule before 
publication by contacting: 


 (If necessary) 


Name: Marla Koberstein Name:       


Address: Department of Ecology 
Water Quality Program 
PO Box 47600 
Olympia, WA 98504-7600 


Address:       


Phone: 360-628-6376 Phone:       


Fax: N/A Fax:       


TTY: For Washington Relay Service or TTY call 711 or 877-
833-6341.  


TTY:       


Email:  marla.koberstein@ecy.wa.gov       Email:       


Web site:  https://ecology.wa.gov/Regulations-
Permits/Laws-rules-rulemaking/Rulemaking/WAC-173-
201A-Outstanding-Resource-Waters         


Web site:       


Other: Sign up to receive email notices: 
https://public.govdelivery.com/accounts/ 
WAECY/subscriber/new?topic_id=WAECY_61   


Other:       


Additional comments: Interested parties can stay informed about the rulemaking and public involvement opportunities as 
described above.  Ecology will extend an offer for government-to-government consultation with tribal governments during 
each phase of rule development. 


Date: 8/30/22 


 


Name: Vincent McGowan, PE 
 


Title: Water Quality Program Manager      


Signature: 


 


 



mailto:marla.koberstein@ecy.wa.gov

https://ecology.wa.gov/Regulations-Permits/Laws-rules-rulemaking/Rulemaking/WAC-173-201A-Outstanding-Resource-Waters
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PREPROPOSAL STATEMENT 


OF INQUIRY 


CODE REVISER USE ONLY 
 


 


CR-101 (October 2017) 
(Implements RCW 34.05.310) 


Do NOT use for expedited rule making 


Agency: Department of Ecology AO #22-05 


Subject of possible rule making: The Washington State Department of Ecology is considering revising Chapter 173-201A 
WAC, Water Quality Standards for Surface Waters of the State of Washington. We are considering amendments to: 
 


• WAC 173-201A-200(1)(c), Aquatic life temperature criteria, including, but not limited to, subsection (i). 


• WAC 173-201A-200(1)(d), Aquatic life dissolved oxygen (D.O.) criteria including, but not limited to, subsection (i) 


• WAC 173-201A-210(1)(c), Aquatic life temperature criteria including, but not limited to, subsection (i). 


• WAC 173-201A-210(1)(d), Aquatic life dissolved oxygen (D.O.) including, but not limited to, criteria subsection (i). 


• WAC 173-201A-260(1), Natural and irreversible human conditions. 


• WAC 173-201A-310(3), Tier I – Protection and maintenance of existing and designed uses. 
 
We may amend other sections of Chapter 173-201A WAC as necessary to be consistent with or provide support to any 
revisions to the sections noted above. 
 
We are considering revisions to several natural conditions provisions in our surface water quality standards. Natural 
conditions provisions recognize that conditions in some surface waters during some seasons and in some areas naturally do 
not meet water quality criteria. For example, a naturally low-flowing stream in a natural prairie without any human alteration 
may have seasonally higher temperatures than the limit set to protect fish. These inconsistencies may be due to natural 
processes or seasonal conditions that prevent a waterbody from meeting the applicable aquatic life criteria. Our goal is to 
refine the natural conditions criteria to protect characteristics inherent and unique to a specific water.   
 
We will evaluate the latest scientific data, methods, modeling tools, and approaches to update natural conditions provisions 
necessary for refining aquatic life protection in Washington’s surface waters. As part of this process, we will consider the 
Environmental Protection Agency’s (EPA) recommended approaches for natural conditions in water quality standards. One 
example is a performance-based approach, which would adopt into rule a sufficiently detailed process that ensures 
predictable, repeatable outcomes that could be used to develop criteria that would protect the designated uses for a specific 
waterbody. 


Statutes authorizing the agency to adopt rules on this subject: RCW 90.48.035 Water Pollution Control - Rule-making 
authority; and 40 CFR 131.20 Water Quality Standards - State review and revision of water quality standards, requires states 
and tribes (with primacy for clean water actions) to periodically review and update the water quality standards. 


Reasons why rules on this subject may be needed and what they might accomplish:  
 
A. Reason for Rulemaking 
We are considering these revisions to address EPA’s 2021 disapproval of previously-approved natural condition provisions in 
our standards, including for fresh and marine dissolved oxygen and temperature (excluding lakes). 
 
It is important that we have a provision in the water quality standards recognizing that conditions in some surface waters 
naturally do not meet water quality criteria at all times throughout the year. Nearly all states have some provision of this kind. 
Washington needs natural conditions provisions to effectively implement our Clean Water Act programs.  
 
We identified a natural conditions rulemaking as a priority in our most recent triennial review, which was submitted to EPA in 
April 2022. 
 
 
B. Approach to Rulemaking 
We plan to conduct a single rulemaking to revise our natural conditions criteria. We will engage with stakeholders, tribes, and 
other interested parties as we develop the full scope of procedures for natural conditions provisions. These may include 
general provisions, procedures for determining what conditions are natural to surface waters, and some parameter specific 
considerations (such as temperature) or surface water type (such as rivers or streams).  
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In this rulemaking, we will consider all the latest scientific data, methods, modeling tools, and natural condition criteria 
approaches. Further, we will evaluate previous natural conditions criteria approaches in Washington and other states, as well 
as previous EPA policies and decisions regarding natural conditions (such as a performance-based approach). We plan to 
work with EPA and other federal agencies responsible for reviewing biological impacts of a rule to anticipate whether 
proposed rule language will meet Endangered Species Act (ESA) protection requirements. 
 
C. Rulemaking Scope 
The scope of this rulemaking includes the natural conditions provisions and parameter-specific natural condition criteria in all 
surface water types.  
 
This work is specific to the aquatic life criteria and how native aquatic species have acclimated or adapted to their 
environment, even if that environment does not naturally meet our state’s aquatic life criteria. The natural conditions 
provisions are not related to any of the human health criteria in our state. 
 
We will evaluate EPA recommendations during this rulemaking and determine whether to adopt them. 


Identify other federal and state agencies that regulate this subject and the process coordinating the rule with these 
agencies: We will work with tribes to discuss, and seek input on, rulemaking activities.  Other coordinating federal and state 
agencies include the United States Environmental Protection Agency, National Oceanic and Atmospheric Administration, and 
the United States Fish and Wildlife Service. 


Process for developing new rule (check all that apply): 


☐  Negotiated rule making 


☐  Pilot rule making 


☐ Agency study 


☒ Other (describe) Ecology will follow the standard process for the adoption of rules under the Administrative 


Procedure Act (Chapter 34.05 RCW).  


Interested parties can participate in the decision to adopt the new rule and formulation of the proposed rule before 
publication by contacting: 


 (If necessary) 


Name: Marla Koberstein Name:       


Address: Department of Ecology 
Water Quality Program 
PO BOX 47600 
Olympia, WA 98504-7600 


Address:       


Phone: 360-628-6376 Phone:       


Fax: N/A Fax:       


TTY: For Washington Relay Service or TTY call 711 or 877-
833-6341.  


TTY:       


Email: marla.koberstein@ecy.wa.gov  Email:       


Web site: https://ecology.wa.gov/Regulations-Permits/ 
Laws-rules-rulemaking/Rulemaking/WAC-173-201A-Natural-
Conditions  


Web site:       


Other: Sign up to receive email notices: 
https://public.govdelivery.com/accounts/WAECY/ 
subscriber/new?topic_id=WAECY_61 


Other:       


Additional comments: Interested parties can stay informed about the rulemaking and public involvement opportunities as 
described above.  Ecology will extend an offer for government-to-government consultation with tribal governments during 
each phase of rule development. 


Date: September 27, 2022 


 


Name: Vincent McGowan, PE 
 


Title: Water Quality Program Manager 


Signature: 
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20.FW.WA.1:                     NCASI Funding Request: Staff Time 


Title: Technical Support on Forest Watershed issues 


Project Duration: Continuous 


Collaborators:  


Contact:  Ashley Coble (acoble@ncasi.org) 


NCASI Funding Request:  


External Funding:  


Relevance/Value to Members: 


Regulatory issues associated with forest management and water quality have serious implications for 
forest management and wood supplies in the United States.  Examples include, unachievable water 
quality criteria, EPA revisions to stormwater regulations and agency guidance for defining Waters of the 
United States and listing of threatened and endangered species.  NCASI will continue to monitor 
regulatory and scientific developments related to these issues and provide technical support to member 
companies and their associations as needed.  Issues anticipated to be of particularly high priority during 
FY2023-24 include the following: (1) Water quantity (low and peak flows) (2) Herbicides (3) Threatened 
and endangered species (4) Waters of the United States (WOTUS) (5) Water quality of severely burned 
and salvaged watersheds 


Objectives:  


Provide technical support to Members on important watershed issues 


Summary of Recent Accomplishments: 


• Participate in advisory board for Elliot State forest riparian group 


• Participated as invited participant in low flow and stream temperature workshop at H.J. 
Andrews 


• Participated in food web modelling workshop with Washington DNR, USFS, USGS, and U. Alaska 
at Olympic Experimental State Forest and toured sites planned for riparian manipulation 


• Provide information related to VELMA, DHSVM, and low flow concerns to multiple Members, 
groups 


• Engaged in discussions with state and federal agencies on development of new stream 
permanence layers 


Recent Presentations of Results and Products: 
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20.FW.WA.2                  NCASI Funding Request: $1,000 


Title: Mica Creek Nutrient Analyses Technical Support 


Project Duration: Long-term 1990-Current 


Collaborators: Tim Link (University of Idaho) 


Contact:  Ashley Coble 


External Funding: Ongoing support of field data collection provided by PotlatchDeltic and the State of 
Idaho, in collaboration with the University of Idaho 


Relevance/Value to Members: 


Mica Creek provides the only long-term dataset on nutrient responses to forest harvest on private land, 
and this dataset is invaluable for addressing questions regarding how forest harvest affects solute fluxes 
downstream.  In 1990, Potlatch Corporation and numerous cooperators initiated a forest watershed 
study in northern Idaho to assess the effectiveness of the Idaho forest practice rules in protecting water 
quality.  The study is ongoing and provides a perspective on seasonal and long-term trends in regard to 
forest practices.  Mica Creek has received funding from the state of Idaho and occurs as a line item in 
the state’s budget.  This task provides staff time for analyses of nutrients for the studies in the Mica 
Creek.  NCASI has been conducting nutrient analyses of runoff from Mica Creek at the laboratory in 
Gainesville.  Monthly samplings from seven sites in the Mica Creek Watershed are being analyzed for 
orthophosphate, nitrate/nitrite, ammonium, and total nitrogen.  If orthophosphate concentrations 
above 0.04 mg/L are noted, the samples are also analyzed for total phosphorus.  In addition to these 
analyses, field duplicates and additional quality control analyses are being conducted with each set of 
samples collected.    


Objectives:  


Evaluate long-term responses of nitrogen and phosphorus concentrations in response to past 
and ongoing forest harvesting activities 


Summary of Recent Accomplishments: 


Recent Presentations of Results and Products: 


Gravelle, J. A., Ice, G., Link, T. E., & Cook, D. L. (2009). Nutrient concentration dynamics in an inland 
Pacific Northwest watershed before and after timber harvest. Forest Ecology and Management, 
257(8), 1663-1675. 


Deval, C., Brooks, E. S., Gravelle, J. A., Link, T. E., Dobre, M., & Elliot, W. J. (2021). Long-term response in 
nutrient load from commercial forest management operations in a mountainous watershed. 
Forest Ecology and Management, 494, 119312.  


 







20.FW.WA.5:                           NCASI Funding Request: $92,000 + staff time 


Title: Cumulative effects of post-fire riparian forest management on aquatic ecosystems across fire 
severity and ownerships: an evaluation of recovery (ERWC framework) 


Project Duration: Long-term 2021-2025, then every 5 years 


Collaborators: Brooke Penaluna (USFS) 


Contact:  Ashley Coble (acoble@ncasi.org) 


External Funding:  


Relevance/Value to Members: 


Natural disturbance regimes are inherently variable, containing both disturbance events, such as fire, 
floods, landslides, or debris flows, followed by a period of renewal where habitat and biological 
complexities are created and sustained (Reeves et al. 1995; Penaluna et al. 2018). Fire frequency and 
intensity are expected to increase in many forested regions globally due to changing climate, less 
persistent snowpack, and anthropogenic influence such as novel ignition sources in densely forested 
areas.  Riparian areas are expected to be resilient to natural disturbance with durations of recovery 
ranging from 1 to 10 years, but post-fire salvage logging may influence these trajectories.  Retaining 
legacies leads to greater recruitment of in-stream large wood, organic matter, or may provide habitat 
for some terrestrial or aquatic species. Alternatively, active post-fire management may return riparian 
areas towards desired future conditions in shorter timescales.  Post-fire riparian management strategies 
can include salvage logging of dead trees within riparian areas and re-planting to re-establish vegetation 
more rapidly, thereby enhancing rooting strength and soil stability adjacent to streams and providing 
shade for thermal recovery.  We used a stratified random sampling design to identify 24 watersheds 
that vary in pre-fire stand age and fire extent and quantified physical characteristics, chemical, and 
biological characteristics.  We will monitor these watersheds annually as they recover from fire to 
understand post-fire trajectories and the role of riparian management (using post-hoc analysis).  This 
effort pairs with 21.FW.WA.1 assessing freshwater biodiversity and study 22.FW.WB.1 assessing 
vegetation community regrowth.   


Objectives:  


1.  Quantify the cumulative effects of forest management following wildfire on aquatic ecosystems 
across land ownership 


2.   Quantify the effects of fire on riparian zones and aquatic ecosystems and their recovery over time 
across land ownership 


3.   Evaluate the consequences of salvage logging and replanting within the riparian zone on aquatic 
ecosystems 


Summary of Recent Accomplishments: 


• See Progress Report 


Recent Presentations of Results and Products: 


Coble, A.A., Penaluna, B.E., Six, L.J., Verschuyl, J.  Forested streams, fire, and large wood: ecosystem 
responses to fire severity and forest stand age.  In review, Journal of Applied Ecology 


See Progress report for more information 
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20.FW.WA.6                    NCASI Funding Request: $82,000 + staff time 


Title: Assessing the effects of alternative riparian management practices on aquatic food webs and 
water quality [Riparian alternatives]  


Project Duration: Mid-term 2018-2025 


Collaborators: Dana Warren (OSU) 


Contact:  Ashley Coble 


External Funding: $56,859 OSU FWHMF 


Relevance/Value to Members: 


Best management practices in the Pacific Northwest require the retention of continuous streamside 
buffers to protect aquatic habitat and maintain cold-water habitat for native salmonids.  Fixed-width 
buffers are typically applied due to ease of implementation although some states allow deviation from 
these standard buffers.  However, uncertainty in their outcomes on regulatory standards (e.g., stream 
temperature) may reduce widespread implementation of alternative riparian management practices.  
Riparian alternatives, such as canopy gaps, thinning within riparian buffers, or variable retention buffers, 
may alleviate light limitation in localized sections of the stream that disproportionately contribute to in-
stream primary productivity and support stream food webs.  We propose to evaluate effectiveness of 
various alternative riparian management strategies on food web responses and ecosystem function 
across watersheds.  Broad-scale replication of five alternative riparian buffer configurations will be 
implemented across Oregon to create a gradient of light availability on the stream channel including: 
uncut unit, standard fixed-width buffer, current practice, variable retention buffer, and canopy gaps (n = 
6 for each treatment).  Ultimately, the results from this study will inform alternative riparian 
management strategies by providing a scientific basis for the effects of these approaches on aquatic 
productivity, fish, and physico-chemical characteristics subject to regulation (e.g., temperature).   


Objectives:  


To determine how water quality and stream biota respond to three alternative riparian management 
options (buffer gaps, thinning, and variable retention) relative to standard fixed-width buffers and to a 
wholly unharvested unit. 


1.  Quantify bottom-up factors, including algal standing stocks, primary production, and 
macroinvertebrate abundances, that may affect growth, abundance, and overall production of 
fish and salamanders in headwater streams   


2.  Quantify the short-term (<3 yr) responses of fish and salamander abundance, total biomass, and 
summer growth across prescription alternatives. 


Summary of Recent Accomplishments: 


See progress report for full details 


Recent Presentations of Results and Products: 


Sanders, A, A.A. Coble, A.G. Swartz, M. River, P. James, and D.R. Warren. 2022. Effects of fire and smoke 
on water temperature and dissolved oxygen in headwater streams. Freshwater Science, 
https://doi.org/10.1086/722632 


 







20.FW.WA.8:        NCASI Funding Request: Staff time only 


Title: A review of the effects of riparian forest management on aquatic biota and their habitats   


Project Duration: 1-2 years 


Collaborators: Dana Warren (OSU) 


Contact:  Ashley Coble (acoble@ncasi.org) 


External Funding: N/A 


Relevance/Value to Members: 


Modifications to riparian buffers are not often implemented, but implementation of riparian 
alternatives has the potential to enhance basal resources available for aquatic biota resulting in 
increases in abundance or biomass.  To complement our experimental approach of manipulating 
riparian buffers to assess its effects on stream food webs (20.FW.WA.6, described above), we are 
conducting a literature review focused on better understanding how different riparian management 
strategies may affect aquatic habitat characteristics and biota.  The review will focus on studies of 
riparian thinning, gap creation as either manipulation or natural disturbance, and variable retention 
buffers.  We will identify studies that have focused on responses of temperature, light, periphyton 
biomass, macroinvertebrates, and fish.    


Objectives:  


Review the literature to understand how different riparian management strategies may affect aquatic 
habitat characteristics and biota. 


Summary of Recent Accomplishments: 


Recent Presentations of Results and Products:  


 



mailto:acoble@ncasi.org





21.FW.WA.1:        NCASI Funding Request: Staff time only 


Title: Assessing freshwater biodiversity across a watershed scale gradient of management intensity 
(ERWC framework)  


Project Duration: 2022-2025 


Collaborators: Brooke Penaluna (USFS), Jessica Homyack (Weyerhaeuser), Tiffany Garcia (OSU) 


Contact:  Ashley Coble 


External Funding: $54,000 SFI 


Relevance/Value to Members: 


Protecting biodiversity is a primary objective of sustainable forest management, which relies on best 
management practices to protect aquatic ecosystems.  BMP effectiveness monitoring from state 
regulatory agencies, private forest landowners, and third-party certification programs remain heavily 
focused on using water quality and fish habitat monitoring as a proxy for the protection of biota 
(Warrington et al. 2017).  Traditional methods to quantify macroinvertebrates and fish require intensive 
field measurement and taxonomic expertise, but water collected for environmental DNA (eDNA) can be 
used to determine presence or absence of fish, macroinvertebrates, or amphibians across a large spatial 
distribution of sites (e.g., Coble et al. 2018).  Environmental DNA allows for determination of biodiversity 
in locations with Endangered Species Act (ESA) listed species, without obtaining a federal permit as is 
required for electrofishing.  Incorporating eDNA into our spatial sampling framework (20.FW.WA.5) will 
allow us to obtain biotic information from ESA sites where permits have not been obtained (submitted 
federal permit application, including post-fire sampling) or where take is limited.  Results from this study 
will determine whether biological diversity varies across a gradient of area-weighted stand age and to 
elucidate which landscape or management factors are the most influential predictors of biological 
diversity in forested streams.  


Objectives:  


Complete eDNA analysis from 30 watersheds, including 24 post-fire streams in Oregon’s Cascades and 6 
reference watersheds in Washington.   


Summary of Recent Accomplishments: 


Recent Presentations of Results and Products: 


 







21.FW.WA.6:        NCASI Funding Request: Staff time only 


Title: Evaluating the fish response to adjacent forest harvest at Hinkle Creek watershed, Oregon  


Project Duration: 1- 2 years 


Collaborators: Dana Warren (OSU) 


Contact:  Ashley Coble 


External Funding: N/A 


Relevance/Value to Members: 


Riparian management practices in the Pacific Northwest seek to protect aquatic physical-chemical 
properties as a strategy to protect salmonids.  To date, few paired watershed studies have examined the 
response of fish to an adjacent forest harvest, and of the three Oregon paired watershed studies only 
the response to the first phase of the Alsea Watershed Revisited documents such a change.  In Hinkle 
Creek watershed, the downstream response of fish to an upstream harvest has been published 
(Bateman et al. 2016), but the fish response to harvest in adjacent forest stands has not been analyzed 
or published.  Dr. Coble will continue to work collaboratively with the original principal investigator in 
this study, Douglas Bateman, and with Oregon State University faculty, Dana Warren and Ivan 
Arismendi, to synthesize, draft, and submit a peer-reviewed publication.  This will inform task 
22.FW.WA.3.  No funding is requested, and successful completion of this paper is dependent on 
collaborators volunteering their time and effort to this project. 


Objectives:  


Complete a peer reviewed publication summarizing fish data collected pre- and post-harvest as part of 
the original Hinkle Creek paired watershed study.  


Summary of Recent Accomplishments: 


Recent Presentations of Results and Products: 


 







22.FW.WA.3                 NCASI Funding Request: $15,000 


Title: Comparing wildfire and forest management effects on water quality and fish in headwater 
ecosystems   


Project Duration: Mid-term 2021-2024 


Collaborators: Kevin Bladon (OSU), Dana Warren (OSU) 


Contact:  Ashley Coble 


External Funding: $50,000 (OFIC), other parameters measured at Hinkle are funded by OSU, NASA 


Relevance/Value to Members: 


The 2020 Oregon wildfires burned more than ~1.19M acres (~481K ha) of forest land.  Given that fires of 
the magnitude observed in 2020 are projected to continue to occur across the Western US, it is critical 
to quantify the effects from the current wildfires to enable informed policy and forest and water 
management decisions in the future.   The Archie Creek fire in the southern Cascades burned both the 
north and south fork of Hinkle Creek, which were control and treatment watersheds, respectively, in the 
contemporary Hinkle Creek paired watershed study (HCPWS).  Hinkle Creek is uniquely suited to directly 
evaluate the relative effects of wildfire versus contemporary forest harvest on water quality and biota 
by leveraging 10 years of pre-fire data (4 years pre-harvest, 6 years post-harvest) that includes discharge 
(Surfleet and Skaugset 2013), stream temperature (Kibler et al. 2013), stream chemistry (Meininger 
2012), suspended sediment, amphibian (Leuthold et al. 2012), and fish (Bateman et al. 2016 – prior 
NCASI funded work).  Drs. Kevin Bladon and Dana Warren (OSU) propose to measure stream 
temperature, turbidity, and fish population responses in the first four years following the 2020 stand 
replacing wildfire and will compare these responses with pre- and post-harvest responses.    


Objectives:  


O1. Quantify the effects of wildfire on key physical water quality parameters that describe aquatic 
habitat, such as turbidity and stream temperature.  


O2. Quantify changes in fish abundance and biomass throughout the river network in the first 
summer after the year, and over at least two additional years of post-fire recovery.  


O3. Compare and contrast effects of the 2020 fires to effects of 2005-06 timber harvest on physical 
water quality and fish at Hinkle Creek. 


O4. Quantify supporting data such as canopy closure, air temperature, photosynthetically active 
radiation, large wood, and primary productivity to improve understanding of the processes driving 
observed changes in physical water quality and fish responses. 


Summary of Recent Accomplishments: 


• Peer-reviewed publication on the first summer response of temperature and fish following fire 


Recent Presentations of Results and Products: 


Warren, DR., Roon, D., Swartz, A., and Bladon, K.D. 2022. Cold-water fish persist in a stream system with 
elevated summer temperatures after a severe wildfire. Ecosphere. 13(9): e4233. doi: 
10.1002/ecs2.4233. 


See Progress Report for full details of presentations  







22.FW.WA.5           NCASI Funding Request: $4,000 


Title: Post-fire suspended sediment monitoring of Gate Creek watershed (McKenzie River)   


Project Duration: Mid-term 2021-2025 


Collaborators: Mark River (Weyerhaeuser), Dana Warren (OSU), Peter James (Weyerhaeuser) 


Contact:  Ashley Coble 


External Funding: Leverages Weyerhaeuser field support & equipment, OSU lab facilities for processing 
samples 


Relevance/Value to Members: 


Post-fire changes in stream chemistry are most pronounced in the first few storm events following a 
forest fire.  Increases in suspended sediment during storm events have important implications for 
aquatic habitat, debris flow hazards, and downstream drinking water.  Water quality characterized by 
elevated turbidity, high dissolved organic carbon (DOC) and nitrogen (N) concentrations and altered 
carbon composition (e.g. increased aromaticity) can affect efficiencies of water supply treatment 
downstream. The September-October Holiday Farm fire had a disproportionate effect on Gate Creek 
watershed burning 100% of the watershed with large-scale tree mortality and devastation to riparian 
areas.  USGS hazard risk assessments have identified this watershed as high risk, particularly if large 
storm events occur this winter and spring.  Immediate monitoring of suspended sediment and stream 
chemistry to capture winter and spring storm events will provide critical data to understand sediment 
export throughout the drainage and will be beneficial in supporting post-fire stream food web 
monitoring to build upon 4 years of pre-fire data from three sub-basins within Gate Creek (Dr. Warren 
will seek NSF funding).  This task seeks funding to cover 1 week of support for 2 crew members to 
sample for large woody debris, macroinvertebrates, substrate characteristics, light, and discharge.  
Additionally, funding will cover macroinvertebrate identification and other consumable costs associated 
with laboratory analysis.  Dr. Coble will allocate time to draft a peer-reviewed manuscript using the first 
year of data on total suspended solids, turbidity, nutrient, and carbon concentrations.   


Objectives: Quantify stream sediment concentrations and fluxes from multiple tributaries within a 
drinking water source area adversely affected by recent fires.        


Summary of Recent Accomplishments: 


• Full year of sediment concentration collected and used to calibrate turbidity sensors 


• Weyerhaeuser is now maintaining turbidity sensors and level loggers 


• Summer field sampling of physical, chemical, and biological parameters completed in first 2 
summers post-fire 


Recent Presentations of Results and Products: Manuscript in preparation 


  
 







22.FW.WA.8                  NCASI Funding Request: Staff time 


Title: Effects of the forest products industry on macroinvertebrate assemblages along the river 
continuum  


Project Duration: Mid-term  


Collaborators: Camille Flinders (NCASI), Renee Ragsdale (NCASI) 


Contact:  Ashley Coble (acoble@ncasi.org) 


External Funding: N/A 


Relevance/Value to Members: 


Macroinvertebrate assemblages are commonly used as biological indicators of water quality, particularly 
in response to anthropogenic activities, and NCASI has evaluated their response to mill effluent in four 
river networks throughout the United States (Flinders et al. 2009, 2015).  Further upstream, NCASI has 
monitored macroinvertebrate assemblages on private, state, and federal forest land to evaluate their 
response to forest stand age distribution and forest harvest (20.FW.WA.5, 20.FW.WA.6).  Traditional 
ecological theory posits shifts in species assemblages as river networks transition from headwaters to 
larger streams, and eventually mainstem rivers.  However, integrating anthropogenic land use, including 
the forest products industry, into this framework is currently lacking.  We propose to allocate staff time 
to assess the suitability of existing NCASI datasets to address the question of “how do 
macroinvertebrate assemblages vary throughout a river network in the context of the entire forest 
products supply chain”?  Currently we are compiling datasets (publicly available and NCASI) within the 
McKenzie and Willamette basins that are upstream of the long-term receiving water study sites.  If any 
additional macroinvertebrate datasets are available from Member Companies in this region to 
incorporate, please let us know. 


Objectives: Elucidate how macroinvertebrate assemblages vary throughout a river network in the 
context of the entire forest products supply chain   


Summary of Recent Accomplishments: 


Recent Presentations of Results and Products:  
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23.FW.WA.2      NCASI Funding Request: $27,000 + staff time 


Title: Ground-truthing streamflow duration classification across privately managed forests  


Project Duration: Immediate 2022-2023 


Collaborators: Jason Dunham (USGS) & Emily Heaston (USGS): provided training and assistance 


Contact:  Ashley Coble 


External Funding: $9,000 (WFPA) 


Relevance/Value to Members: 


Forested stream definitions are a primary determinant of the degree of protection surface waters 
receive during forest management by determining allocation of buffers and their widths.  As state and 
federal regulators consider (or re-consider) levels of protection to achieve water quality objectives, 
proposed changes are expected to focus on protections of the smallest forested streams (Kampf et al. 
2021), which often do not require forested buffers.  Federal researchers are actively developing tools to 
improve streamflow designations, but the majority of data informing modeling efforts in the western 
U.S. are derived from federal land.  Federal and privately managed forestland often differentiate by 
biophysical factors such as elevation and gradient, which are identified as important determinates of 
streamflow duration (Jaeger et al. 2018).  Privately managed forests may become regulated on the 
results of these models, in which private land is underrepresented.  We propose to provide funding to 
support one or two field teams verify streamflow regime across private forested lands.  Data will be 
collected following USGS protocols using high resolution GPS devices and will work to inform USGS and 
USFS modeling efforts on streamflow duration during summer low flow.   


Objectives:  


Increase observations of streamflow classification during low flow months on privately managed forest 
in Oregon and Washington.  Populating this database with field observations will improve future 
modeling efforts that may be used to define riparian buffer presence or widths during forest 
management activities.    


Summary of Recent Accomplishments: 


1 season of field data collected already.  See progress report for additional details.  


Recent Presentations of Results and Products:  


 





		20.FW.WA.1 - watershed tech support - 1 pager

		20.FW.WA.2 - Mica creek nutrient - 1 pager

		20.FW.WA.5 - subbasin watershed fire and forest management intensity - 1 pager

		20.FW.WA.6 - riparian alternatives - 1 pager

		20.FW.WA.8 - riparian buffer review - 1 pager

		21.FW.WA.1 freshwater biodiversity SFI funded eDNA - 1 pager

		21.FW.WA.6 Hinkle Creek original fish paper - 1 pager

		22.FW.WA.3 post-fire Hinkle Creek Bladon 1 pager

		22.FW.WA.5 sediment - Gate Creek - 1 pager

		22.FW.WA.8 macroinvertebrate river continuum 1 pager

		23.FW.WA.2 ground truthing streamflow duration 1 pager






20.FW.SF.1       NCASI Funding Request: Staff Time 


Title: Technical support on implementation of certification programs 


Project Duration: Ongoing 


Contact information: Jake Verschuyl (jverschuyl@ncasi.org; 360-873-5012)   


Relevance/Value to Members:  


NCASI Member Companies typically participate in forest certification and chain of custody programs 
developed by organizations such as the Sustainable Forestry Initiative® (SFI) and the Forest Stewardship 
Council.  In addition, certification programs for bioenergy feedstocks such as the Sustainable Biomass 
Program are gaining prominence.  During FY2023-24 Member Companies that implement these 
programs are likely to encounter technical information needs related to implementation and revision of 
certification standards. 


Objectives:  


• NCASI will continue to monitor regulatory and scientific developments related to these issues 
and provide technical support to member companies and their associations as needed.   


• NCASI staff remain engaged in certification related partnership projects with the American Bird 
Conservancy, SFI, and Natureserve.  


• Staff also will update information on the NCASI website documenting the linkage between the 
NCASI technical studies program and certification program research requirements. 


Summary of Recent Accomplishments: 


Recent Presentations of Results and Products:  
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24.FW.SF.1                        NCASI Funding Request: $10,000 + staff time 


Title: Evaluation of model differences for forest carbon projections: A synthesis and assessment of 
current state of the knowledge 


Project Duration: 2023-2024 


Collaborators: Aaron Weiskittel (University of Maine), Adam Daigneault (University of Maine), Michael 
Premer (University of Maine), and Dan Hayes (University of Maine)  


Contact: Kevin Solarik (ksolarik@ncasi.org) 


Funding Entities: Center for Research on Sustainable Forests (CAFS), Cooperative Forestry Research 
Unit (CFRU), Northeastern States Research Cooperative (NSRU) 


Relevance/Value to NCASI Members: Forests are receiving increased attention as a potential natural 
climate solution through their ability to both sequester and store carbon and provide sustainable 
products. To date, limited synthesis and assessment of the current state of knowledge on forest carbon 
projection systems in North America is available or has been attempted. As policy on natural climate 
solutions and carbon markets begin to emerge, it is important to better understand regional differences at 
relevant management scales depending on the question or objective trying to be met. In addition, a better 
examination of key underlying assumptions like spatial resolution, temporal scale, and modeling approach 
is needed. Less is currently known about differences in these predictions across spatial scales (stand- vs. 
landscape-level), particularly when comparing different management approaches. A better understanding 
of these critical differences and specific recommendations for future refinement would be helpful to guide 
research, policy, land management, and most importantly, forest carbon offset programs.   


Objectives: 


1. Determine the most widely used forest carbon projection systems across four regions in the US 
(PNW, SE, Lake States, and NE). 


2. Assess key assumptions, strengths, and potential weaknesses of the most commonly used forest 
carbon projection systems.  


3. Synthesize findings and provide specific recommendations for appropriate use and future 
refinements. 


Summary of Recent Accomplishments: 


Recent Presentations of Results and Products: 


Weiskittel, A., Daigneault, A., Simons-Legaard, E., Fernandez, I. (2022). Comparing alternative future carbon 
pathways: Assessing multi-regional and -model differences. NCASI Northern Sounding Board Meeting, 
August 23, 2022. Oral Presentation. 
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20.FW.WB.1       NCASI Funding Request: Staff Time 


Title: Technical support on biodiversity and species of concern 


Project Duration: Ongoing 


Contact information: Jake Verschuyl (jverschuyl@ncasi.org; 360-873-5012)   


Relevance/Value to Members: Biodiversity-related issues have significant influence on land 
management and wood procurement nationwide. Federal agencies often have an incomplete 
understanding of relationships between forest management and biological diversity, and ENGOs often 
raise fears among the public and customers that management practices are not sustainable and 
threaten diversity. We provide provide technical support on quantitative and modeling components of 
NCASI studies investigating biological diversity, threatened/ endangered species, and 
watershed/landscape management.   


Objectives:  


1. Assess recent litigation and court settlements in regards to potential agency actions and 
regulatory protection (e.g., listing petitions) 


2. Monitor agency publications (e.g., Federal Register) and key ENGO websites, interact with 
agency and company staff, participate on species status assessment and recovery teams, review 
and prepare technical comments on regulatory proposals, and support industry and landowner 
responses to proposed agency actions and other activities (e.g., ENGO market campaigns) as 
appropriate. 


Summary of Recent Accomplishments: 


• Provided comments to USFWS on proposed Critical Habitat for coastal martens 


• Co-lead multi-stakeholder field trip on coastal marten habitat 


• Participated in Oregon Carnivore Working Group 


• Provided detailed data from ongoing research on red tree vole to USFWS for their Species Status 
Assessment request for information. 


• Participated on Marbled Murrelet survey protocol revision team 


• Participated in OSU Marbled Murrelet Project Stakeholder Advisory Group 


• Participated on the OSU Institute for Working Forest Landscapes Board – Dean’s Advisory Team 


• Participated on the OSU Fish and Wildlife Habitats in Managed Forests Board 


• Provided comments to USFS on the request for information to help define old-growth and 
mature forests on federal lands 


Recent Presentations of Results and Products:  
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23.FW.WB.3           NCASI Funding Request: $90,000 + staff time 


Title: Retained structures experiment – bird community response 


Project Duration: 2022-2025 


Collaborators: Greenwood, Manulife, Starker and Weyerhaeuser.  We will likely purse collaboration and 
a masters student through Cal Poly Humboldt (Humboldt State University) 


Contact: Jake Verschuyl (jverschuyl@ncasi.org; 360-873-5012) 


External Funding: External funding and/or tuition assistance will be sought after confirming 
collaboration.  


Relevance/Value to Members: 


Although research on the effectiveness of structural retention in clearcuts of the Pacific Northwest has 
been conducted, questions remain regarding retention patch size, slope position of patches, and how 
adjacent vegetation types influence patch functionality. This experimental study was designed to assess 
biodiversity responses to operational structural retention arrangements, initially using small mammal 
and carabid beetle occupancy and diversity to represent taxa that respond quickly to changes in 
condition on the forest floor.  Sampling occurred in 5 treatments replicated in 10 blocks across WA and 
OR from 2017-2019.  The original objectives for this work included a return to sample birds once 
mechanically created snags (in 2/5 treatments) had begun to decay – that time is now.  Understanding 
bird responses to these retention treatments will provide an opportunity to maximize the value of our 
experimental design and assess the diversity of a larger and more mobile taxonomic group that uses the 
forest canopy as well as the understory.  We will capture biodiversity, as well as species-level responses 
that will help describe overall bird use of managed forests in this region.  


Objectives and goals:  


1. Assess bird abundance and diversity response to 5 retention treatments across 8 remaining 
unburned blocks (40 stands)  


2. Relate bird diversity and abundance to other measures of biodiversity across retention treatments. 


3. Develop and disseminate information on which species utilize retention and which 
arrangements maximize that utilization.  


Summary of Recent Accomplishments: 


Pilot sampling for birds took place in 2022 to assess bird use of the retention patches and test a 
sampling protocol.  


Recent Presentations of Results and Products: 


3 publications are complete, summarizing the carabid beetle and small mammal sampling that took 
place in collaboration with Michigan State University from 2017-2019.  
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20.FW.WB.5       NCASI Funding Request: Staff time 


Title: NAFO Initiative – Collaborative at-risk species projects with USFWS 


Project Duration: June 2020 - ongoing 


Collaborators: US Fish and Wildlife Service, NAFO Member Companies in Oregon and California  


Contact information: Jake Verschuyl (jverschuyl@ncasi.org; 360-873-5012)   


External Funding: Wildlife Conservation Initiative – several individual grants. 


Relevance/Value to Members: The National Alliance of Forest Owners has established an At-risk Species 
Initiative to promote improved understanding of the contributions that working forests make to 
conservation of at-risk species. Partners involved in the Initiative vary regionally but typically include 
NAFO-member companies, the U.S. Fish & Wildlife Service, other federal agencies, state wildlife 
agencies, conservation organizations, and others.  


Objectives:  


1. Work with partners to identify and implementing collaborative projects to address important 
questions about the value of working forest for selected species of conservation interest which 
will potentially lead to some species not being federally listed as threatened or endangered.  


2. Participate in the design and implementation of selected cooperative research projects.  


3. Support ongoing partnership efforts by NCASI member companies and the Service to document 
contributions of working forests to conservation of species proposed for listing as threatened or 
endangered 


Summary of Recent Accomplishments: 


• Designed and executed large scale forest pollinator study stratified by fire severity. 


• Evaluated conspecific arboreal nest use as it relates to red tree voles. 


• Provided novel metabarcoding data for both martens and pollinators from bees. 


Recent Presentations of Results and Products:  
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20.FW.WB.9           NCASI Funding Request: Staff Time 


Title: Conservation value of slash piles for Pacific marten and fisher 


Project Duration: June 2020 – June 2023  


Collaborators: John Bailey.  Master’s Student: Jordan Ellison, Green Diamond Resources Company, 
Rayonier, USDI Bureau of Land Management, US Fish and Wildlife Service, Fisher Candidate 
Conservation Agreement with Assurances 


Contact information: Katie Moriarty (kmoriarty@ncasi.org; 541-249-3987)   


External Funding: OSU Fish and Wildlife Habitat in Managed Forests, Fisher Candidate Conservation 
Agreement with Assurances 


Relevance/Value to Members: We designed this study to occur in proximity to coastal martens and 
fishers.  Coastal martens were designated federally threatened (2020) and state endangered in 
California (2019).  Fishers were designated state and federally endangered in the Southern Sierra 
Nevada.  Fishers have been petitioned in the west; withdrawn in 2020 and under litigation.  
Supplemental introductions are being considered.  This work is being requested by the USFWS, NRS, and 
landowners for restoration opportunities. 


Objectives:  


1. Document carnivores visiting slash piles. Establish whether martens or fishers enter clear cuts to 
visit slash piles, and whether pile/stand characteristics are associated with detections.  


2. Estimate small mammal abundance & diversity at slash piles and the surrounding landscape. If 
small mammal populations increase with slash piles, this may represent a foraging resource.  


3. Model surface fire behavior. We will assess the degree to which pile size, composition, and 
distribution influence risk of increasing wildfire severity while accounting for weather.  


Summary of Recent Accomplishments: 


• Field work completed November 2021. Over 2 million photos tagged and processed. 


• Crews surveyed 69 stands for vegetation & woody debris sampling, remote camera monitoring, 
and slash pile measurements in northwest California. Teams completed intensive sampling (n = 
10 stands in CA, n = 8 stands in OR) to generate fire behavior models 


Recent Presentations of Results and Products:  


Ellison, J., K. M. Moriarty, A. Larsen-Gray, L. Ellsworth, and J. D. Bailey. 2022. Conservation value of slash 
piles for Pacific martens and fishers,  The Wildlife Society Annual Conference. Spokane, 
Washington. 


Ellison, J., K. M. Moriarty, A. Larsen-Gray, and J. D. Bailey. 2022. Conservation value of slash piles for 
conserving rare carnivores,  abstract within: Conference Oregon Chapter of the Wildlife Society 
Annual Conference. Newport, Oregon. 
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21.FW.WB.1       NCASI Funding Request: Staff Time 


Title: Pollinator Composition and Diversity Amongst Forested Stands and Watersheds that Differ in Age 


Project Duration: 2020-2023 


Collaborators: Oregon Bee Atlas, USDA Forest Service, Weyerhaeuser, Manulife, Hampton, Green 
Diamond Resources Company, Oregon Department of Forestry, Stimpson, Sierra Pacific Industries, 
Collins Pine, Avery Properties, University of Oregon 


Contact: Katie Moriarty (kmoriarty@ncasi.org; 541-249-3987), Laura Six, Deanna Williams, Lincoln Best, 
Jake Verschuyl, AJ Kroll, Lauren Ponisio   


External Funding: >$300,000 NCASI, USDA Forest Service, Wildlife Conservation Initiative, US Fish and 
Wildlife Service, Weyerhaeuser 


Relevance/Value to Members: 


Several bee species have been federally listed (Franklin’s bumblebee) or are proposed for listing in 
Oregon and California.  California is expected to propose listing up to 8 species in the coming year with 
September’s upholding of bees being classified as “fish” under the CaESA. We are providing information 
as to the distribution of rare (and common) bees, sampling methods, and potential forest management 
activities that may promote high pollinator abundance or diversity. We also are evaluating bee 
occupancy and richness within a spatial scale that may be more relevant to public perception and policy 
(e.g., watershed).  In the coming year, we expect to publish our results and provide the scientific 
community with several locations that will expand species’ ranges.  


Objectives:  


1. Collect information on pollinator species richness within sub-basin watersheds that differ in 
average stand age as part of a landscape-scale replicated study.   


2. Combine passive capture, net, and botanical surveys to identify specific plants that pollinators 
are using within stands that differ in age 


3. Use DNA metabarcoding on pollen loads isolated from hand-netted bees to reveal a more 
detailed record of individual- and species-level foraging behavior. 


4. Evaluate parasite content within bumble bees and honeybees in regions that differ in stand age.   


5. Combine combination of hand-netted information and DNA metabarcoding to identify native 
plants correlated with bumble bee use.  Identify floral mixes, including shrubs, that could be 
used for large scale restoration. 


Summary of Recent Accomplishments: 


• We finished our largest field season and are sorting/classifying >40,000 bees. 


Recent Presentations of Results and Products: 


• Ponisio presented at Wildlife in the Woods (NCASI BBQ) in July  


• Dr. Larsen-Gray integrated this project within her talk at NCASI’s conference on Sep 28 


• We will present 2 posters and a full oral session including Dr. Moriarty’s focus on this project 
within the international TWS conference in Spokane 
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22.FW.WB.1          NCASI Funding Request: $41,000 + staff time 


Title: Cumulative effects of post-fire riparian forest management on vegetation structure and diversity 
across fire severity and land ownership 


Project Duration: 2021-2025 


Collaborators: Weyerhaeuser, Giustina Land and Timber, BLM, Port Blakely 


Contact: Laura Six (laura.six@weyerhaeuser.com), Jake Verschuyl (jverschuyl@ncasi.org) 


External Funding: $16,000 Weyerhaeuser 


Relevance/Value to Members:  The results of this effort will provide NCASI Members the ability to 
evaluate how fire and post-fire forest management influences vegetation recovery and, when combined 
with 20.FW.WA.5, the effects of vegetation recovery and shading on aquatic ecosystem processes. 
These results will illustrate the complexity of vegetation response after mixed severity fire and its 
influence of stream temperature and shading, especially within forested buffers which are an 
ecologically critical area of importance. 


Objectives:  


1. Determine whether effects of fire and post-fire management on riparian vegetation are 
transient or whether they cause long-term shifts in the vegetation community. 


2. Relate riparian vegetation community structure to aquatic ecosystem function – can the 
understory provide shade and decrease stream temperature while overstory vegetation remains 
limited? 


3. Assess whether vegetation cover or species richness following disturbance varies with distance 
from the stream? Is there a threshold distance around which patterns of vegetation differ? 


Summary of Recent Accomplishments: 


Two years of field work have been completed.  One draft manuscript has been submitted, and one 
presentation was given at the Ecological Society of America meeting in summer 2022.  


Recent Presentations of Results and Products: 


A draft manuscript on large wood density as it relates to fire and management intensity has been 
submitted to Fire Ecology using this data: lead author – Ashley Coble. 


Six, L.J., A. Coble. J. Verschuyl. 2022. Riparian vegetation dynamics after mixed severity fire in the 
western Cascades, Oregon. Oral presentation at Ecological Society of America Annual meeting, 
Montreal, Canada. 
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23.FW.WB.2         NCASI Funding Request: $21,000 + staff time 


Title: Pollinator Pathways Across Landscapes (PPALs) – avian and bat diversity  


Project Duration: 2022-2024 


Collaborators: USDA Forest Service, Manulife, Stimpson, Weyerhaeuser, GreenWood (not sampled in 
2022), Cal Poly Humboldt, University of Riverside, University of Oregon 


Contact: Katie Moriarty (kmoriarty@ncasi.org; 541-249-3987) 


External Funding: $611,757 from USDA Forest Service, Siuslaw National Forest and Rocky Mountain 
Research Station 


Relevance/Value to Members: 


This effort leverages work being supported by a large federal grant to demonstrate how private 
intensively managed forests contribute to biodiversity across mixed ownership landscapes.  Here, we 
sampled insect pollinators and floral resources (see 21.FW.WB.1), hummingbird diet, avian and bat 
occurrence in watersheds that contain mid-seral thinning and forest gap treatments being conducted by 
the Forest Service.  To add context to our data and value to our Member Companies, we surveyed 
private working forests in addition to these thinned and unthinned older stands within the Oregon Coast 
Range. A number of focal species, including the rufous hummingbird, hoary bat and silver-haired bat 
may be considered for listing (as soon as Nov 2022 for hoary bats in Canada under SARA).  Having pilot 
data to better design projects may be helpful for assessing risk and planning directed research.  


Objectives:  


1. Quantify plant/pollinator interactions in areas that differ in forest cover and age 


2. Use pollinator data to inform native species mixes for planting in the coast range specifically 


3. Develop protocols for sampling hummingbird, avian, and bat communities in areas that differ in 
forest cover 


4. Survey forested stands to summarize baseline diversity metrics and species occurrence data in 
preparation for comparison with future thinning (or clear cut) treatments with floral 
enhancements 


Summary of Recent Accomplishments: 


• We contracted University of Riverside (Dr. Rankin) to capture hummingbirds and collect diet 
samples in the coast range.  We conducted point-count surveys for birds using similar protocols 
to IFM (May-August).  We collected bat acoustic data in watersheds that differed in average age 
and stands that differed in age and composition.   


Recent Presentations of Results and Products: 


•  Presentations outside of our task group will occur after our second year of data collection.  A 
progress report will be delivered to USFS in December. 
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24.FW.WB.2        NCASI Funding Request: $85,000 + staff time 


Title: Fire Severity and Salvage – Comparing Pollinator Composition and Diversity Amongst Forested 
Stands that Differ in Fire Severity and Distance within High Severity Patches 


Project Duration: 2022-2025 


Collaborators: Oregon Bee Atlas, USDA Forest Service, Weyerhaeuser, Manulife, Oregon Department of 
Forestry, Stimpson, Sierra Pacific Industries, Collins Pine, Avery Properties, University of Oregon 


Contact: Katie Moriarty (kmoriarty@ncasi.org; 541-249-3987) 


External Funding: $175,000 Wildlife Conservation Initiative, Weyerhaeuser. Matching ask with WCI for 
2023 field work.  Dr. Ponisio has submitted 2 grants to work in the Holiday Farm fire. 


Relevance/Value to Members:  Fires during 2020 and 2021 were of the largest and most severe on 
record in the western United States as well as in many forests globally (e.g., Australia, Russia, Brazil). 
Insect pollinators may benefit from large openings when floral resources are abundant. Nonetheless, 
during the fires, most insect pollinators would have been killed and thus species would need to 
recolonize into high severity patches. Our data will inform distribution, richness, and opportunities 
following fires. Further, we aim to collect a time series of data both following high severity fire and 
salvage logging which is a gap in information overall (see paragraph, full proposal). Continued work is 
paramount as our first year (2022) will paint a picture of devastation. We expect floral (and thus bee) 
recovery to occur following 2-4 years post alteration (burn, salvage).     


Objectives:  


1. Collect information on pollinator distributions and species richness within stands that differ in 
age, fire severity, and distance within high severity fire. 


2. Combine passive capture, net, and botanical surveys to identify specific plants that pollinators 
are using within stands that differ in fire severity and harvest intensity. 


3. Use DNA metabarcoding on pollen loads isolated from hand-netted bees to reveal a more 
detailed record of individual- and species-level foraging behavior. 


4. Evaluate parasite content within bumble bees and honeybees in different fires.   


5. Assess the effect size on pollinators (abundance, diversity) following large scale native plant 
floral enhancements. 


Summary of Recent Accomplishments: 


• We finished our largest field season with no incidents and are sorting/classifying >40,000 bees. 


• We surveyed the Beachie, Holiday Farm, Dixie, and Claremont Bear fires with repeated sampling 
in all areas surveyed in 2021. 
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24.FW.WB.6       NCASI Funding Request: Staff time 


Title: Environmental Responses to Post-Disturbance Management Interventions 


Project Duration: 2023-2024 


Collaborators: AJ Kroll, Weyerhaeuser 


Contact: Jake Verschuyl (jverschuyl@ncasi.org; 360-873-5012) 


External Funding:   


Relevance/Value to Members: 
Large-scale environmental disturbances such as floods, fires, and insect outbreaks can influence species 
distributions, community composition, and ecosystem processes. Management responses to 
environmental disturbances seek to maintain populations and communities of native organisms, control 
exotic organisms, and reduce the risk of further disturbances and potential environmental degradation. 
For example, forests disturbed by fire, extreme wind events, or insect infestations are often “salvaged” 
to capture remaining economic value of standing and down timber. Salvage-logging is a controversial 
conservation and management issue worldwide. Potential ecological effects of salvage logging include 
changes in vertebrate and invertebrate populations, stand regeneration rates, ecosystem processes, and 
landscape pattern.  However, recovery of economic value in order to reduce detrimental societal 
impacts is often a primary consideration to motivate salvage activities.  In so doing, management 
responses may exert additive or multiplicative effects on ecological processes beyond those caused by 
the disturbances themselves which, in turn, may have been influenced by previous anthropogenic 
activities.  As human demand for ecosystem products increases, management interventions after 
disturbances may occur more frequently. In addition, increases in size and frequency of natural 
disturbances due to climate change are predicted.  Finally, some ecosystems (e.g., moist forests west of 
the Cascades), characterized historically by prolonged periods without disturbance, have experienced 
several recent large-scale events.  To provide managers with a contemporary perspective on post-
disturbance options, we propose a structured evidence review of ecological responses to cumulative 
effects of anthropogenic and natural disturbances.  


Objectives and goals:  


1. Develop focal questions based on management objectives for east- and west-side forests 


2. Conduct literature review and synthesize findings in SER format - Similar to Martin et al (2021)   


Summary of Recent Accomplishments:   


Recent Presentations of Results and Products:  
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MEMORANDUM  


 


July 25, 2022 


 


TO:   Forest Practices Board 


FROM:  Saboor Jawad, Adaptive Management Program Administrator (AMPA) 


  Saboor.Jawad@dnr.wa.gov | 360-742-7130 


SUBJECT:  Proposed 23-25 Biennium Master Project Schedule and Budget  


 


I am requesting your approval of the proposed Master Project Schedule and associated budget 
(MPS) for the 23-25 biennium. The proposed MPS is a consensus recommendation of the Timber, 
Fish and Wildlife (TFW) Policy Committee1 and represents the current priorities of the Adaptive 
Management Program (AMP). On project schedule compliance, additionally, TFW Policy 
Committee also concluded that ongoing projects are scheduled to be completed by 2031.  


The program’s funding need is $17,939,877 for all components in FY 24 and FY 25. This amount 
funds the following three components of the program:  


1- Administration including science staff, dispute resolution, contingency funds, scientific peer 
review and the implementation of State Auditor recommendations ($4,279,703) 


2- Research Projects ($ 5,432,819) 
3- Participation Grants ($8,227,355) 


In addition to requesting your approval, I am also recommending to use the proposed MPS as the 
basis for a legislative funding request. My recommendation to the Board is to request $ 5,577,170 in 
supplemental funding during the upcoming legislative session (line 73: GF-S in the attached MPS). 
Supplemental funding is needed because funding from the Forest and Fish Support Account and 


                                                           
1 At their July 2022 regular meeting, TFW Policy Committee passed the following motion: “Darin Cramer 
moved to approve the Master Project Schedule and Budget as presented by the AMPA and that the 
Budget workgroup continues to work on the contingencies and priorities.” 
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from the GF-S AMP Base Carry Forward (lines 71 and 72) is not sufficient to cover AMP 
expenditures in the 23-25 biennium.  


Full details on all components of the AMP are in the attached MPS. The following are key highlights 
and overview of the MPS for the 23-25 biennium:  


1- Administration:  
• Lines 7-11: With the exception of one vacant CMER Scientist position, the rest of AMP 


administrative, project management and science staff positions are all filled. Science staff 
and contractors carry out nearly all of the science work of the program. We have four 
staff scientists working currently and would need to fill the fifth position in FY26 or 
sooner if funds become available.  


• Line 13: We expect to transition to a DNR hosted AMP online collaboration space and 
public-facing dashboard in the first half of calendar year 2023. The collaboration space 
will be on Sharepoint Online. AMP participants will have access to this space which will 
host the program’s documents. The public facing dashboard, as recommended by SAO, 
will be on DNR website. The existing budget line item for the current Information 
Management System would be removed from the MPS in FY25.  


• Line 15: Contingency funds are retained for the program. These funds are used to cover 
unexpected and necessary project costs and MPS provides $100,000 per biennium.  


• Lines 18-26: These budget lines complete the implementation of the Statue Auditor 
Office (SAO) recommendations for the AMP. Existing on-call dispute resolution 
contracts for both CMER and TFW Policy Committee are now also maintained as 
recommended by SAO. The Board separately approved funds for on-call dispute 
resolution contracts (line 26) at their February 2022 meeting.  
 


2- Research Projects 


Twelve research projects that are ongoing are recommended for continued funding in the 
23-25 biennium. These are:  


• Extensive Monitoring: Type F/N Stream Temperature and Extensive Riparian Status 
and Trends Monitoring 


• Unstable Slopes Criteria  
o Shallow Landslide Susceptibility 
o Shallow Landslide Runout 
o Management Susceptibility Modeling 


• Eastside Type N Riparian Effectiveness (ENREP) 
• Westside Type F Riparian Prescription Monitoring 
• Road Prescription-Scale Effectiveness Monitoring  
• Deep Seated Research Strategy: 


o Mapping Objectives 
o Pilot Classification 
o Toolkit Development 
o Groundwater Modeling 
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o Physical Modeling 
o Landslide Monitoring 


• Temperature and Amphibians in discontinuously flowing Np reaches  
• Eastside Timber Harvest Types Evaluation Project (ETHEP) 
• Water Typing Strategy (PHB Validation, Physicals, LiDAR Model Map) 
• Riparian Characteristics and Shade Response 
• Forested Wetlands Effectiveness Study 
• Type Np Hard Rock Phase III - Amphibian Demographics 


 


The following projects are expected to be completed in the current biennium (21-23). No 
funds are requested for these projects in the 23-25 biennium.  


• Line 34: Unstable Slopes – Object-based Landform Mapping 
• Line 51: Riparian Literature Synthesis 
• Line 62: LiDAR for Unstable Slopes and ENREP 


The following projects were completed in the current biennium and are, therefore, removed 
from the MPS:  


• Type N Experimental Buffer Treatment Project in Hard Rock Lithology  
• Type N Experimental Buffer Treatment Project in Soft Rock Lithology  
• Fish/Habitat Detection using eDNA  
• Wetlands Intrinsic Potential (WIP) Tool  
• Literature Review – Forested Wetlands  


 
3- Participation Grants:  


 
Line 80: NGO and County Participation Grants. This line is amended to cover participation 
cost of Washington Farm Forestry Association (WFFA) and the Washington State Association 
of Counties (WASAC). For each of the NGO listed above, participation grant will increase to 
$380,000 per entity per biennium to cover their actual cost of participation. This amounts to 
$183,660 per biennium overall increase in this line. Additionally, participation grants are now 
planned to be included in the biennium legislative requests.  


In collaboration with AMP staff, TFW Policy Committee plans to continue budget workgroup 
meetings to address issues pertaining to AMP priorities, and deficits in out-year biennia. Changes 
and amendments to the MPS resulting from this effort will be brought forward for  at your May 
2023 regular meeting.  


Attachments:  


- Proposed Master Project Schedule and Associated Budget for 23-25 Biennium 


 







1 Master Project Schedule and Budget for the Adaptive Management Program  
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Expenditure
Proposed 
FY2024


Proposed 
FY2025


Proposed 
FY2026


Proposed 
FY2027


Proposed 
FY2028


Proposed 
FY2029


Proposed 
FY2030


Proposed 
FY2031


Proposed 
FY2032


Proposed 
FY2033


Proposed 
FY2034


Proposed 
FY2035


Proposed 
FY2036


Proposed 
FY2037


6 Administration and Program Staff
7 Program Administration (AMPA and Contract Specialist) 346,749  346,749  353,684  353,684  360,758  360,758  367,973  367,973  375,332  375,332  382,839  382,839  390,496  390,496 
8 Administrative Assistant (supports TFW Policy & CMER) 98,226  98,226  100,191  100,191  102,194  102,194  104,238  104,238  106,323  106,323  108,449  108,449  110,618  110,618 
9 Project Support (3.75 Project Managers) 628,524  628,524  641,094  641,094  653,916  653,916  666,995  666,995  680,335  680,335  693,941  693,941  707,820  707,820 
10 Full time CMER Scientists at the NWIFC (Up to 4 staff: Ecologist, Geologist, Riparian,  


Wetland)
554,355  579,844  735,467  748,338  761,434  774,759  788,317  802,113  816,150  830,433  844,965  859,752  874,798  890,107 


11 CMER Scientist Eastside (NRS 4) 180,642  180,642  184,255  184,255  187,940  187,940  191,699  191,699  195,533  195,533  199,443  199,443  203,432  203,432 
12 Independent Scientific Peer‐Review 71,611  71,611  73,759  73,759  75,972  75,972  78,251  78,251  80,599  80,599  83,016  83,016  85,507  85,507 
13 Information Management System Updates 4,000  0  0  0  0  0  0  0  0  0  0  0  0  0 


14 CMER Conference (Facility, refreshments, programs) 0  5,000  0  5,000  0  5,000  0  5,000  5,000  5,000                5,000           
15 Contingency Fund for Projects 50,000  50,000  100,000  0  100,000  0  100,000  0  100,000  0  100,000  0  100,000  0 


16 TFW Policy Committee Facilitation (on‐call contract)
17 SAO Recommendations
18 Onboarding and training for new members (CMER, Policy and Board) 70,000  0 
19 Technical Editor and CMER Statistical support (on‐call contract) 10,000  10,000 
20 Science review of the program every five years  0  0  0  280,000  140,000  140,000 
21 Review decission making model and principal participation ‐ facilitated caucus 


principals' meetings
37,500  37,500 


22 Integreated online workspace for AMP and public facing dashboard (SAO 
Recommendation )


10,000  10,000 


23 Policy Committee Non‐CMER Initiatives
24 Type Np Workgroup (Collaborative Research Allowance, Direct Buy, & Enhanced 
25 AMP Principals Facilitation (Center for Conservation Peacebuilding)
26 Dispute Resolution Mediation Contingency Funds (Policy mediation/facilitation and 


CMER Technical Arbitration Panel on‐call contracts)
100,000  100,000  45,000  45,000  45,000  45,000  45,000  45,000 


27 Research and Monitoring Projects
28 Hard Rock Lithology‐ Type N Experimental Buffer Treatment Project ‐ Temperature 
29 Hard Rock Lithology‐ Type N Experimental Buffer Treatment Project ‐ Extended 
30 Soft Rock Lithology ‐Type N Experimental Buffer Treatment Project ‐ (1) Monitoring 
31 Soft Rock Lithology ‐Type N Experimental Buffer Treatment Project ‐ Extended 
32 Extensive Riparian Status and Trends Monitoring ‐‐ Vegetation, Type F/N ‐ Westside 
33 Extensive Monitoring: Type F/N Streatm Temperature 50,000  50,000  300,000  250,000  250,000 
34 Unstable Slopes Criteria ‐ Object‐based Landform Mapping 0  0 


35 Unstable Slopes Criteria ‐ Shallow Landslide Susceptibility 10,000  10,000 
36 Unstable Slopes Criteria ‐ Shallow Landslide Runout 10,000  10,000 
37 Unstable Slopes Criteria ‐ Management Susceptibility Modeling 25,000  25,000  75,000  25,000 
38 Eastside Type N Riparian Effectiveness (ENREP) 656,703  581,370  489,632  330,688  276,442 
39 Westside Type F Riparian Prescription Monitoring 30,000  167,272  375,020  245,860  134,660  375,020  297,860  21,600 
40 Road Prescription‐Scale Effectiveness Monitoring  616,047  596,147  596,047  351,000  75,000  25,000 
41 Deep Seated Research Strategy ‐‐ Mapping Objectives 75,000  75,000  42,500  25,000 
42 Deep Seated Research Strategy ‐‐ Pilot Classification 75,000  75,000  42,500  25,000 
43 Deep Seated Research Strategy ‐‐ Toolkit Development 25,000 
44 Deep Seated Research Strategy ‐‐ Groundwater Modeling 25,000  50,000  25,000  50,000  15,000 
45 Deep Seated Research Strategy ‐‐ Physical Modeling 25,000  50,000  25,000  50,000  15,000  0  0 
46 Deep Seated Research Strategy ‐‐ Landslide Monitoring 25,000  0  65,000  0  160,000  200,000  200,000  200,000  100,000 
47 Temperature and Amphibians in discontinuously flowing Np reaches  0  80,000  250,000  360,000  360,000  360,000  250,000  0 25,000
48 Eastside Timber Harvest Types Evaluation Project (ETHEP) 160,521  162,000 
49 Water Typing Strategy (PHB Validation, Physicals, LiDAR Model Map) 185,600  450,000  1,158,900  1,153,400  419,300  59,500 
50 Fish/Habitat Detection using eDNA ‐‐ re‐scoped to pilot project
51 Riparian Literature Synthesis Project
52 Wetlands Intrinsic Potential (WIP) Tool
53 Literature Review ‐‐ Forested Wetlands (Updated; WetSAG)
54 Riparian Characteristics and Shade Response 177,993  142,238  178,914  283,914  20,000 
55 Forested Wetlands Effectiveness Study 173,305  165,024  85,000  35,000  0  0 
56 Wetlands Management Zone Effectiveness Monitoring  0  0  100,000  0  360,000  360,000  360,000  360,000  100,000  45,000 
57 Wetlands Intensive Monitoring 50,000  200,000  200,000  200,000 
58 Road Sub‐Basin‐Scale Effectiveness Monitoring ‐‐ Resample (Re‐scoping)   75,000  250,000  250,000  250,000 
59 Watershed Scale Assessment of Cumulative Effects (roads and riparian) ‐‐ post  0  0  0  50,000  340,000  340,000  340,000  340,000  340,000  100000
60 EMEP ‐ for going through ISPR review.
61 RMAP checklist survey
62 LiDAR for Unstable Slopes and ENREP work  
63 Type Np Hard Rock Phase III ‐ Amphibian Demographics 312,300  86,300  0


64
65 AMP Research Expenses  (Lines 6 to 56) 4,819,076  4,893,446  6,041,963  5,571,183  4,372,616  3,715,059  4,240,333  3,587,868  3,554,271  2,798,554  2,797,655  2,432,441 2,517,671  2,392,980 
66 Projected Available Funds for Research  (Rev. minus Partic Grants and Indirect) 4,819,076  4,893,446 
67 Rollover funds from previous FY  (1st FY to 2nd FY) 0  0 
68 Balance at the end of Fiscal Year  (Funds + FY1 Rollover ‐ Expenses) 0  (0)
69
70 REVENUE


71 GF‐S ‐ AMP Carry Forward (i.e. base admin funding)  277,100  277,100  277,100  277,100  277,100  277,100  277,100  277,100  277,100  277,100  277,100  277,100  277,100  277,100 
72 FFSA ‐ AMP (Business and Occupation Tax surcharge) 5,127,000  5,127,000  5,127,000  5,127,000  5,127,000  5,127,000  5,127,000  5,127,000  5,127,000  5,127,000  5,127,000  5,127,000  5,127,000  5,127,000 
73 GF‐S ‐ AMP Research (Biennium Legislative Request)  2,751,400  2,825,770  1,857,000  1,857,000  1,857,000  1,857,000  1,857,000  1,857,000  1,857,000  1,857,000  1,857,000  1,857,000  1,857,000  1,857,000 







74 MTCA operating  777,254  777,254  777,254  777,254  777,254  777,254  777,254  777,254  777,254  777,254  777,254  777,254  777,254  777,254 
75 Section 310(9) NGO Proviso One‐Time
76 Subtotal of Revenue 8,932,754  9,007,124  8,042,004  8,038,354  8,038,354  8,038,354  8,038,354  8,038,354  8,038,354  8,038,354  8,038,354  8,038,354        8,038,354  8,038,354 
77 EXPENSES
78 TFW Participation Agreements and Indirect
79 Tribal Participation Agreements 2,750,000  2,750,000  2,750,000  2,750,000  2,750,000  2,750,000  2,750,000  2,750,000  2,750,000  2,750,000  2,750,000  2,750,000  2,750,000  2,750,000 
80 NGO and County Participation Grants  743,923  743,923  518,093  518,093  518,093  518,093  518,093  518,093  518,093  518,093  518,093  518,093  518,093  518,093 


81 State Agencies 358,645  358,645  358,645  358,645  358,645  358,645  358,645  358,645  358,645  358,645  358,645  358,645  358,645  358,645 
82 FFSA DAHP ( Dept. Archeology & Historic Preservation) 94,500  94,500  94,500  94,500  94,500  94,500  94,500  94,500  94,500  94,500  94,500  94,500              94,500  94,500 
83 FFSA DNR Indirect 166,610  166,610  166,610  166,610  166,610  166,610  166,610  166,610  166,610  166,610  166,610  166,610           166,610  166,610 
84 Subtotal of TFW Participation Agreements, DAHP,  and indirect 4,113,678  4,113,678  3,887,848  3,887,848  3,887,848  3,887,848  3,736,500  3,736,500  3,736,500  3,736,500  3,736,500  3,736,500        3,736,500  3,736,500 
85 PROGRAM TOTALS
86 Revenue 8,932,754  9,007,124  8,042,004  8,038,354  8,038,354  8,038,354  8,038,354  8,038,354  8,038,354  8,038,354  8,038,354  8,038,354        8,038,354  8,038,354 
87 AMP Research Expenses 4,819,076  4,893,446  6,041,963  5,571,183  4,372,616  3,715,059  4,240,333  3,587,868  3,554,271  2,798,554  2,797,655  2,432,441        2,517,671  2,392,980 
88 TFW Participation Agreements and Indirect 4,113,678  4,113,678  3,887,848  3,887,848  3,887,848  3,887,848  3,736,500  3,736,500  3,736,500  3,736,500  3,736,500  3,736,500        3,736,500  3,736,500 
89 Balance at the end of each fiscal year 0  (0) (1,887,806) (1,420,677) (222,110) 435,447  61,521  713,985  747,583  1,503,300  1,504,199  1,869,412        1,784,182  1,908,873 
90 Cumulative Balance at end of Biennium 0  (3,308,483) 213,337  775,506  2,250,882  3,373,611        3,693,056 
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2015 SPECIES OF GREATEST CONSERVATION NEED (SGCN)          OCTOBER 2018 
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  MAMMALS (44)           


6 American Badger Taxidea taxus   G5 S4 


6 American Pika Ochotona princeps     G5 S5 


6 Bighorn Sheep Ovis canadensis   SC G4 S2S3 


6 Black-tailed Jackrabbit Lepus californicus C   G5 S2S3 


6 Blue Whale Balaenoptera musculus E E G3G4 SNA 


6 Brush Prairie Pocket Gopher Thomomys talpoides douglasii   SC G5T1T2 S2 


6 Cascade Red Fox  Vulpes vulpes cascadensis C   G5T1T2 S1 


6 Columbian White-tailed Deer Odocoileus virginianus leucurus E T G5T2Q S1 


6 Destruction Island Shrew Sorex trowbridgii destructioni   SC G5T1Q S1 


6 Fin Whale Balaenoptera physalus E E G3G4 SNA 


6 Fisher Pekania pennanti pacifica E SC G5T2T3Q S1 


6 Gray Whale Eschrichtius robustus S E*  G4 S2N 


6 Gray Wolf Canis lupus E E G5 S1 


6 Gray-tailed Vole Microtus canicaudus    G4 S2 


6 Grizzly Bear Ursus arctos E T G4T3T4 S1 


6 Hoary Bat Lasiurus cinereus    G3G4 S3S4 


6 Humpback Whale Megaptera novaeangliae E E/T G4 S2S3N 


6 Keen's Myotis Myotis keenii C   G3 S1? 


6 Killer Whale  Orcinus orca E E* G4G5T1 S1 


6 Kincaid's Meadow Vole Microtus pennsylvanicus kincaidi    G5T3 S2 


6 Lynx Lynx canadensis E T G5 S1 


6 Mazama Pocket Gopher Thomomys mazama  T T G4 S2 


6 Merriam's Shrew Sorex merriami    G5 S3S4 


6 Minke Whale Balaena acutorostrata     G5 SU 


6 North Pacific Right Whale Eubalaena japonica E E G1 SNA 


6 Northern Bog Lemming Synaptomys borealis    G5 S3 


6 Olympic Marmot Marmota olympus C   G2 S1S2 


6 Pacific Marten (Coastal population) Martes caurina pop. 3     G4G5T1 S1 


6 Preble's Shrew Sorex preblei  SC G4 S1 


6 Pygmy Rabbit Brachylagus idahoensis E E G4 S1 


6 Sea Otter Enhydra lutris kenyoni E SC G4T2T3 S2 


6 Sei Whale Balaenoptera borealis E E G3 SNA 


6 Shaw Island Townsend's Vole Microtus townsendii pugeti    G5T1T2 S1S2 


6 Silver-haired Bat Lasionycteris noctivagans     G3G4 S3S4 


6 Sperm Whale Physeter macrocephalus E E G3G4 SNA 


6 Spotted Bat Euderma maculatum    G4 S3 


6 Townsend's Big-eared Bat Corynorhinus townsendii  C  G4 S3 


6 Townsend's Ground Squirrel Urocitellus townsendii nancyae C SC G3 S3 


6 Washington Ground Squirrel Urocitellus washingtoni C SC G2 S2 
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6 Western Gray Squirrel  Sciurus griseus T  G5 S2 


6 Western Spotted Skunk Spilogale gracilis     G5 S4 


6 White-tailed Jackrabbit Lepus townsendii C   G5 S2S3 


6 Wolverine Gulo gulo C SC G4 S1 


6 Woodland Caribou Rangifer tarandus E E G5T5 S1 


  BIRDS (52)           


5 American White Pelican Pelecanus erythrorhynchos E   G4 S1S2B 


5 Bald Eagle Haliaeetus leucocephalus   G5 S4B,S4N 


5 Band-tailed Pigeon Columba fasciata     G4 S3S4B,S4N 


5 Barrow's Goldeneye Bucephala islandica     G5 S3B,S4N 


5 Black Scoter Melanitta nigra     G5 S3N 


5 Brant  Branta bernicla     G5 S3N 


5 Brown Pelican Pelecanus occidentalis  SC G4 S3N 


5 Burrowing Owl Athene cunicularia C  G4 S2B 


5 Cinnamon Teal Anas cyanoptera     G5 S5B 


5 Clark's Grebe Aechmophorus clarkii C   G5 S2B 


5 Common Loon Gavia immer S   G5 S2B,S4N 


5 Dusky Canada Goose Branta canadensis occidentalis     G5 SNRN  


5 Ferruginous Hawk Buteo regalis T  G4 S2B 


5 Flammulated Owl Otus flammeolus C   G4 S3B 


5 Golden Eagle Aquila chrysaetos C   G5 S3 


5 Great gray Owl Strix nebulosa    G5 S2B 


5 Greater Sage-grouse Centrocercus urophasianus T SC G3G4 S1 


5 Harlequin Duck Histrionicus histrionicus   SC G4 S2B,S3N 


5 Lewis' Woodpecker Melanerpes lewis    G4 S2S3 


5 Loggerhead Shrike Lanius ludovicianus C  G4 S3B 


5 Long-tailed Duck Clangula hyemalis     G5 S3S4N 


5 Marbled Godwit Limosa fedoa     G5 S3N 


5 Marbled Murrelet Brachyramphus marmoratus E T G3 S2 


5 Mountain Quail (Eastern WA only) Oreortyx pictus     G5 S1 


5 Northern Spotted Owl Strix occidentalis caurina E T G3G4T3 S1 


5 Oregon Vesper Sparrow Pooecetes gramineus affinis C  G5T3? S1B 


5 Peregrine Falcon Falco peregrinus   G4 S2B,S3N 


5 Purple Martin Progne subis    G5 S3B 


5 Pygmy Nuthatch Sitta pygmaea    G5 S3S4 


5 Red Knot Calidris canutus     G4 S3N 


5 Red-necked Grebe Podiceps grisegena    G5 S3B,S5N 


5 Rock Sandpiper Calidris ptilocnemis     G5 S3N 


5 Sage Thrasher Oreoscoptes montanus C   G4 S2B 


5 Sagebrush Sparrow Artemisiospiza nevadensis C   G5 S2B 


5 Sandhill Crane (greater) Grus canadensis tabida E   G5T4 S1B,S3N 


5 Sharp-tailed Grouse Tympanuchus phasianellus E  G5 S1S2 


5 Short-eared Owl (Western WA only) Asio flammeus     G5 S2S3B,S3N 


5 Short-tailed Albatross Phoebastria albatrus C E G1 SNA 
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5 Slender-billed White-breasted Nuthatch Sitta carolinensis aculeata C  G5TU S1 


5 Spruce Grouse Falcipennis canadensis     G5 S4 


5 Streaked Horned Lark Eremophila alpestris strigata E SC G5T2 S1B 


5 Surf Scoter Melanitta perspicillata     G5 S3N 


5 Tufted Puffin Fratercula cirrhata E  G5 S1B 


5 Upland Sandpiper Bartramia longicauda E   G5 SHB 


5 Western Bluebird (Western WA only) Sialia mexicana    G5 S3B 


5 Western Grebe Aechmophorus occidentalis C   G5 S3B,S3N 


5 Western Screech Owl Otus kennicottii macfarlanei     G5 S4 


5 Western Snowy Plover Charadrius nivosus E T G3 S1 


5 White-headed Woodpecker Picoides albolarvatus C   G4 S2S3 


5 White-tailed Ptarmigan Lagopus leucurus saxitilis     G5 S3 


5 White-winged Scoter Melanitta fusca     G5 S3N 


5 Yellow-billed Cuckoo Coccyzus americanus E T G5 SH 


  REPTILES (12)           


4 California Mountain Kingsnake Lampropeltis zonata C   G4G5 S2? 


4 Green Sea Turtle Chelonia mydas T T G3 SNA 


4 Leatherback Sea Turtle  Dermochelys coriacea E E G2 SNA 


4 Loggerhead Sea Turtle Caretta caretta E E G3 SNA 


4 Night Snake Hypsiglena chlorophaea    G5 S3 


4 Pygmy Horned Lizard Phrynosoma douglasii    G5 S3 


4 Ring-necked Snake Diadophis punctatus    G5 S3S4 


4 Sagebrush Lizard Sceloporus graciosus C  G5 S3 


4 Sharp-tailed Snake  Contia tenuis C  G5 S3 


4 Side-blotched Lizard  Uta stansburiana     G5 S3 


4 Striped Whipsnake Masticophis taeniatus C   G5 S1 


4 Western Pond Turtle Actinemys (Clemmys) marmorata E SC G3G4 S1 


  AMPHIBIANS (14)           


3 Cascade Torrent Salamander Rhyacotriton cascadae C   G3 S3 


3 Columbia Spotted Frog (Columbia basin) Rana luteiventris C   G4 S4 


3 Columbia Torrent Salamander Rhyacotriton kezeri  SC G3 S3 


3 Cope's Giant Salamander Dicamptodon copei    G3G4 S3S4 


3 Dunn's Salamander Plethodon dunni C   G4 S3 


3 Larch Mountain Salamander Plethodon larselli S  G3 S3 


3 Northern Leopard Frog Rana pipiens E SC G5 S1 


3 Olympic Torrent Salamander Rhyacotriton olympicus  SC G3 S3 


3 Oregon Spotted Frog Rana pretiosa E SC G2 S1 


3 Rocky Mountain Tailed Frog Ascaphus montanus C  G4 S2? 


3 Tiger Salamander Ambystoma tigrinum    G5 S3 


3 Van Dyke's Salamander Plethodon vandykei C  G3 S3 


3 Western Toad (W. Wash only)  Anaxyrus boreas C  G4 S3 


3 Woodhouse's Toad Bufo woodhousii    G5 S3 
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  FISHES (51)           


2 Bluntnose Sixgill Shark Hexanchus griseus     GNR SNR 


2 Bocaccio Rockfish (PS/Georgia Basin DPS) Sebastes paucispinis C E G4 SNR 


2 Broadnose Sevengill Shark Notorynchus cepedianus     GNR SNR 


2 Brown Rockfish Sebastes auriculatus C  GNR SNR 


2 Bull Trout - Coastal Recovery Unit   Salvelinus confluentus pop. 2 C T G4T2Q SNR 


2 Bull Trout - Mid-Columbia Recovery Unit   Salvelinus confluentus pop. 3 C T G4T2Q SNR 


2 Burbot Lota lota     G5 S3 


2 Canary Rockfish (PS/Georgia Basin DPS) Sebastes pinniger C  GNR SNR 


2 China Rockfish Sebastes nebulosus C   GNR SNR 


2 Columbia River Chum Salmon ESU Oncorhynchus keta pop. 3 C T G5T2Q S1 


2 Copper Rockfish Sebastes caurinus C   GNR SNR 


2 Eulachon (southern DPS) Thaleichthys pacificus C T G5 S4 


2 Green Sturgeon (southern DPS) Acipenser medirostris  


PS:T, 
SC G3 S2N 


2 Green-striped Rockfish Sebastes elongatus C   GNR SNR 


2 Hood Canal Summer Chum Salmon ESU Oncorhynchus keta pop. 2 C T G5T2Q S1 


2 Inland Redband Trout (landlocked pops) Oncorhynchus mykiss gairdneri     G5T4 S1S2 


2 Lake Chub Couesius plumbeus C   G5 S2S3 


2 Leopard Dace Rhinichthys falcatus C   G4 S2S3 


2 Lower Columbia Chinook Salmon ESU Oncorhynchus tshawytscha pop. 1 C T G5T2Q S1 


2 Lower Columbia Coho Salmon ESU Oncorhynchus kisutch pop. 1   T G4T2Q S1 


2 Lower Columbia Steelhead DPS Oncorhynchus mykiss pop. 14 C T G5T2Q S1S2 


2 Margined Sculpin Cottus marginatus S  G3 S1? 


2 Middle Columbia Steelhead DPS  Oncorhynchus mykiss pop. 17 C T G5T2Q S1S2 


2 Mountain Sucker Catostomus platyrhynchus C   G5 S2S3 


2 Olympic Mudminnow Novumbra hubbsi S   G3 S2S3 


2 Ozette Sockeye Salmon ESU Oncorhynchus nerka pop. 2 C T G5T2Q S1 


2 Pacific Cod  (Salish Sea population) Gadus macrocephalus C SC GNR SNR 


2 Pacific Hake (Georgia Basin DPS)  Merluccius productus C SC GNR SNR 


2 Pacific Herring (Georgia Basin DPS) Clupea pallasii C  GNR SNR 


2 Pacific Lamprey Entosphenus tridentatus  SC G4 S1 


2 Pacific Sand Lance Ammodytes hexapterus     G5 SNR 


2 Puget Sound Chinook Salmon ESU 
Oncorhynchus tshawytscha pop. 
15 C T G5T2Q SNR 


2 Puget Sound Steelhead DPS Oncorhynchus mykiss pop. 37   T G5T2Q SNR 


2 Pygmy Whitefish Prosopium coulteri S  G5 S1S2 


2 Quillback Rockfish Sebastes maliger C  GNR SNR 


2 Redstripe Rockfish Sebastes proriger C   GNR SNR 


2 River Lamprey Lampetra ayresii C  G4 S2 


2 Salish Sucker Catostomus sp. 4    G1 S1 


2 
Snake River spring/summer Chinook 
Salmon ESU Oncorhynchus tshawytscha pop. 8 C T G5T1Q S1B, S1M 


2 Snake River Basin Steelhead DPS Oncorhynchus mykiss pop. 13 C T G5T2T3Q S1B, S1M 


2 Snake River fall Chinook Salmon ESU Oncorhynchus tshawytscha pop. 2 C T G5T1Q S1B, S1M 
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2 Surf Smelt Hypomesus pretiosus     G5 SNR 


2 Tiger Rockfish Sebastes nigrocinctus C   GNR SNR 


2 Tui Chub Siphateles bicolor     G4 S2S3 


2 Umatilla Dace Rhinichthys umatilla C   G4 S2 


2 
Upper Columbia River spring Chinook 
Salmon ESU 


Oncorhynchus tshawytscha pop. 
12 C E G5T1Q S1 


2 Upper Columbia Steelhead DPS Oncorhynchus mykiss pop. 12 C T G5T2Q S1B 


2 Walleye Pollock (S. Puget Sound) Gadus chalcogrammus C - GNR SNR 


2 Westslope Cutthroat Oncorhynchus clarkii lewisi   SC G4T4 S2S3 


2 White Sturgeon (Columbia River) Acipenser transmontanus pop.2     G4T3T4 S3B,S4N 


2 Yelloweye Rockfish (PS/Georgia Basin DPS) Sebastes ruberrimus C T GNR SNR 


  INVERTEBRATES (95)           


1 A caddisfly Allomyia acanthis     G2G3 SNR 


1 A caddisfly Goereilla baumanni     G2 SNR 


1 A caddisfly Limnephilus flavastellus     G2 SNR 


1 A caddisfly Psychoglypha browni     G2G4 SNR 


1 A caddisfly Rhyacophila pichaca     G2G3 SNR 


1 A caddisfly Rhyacophila vetina     G2 SNR 


1 A mayfly Cinygmula gartrelli     G2G3 SNR 


1 A mayfly Paraleptophlebia falcula     G1G2 SNR 


1 A mayfly Paraleptophlebia jenseni     G2G4 SNR 


1 A mayfly Siphlonurus autumnalis     G2G4 SNR 


1 A Noctuid moth Copablepharon columbia      GNR SNR 


1 A Noctuid moth Copablepharon mutans     GNR SNR 


1 A Noctuid moth 
Copablepharon viridisparsa 
hopfingeri     GNR SNR 


1 Ashy Pebblesnail Fluminicola fuscus C  G2 S2 


1 Barren Juga  Juga hemphilli hemphilli     G2T1 S1 


1 Beller's Ground Beetle Agonum belleri C  G3 S3 


1 Bluegray Taildropper  Prophysaon coeruleum C   G3G4 S1 


1 Brown Juga Juga sp. 3     G1 S1 


1 California Floater  Anodonta californiensis C  G3Q S2 


1 Cascades Needlefly Megaleuctra kincaidi     G2 SU 


1 Chelan Mountainsnail Oreohelix sp. 1     G2 S2 


1 Chinquapin Hairstreak  Habrodais grunus herri C   G4G5T2T3 S1 


1 Columbia Clubtail  Gomphurus lynnae C  G2 S1 


1 Columbia Oregonian Cryptomastix hendersoni C   G1G2 S1S2 


1 Columbia River Tiger Beetle Cicindela columbica C   G2 SH 


1 Crowned Tightcoil  Pristiloma pilsbryi    G1 S1 


1 Dalles Hesperian Vespericola depressa     G2Q S1 


1 Dalles Juga Juga hemphilli dallesensis     G2T1 S1 


1 Dalles Sideband Monadenia fidelis minor C   G4G5T2 S1 


1 Dry Land Forestsnail Allogona ptychophora solida     G5T2T3 S1S2 


1 Giant Palouse Earthworm Driloleirus americanus C   G1 S2 


1 Great Arctic  Oeneis nevadensis gigas C   G5TU SH 
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1 Hatch's Click Beetle Eanus hatchi C  G1 S1 


1 Hoary Elfin   
Callophrys polios Puget Trough 
segregate     G5T2T3 S2S3 


1 Hoder's Mountainsnail Oreohelix n. spp.      GNR SNR 


1 Hoko Vertigo  Vertigo sp. 1 (Nearctula new spp.)      G1 S1 


1 Idaho Vertigo Vertigo idahoensis     G1G2 SNR 


1 Island Marble Euchloe ausonides insulanus C SC G5T1 S1 


1 Johnson's Hairstreak  Callophrys johnsoni C   G3G4 S2S3 


1 Juniper Hairstreak 
Callophrys gryneus Columbia Basin 
segregate  C   G5T4 S2? 


1 Leschi's Millipede Leschius mcallisteri C   GNR SNR 


1 Limestone Point Mountainsnail 
Oreohelix sp. 18 (O. idahoensis 
baileyi)     G1 SH 


1 Mad River Mountainsnail Oreohelix n. spp.      GNR SNR 


1 Makah Copper Lycaena mariposa charlottensis C  G5T5 S2 


1 Mann's Mollusk-eating Ground Beetle Scaphinotus mannii C   G1G2 SNR 


1 Mardon Skipper Polites mardon  E SC G2G3T2T3 S1 


1 Masked Duskysnail Lyogyrus sp. 2     G1G2 S1 


1 Meadow Fritillary Boloria bellona toddi    G5 S2? 


1 Mission Creek Oregonian  Cryptomastix magnidentata     G1 SNR 


1 Monarch Danaus plexippus     G4 S4 


1 Morrison's Bumblebee Bombus morrisoni     G4G5 S4? 


1 Nimapuna Tigersnail Anguispira nimapuna      G1 SNR 


1 No name  Cryptomastix mullani hemphill      GNR SNR 


1 Northern (Pinto) Abalone Haliotis kamtschatkana C SC G3G4 SNR 


1 Northern Forestfly Lednia borealis   SC G1G2 SNR 


1 Olympia Oyster Ostrea conchaphila  C   G5 SNR 


1 Olympia Pebblesnail Fluminicola virens     G2 S2? 


1 One-band Juga Juga sp. 8     G2G3 SNR 


1 Oregon Branded Skipper  
Hesperia colorado Salish Sea 
segregate    G5T2 S2 


1 Oregon Megomphix Megomphix hemphilli    G3 S1 


1 Oregon Silverspot  Speyeria zerene hippolyta E T G5T1 SX 


1 Pacific Clubtail  Phanogomphus kurilis C   G4 S1 


1 Pacific Needlefly Megaleuctra complicata     G3 SU 


1 Pacific Vertigo Vertigo andrusiana     G2G3 S1? 


1 Poplar Oregonian  Cryptomastix populi C   G2 S1S2 


1 Propertius Duskywing Erynnis propertius    G5 S3 


1 Puget Blue  Icaricia icarioides blackmorei C   G5T3 S2 


1 Puget Oregonian  Cryptomastix devia     G3 S2S3 


1 Puget Sound Fritillary  Speyeria cybele pugetensis    G5TU S3? 


1 Rainier Roachfly Soliperla fenderi   SC G2 S1S2 


1 Ranne's Mountainsnail Oreohelix n. sp.      GNR SNR 


1 Salmon River Pebblesnail Fluminicola gustafsoni     GNR SNR 


1 Sand-verbena Moth Copablepharon fuscum C   G1G2 S1 


1 Sasquatch Snowfly Bolshecapnia sasquatchi     G2 SNR 
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1 Shortface Lanx Fisherola nuttalli C   G2 S2 


1 Silver-bordered Fritillary  Boloria selene atrocostalis C   G5T4Q S3? 


1 Siuslaw Sand Tiger Beetle Cicindela hirticollis siuslawensis    G5T1T2 S1 


1 Sonora Skipper  Polites sonora siris    G4T3 S2S3 


1 Spotted Taildropper Prophysaon vanattae pardalis     GNR SNR 


1 Straits Acmon Blue Icaricia acmon ssp.      GNR SNR 


1 Subarctic Bluet  Coenagrion interrogatum     G5 S1 


1 Suckley Cuckoo Bumblebee Bombus suckleyi     G1G3 S1? 


1 Talol Springfly Pictetiella lechleitneri     G1G3 SNR 


1 Taylor's Checkerspot  Euphydryas editha taylori E PE G5T1 S1 


1 Three-band Juga Juga sp. 7     G1 S1 


1 Valley Silverspot  Speyeria zerene bremnerii C  G5T3T4 S2S3 


1 Washington Duskysnail Amnicola sp. 2     G1 S1 


1 Wenatchee Forestfly Malenka wenatchee     G2 SU 


1 Western Bumblebee Bombus occidentalis     G4 S2S3 


1 Western Pearlshell  Margaritifera falcata    G5 S3S4 


1 Western Ridged Mussel Gonidea angulata    G3 S2S3 


1 White-belted Ringtail  Erpetogomphus compositus     G5 S1 


1 Winged Floater  Anodonta nuttalliana    G4Q S1 


1 Yosemite Springfly  Megarcys yosemite     G2 SNR 


1 Yuma Skipper  Ochlodes yuma C   G5 S1 
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1. Introduction 


The following report describes a study conducted by the Washington Department of Fish and Wildlife 
(WDFW or the Department) from 2014 to 2016.  The study represents the Department’s initial attempt 
to explore climate-related changes to stream channel morphology with the intent of determining how 
climate change could be incorporated into the design of water crossing structures. The Department 
received a grant from the North Pacific Landscape Conservation Cooperative (NPLCC) that provided 
essential support for this work. This report fulfills a required deliverable of that grant.  
 


Using this Report 
Please note that this report is presented as informational only.  It is intended to provide information 
that managers or engineers might consider when designing new or replacement water crossing 
structures. Use of this report and the information it provides is voluntary.   
 
Section 1 explains the importance of properly designed water crossing structures for fish movement, the 
basics of geomorphic culvert design, basics of channel hydraulic geometry, the projected impacts of 
future climate change on stream hydrology and channel morphology in Washington, and the 
motivations for this project.  Section 2 describes our methods for translating climate projections to the 
key geomorphological parameter used in culvert design and permitting, and Section 3 presents the 
results and findings from our work.  Section 4 explains how the information we have produced can be 
used for culvert design.  Section 5 is a discussion of our results and the challenges of incorporating our 
projections into culvert design.  Finally, Section 6 describes additional work needed to better address 
the information needs of policy makers, managers, and engineers. 
 


The Importance of Water Crossing Structures  
Washington State regulations require that water crossing structures (i.e., culverts and bridges) “allow 
fish to move freely through them at all flows when fish are expected to move” (WAC 220-660-190). 
Furthermore, Washington State law (RCW 77.57) grants WDFW authority to regulate the construction of 
water crossing structures along with other activities that use, obstruct, divert, or change the natural 
flow or bed of state waters. The Department issues approximately 400 permits per year related to water 
crossings throughout the state (WDFW 2006). In addition, the Department designs or co-designs water 
crossing structures throughout the state and provides technical guidance (Barnard et al. 2013) that 
explains how to design water crossing structures that will comply with current regulations. 
 
Road crossings at rivers or streams are widely known to create barriers to fish movement when they are 
improperly designed or constructed (Price et al. 2010, Chelgren and Dunham 2015). Improperly 
designed or constructed culverts can become barriers for various reasons, including sediment 
aggradation at a culvert’s inlet, stream bed scour at a culvert’s outlet, and high flow velocity in the 
culvert . The consequences to fish populations associated with barriers at road crossings include the loss 
of habitat for various life history stages (Beechie et al. 2006, Sheer and Steel 2006), genetic isolation 
(Reiman and Dunham 2000, Wofford et al. 2005, Neville et al. 2009), inaccessibility to refuge habitats 
during disturbance events or warm water episodes (Lamberti et al. 1991, Reeves et al. 1995, Dunham et 
al. 1997), and local extirpation (Winston et al. 1991, Kruse et al. 2001).   
 
The importance of restoring fish passage at water crossings in Washington has been highlighted with 
Washington’s Salmon Recovery Act of 1998, the Forests and Fish Report (DNR 1999), and United States 
v. Washington (2013), which is also known as the “Culvert Case.”  All regional recovery plans for salmon 
(Oncorhynchus spp.) in Washington State emphasize the importance of restoring fish passage at stream 
crossings for recovering federally-listed threatened salmon populations. Likewise, under the Forests and 
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Fish rules (WAC 222-24-051), large forest landowners are required to repair or replace all fish passage 
barriers before November 2016.  Between 1999 and 2008, forest landowners replaced 3,500 fish 
passage barrier culverts with fish-passable structures, reportedly opening nearly 3,700 miles of fish 
habitat in Washington streams (Governor’s Salmon Recovery Office 2008).  In the Culvert Case, 
Washington State government was ordered by a federal court to replace state-owned roadway culverts 
located on the Olympic Peninsula, in the Puget Sound Basin, or in the Chehalis River Basin that block 
salmon habitat (United States v. Washington 2013). About 1000 culverts are estimated to fit that 
description, and their replacement with culverts that pass fish is estimated to cost about $2.45 billion 
(Lovaas 2013). 
 
Recent studies describe the magnitude of the challenge presented by culverts both in terms of the sheer 
number of structures across the landscape and in the proportion of those culverts that may be barriers 
to fish passage.  The U.S. Forest Service and Bureau of Land Management reported that over half of the 
estimated 10,215 culverts that exist on fish-bearing streams in federal lands of Washington and Oregon 
may be fish passage barriers (GAO 2001). The Washington State Department of Transportation (WSDOT) 
is responsible for about 3,000 culverts on fish-bearing streams, of which approximately 60% are 
complete or partial barriers (WDFW 2009). In 2015, WDFW estimated that there may be as many as 
35,000 culverts blocking or impeding fish passage statewide (D. Price, WDFW, personal communication).  
The goal of WDFW, WSDOT, other state agencies, and tribes is to restore access to existing freshwater 
habitat by replacing all impassable culverts.  Hence, over the coming decades thousands of culverts 
must be replaced.  The cost to replace 35,000 culverts could be as much as $60 to $86 billion. 
 


Culvert Design 
WDFW has published water crossing design guidelines (i.e., Barnard et al. 2013) that are used by state 
and local governments throughout the United States (NAACC 2016, USACE 2016).  WDFW, nationally 
recognized as the inventor of the stream simulation culvert design (Cenderelli et al. 2011), believes that 
a geomorphic approach to culvert design is the best way to enable upstream and downstream 
movements of fish and other stream-associated species through culverts (Barnard et al 2013). A 
geomorphic culvert design seeks to maintain continuity of channel structure and composition by 
conveying water, sediment, and wood in the same way as the surrounding stream reach (Barnard et al 
2013, Cenderelli et al. 2011).  In contrast, the once prevalent hydraulic culvert design viewed culverts as 
simply pipes for conveying water, and fish passage was accommodated by limiting flow velocities within 
the pipe.  Culverts based on a geomorphic design: i) are large enough to accommodate regular flood 
flows, ii) contain  deformable channel beds with a shape and sediments resembling  the up- and 
downstream channel, and iii) have channel beds similar in slope to the longitudinal profile of the 
channel reach.  


The Department currently endorses two types of culvert design: no-slope and stream simulation (Figure 
1).  The no-slope culvert is intended to be installed at 0% slope in small, low gradient streams (< 10 ft 
bankfull width, < 3% slope).  No-slope culverts are countersunk1 to a minimum depth of 20% of the 
culvert height and the width of the no-slope culvert at the streambed elevation is at least bankfull 
width.  Stream simulation culverts are intended for higher gradients and streams up to 15 ft bankfull 
width, and are sized to be 1.2 × bankfull width + 2 ft wide at the streambed and countersunk 30 to 50%.  
Stream simulation design is based on the assumption that if fish can migrate through the natural 
channel, then fish should also be able to migrate through an artificial channel that closely simulates the 
composition, structure, and fluvial processes of the natural channel. No-slope design is a less expensive 


                                                           
1 A countersunk culvert is installed with its bottom (i.e., invert) located below the existing channel elevation and 
then filled with streambed material.  







3 
 


option that is appropriate only for lower energy stream reaches.  For streams with bankfull width wider 
than 15 ft, WDFW recommends a bridge (Barnard et al. 2013). 
 
A geomorphic approach to culvert design is based on readily-measured traits of the natural channel: 
width, slope, floodplain utilization, and sediment sizes.  Bankfull width is by far the most important 
parameter (Barnard et al. 2013, p. 13).  Bankfull width is measured perpendicular to the channel 
thalweg2 at the elevation of the bankfull flow, that is, the elevation where water just begins to leave the 
channel and overtop its banks.  Bankfull width is associated with bankfull flow, which is the discharge 
that transports the majority of suspended and bedload sediment in many rivers and typically recurs 
every 1 to 2 years (Simon et al. 2004).  Bankfull flow has been interpreted as the most important flow 
magnitude for controlling channel form (Wolman and Miller 1960, Dunne and Leopold 1978).  By 
measuring the channel width, one takes a measure of the watershed − its area, mean annual rainfall, 
vegetation, and parent geology (Barnard et al. 2013, p.9).   
 
Culverts wider than bankfull width, such as stream simulation culverts, should accommodate typical 
loads of sediment and woody material during most peak flow events (Gillespie et al. 2014).  WDFW 
recommends the construction of a “design channel” i.e., a channel created within a culvert with a width, 
depth, gradient, and sediment sizes similar to those of the adjacent up- and downstream channels.  A 
design channel should maintain geomorphic and hydrologic continuity for unimpeded movement of fish 
and other aquatic organisms (Gillespie et al. 2014). This continuity is important not just for flood flows, 
but also for low flows. If a culvert is constructed with a low-flow channel, or thalweg, that has gradient 
and sediment sizes similar to the channel outside of the pipe, then continuity should persist through the 
culvert for all seasons of the year. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  The width of no-slope and stream simulation culverts compared to bankfull width.  Bankfull width is 
the key parameter in culvert design (Barnard et al. 2013). 


 
The 100-year flood discharge can also be an important parameter for culvert design.  WDFW’s water 
crossing design guidelines (Barnard et al 2013) state: 


                                                           
2 Thalweg is the lowest point along the length of a stream bed. It is usually the deepest part of the channel with the 
fastest water velocity.  
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“The standard of practice for culvert design dictates that the structure remains safe and 
serviceable up to a given design flood.  WAC 220-110-070(3)(d) requires that the culvert must 
maintain structural integrity to the 100-year peak flow with consideration of debris likely to be 
encountered.  Generally, sizing culverts using the no-slope method provides adequate 
conveyance for the 100-year peak flow. This does not absolve the designer of responsibility to 
determine that this is actually true.”3 


 
The stream simulation culvert design is also assumed to provide adequate conveyance for the 100-year 
peak flow, and therefore, potential impacts of 100-year flood events are typically not an important 
design consideration.  However, if a culvert is in a narrowly confined channel, likely to transport large 
woody debris, or downstream of high run-off areas (e.g., urban areas), then the designer should assess 
the potential impacts of 100-year flood events.  
 


Hydraulic Geometry  
The conceptual basis for using bankfull width measurements in culvert design is rooted in relationships 
between stream discharge and channel form. The widely used concept of downstream hydraulic 
geometry (DHG) asserts that as stream discharge increases in the downstream direction, channel width 
and depth increase to accommodate the larger discharge (Leopold and Maddock 1953). These 
relationships are predicated on the mass continuity equation for stream flow: 
 


    Q = w • d • v       (1) 
 
where w is channel width, d  is mean channel depth, v  is flow velocity, and Q is discharge.  Leopold and 
Maddock (1953) proposed that:  


    w = aQb       (2) 


    d = cQf        (3) 


    v = kQm       (4) 


 
where a, c, k, b, f, and m are parameters derived from empirical data. Based on the continuity equation, 
the product of a, c, and k is one, and the sum of b, f, and m is one.  Changes in w, d, and v at a cross 
section reflect  a channel’s shape, slope, erodibility,  roughness of the wetted perimeter, and sediment 
transport from upstream sources.  The implication is that a channel adjusts its width, depth, and velocity 
to achieve an approximate equilibrium between its cross-sectional shape and the water and sediment it 
must transport (Singh 2003).  The complexities of hydraulic geometry at one cross section limit 
generalizations, however, the width exponent primarily reflects the channel geometry and boundary 
composition. The depth and velocity exponents reflect the cross-sectional shape in addition to hydraulic 
resistance and sediment transport, which tend to be more variable than channel form parameters 
(Knighton 1998). Downstream hydraulic relationships connect the spatial variations in average channel 
geometry to the bankfull discharge.   
 
The hydraulic geometry equation relating flow velocity to bankfull discharge does not explicitly describe 
a particular aspect of the channel geometry, but is necessary to satisfy the continuity equation when 
using this empirical approach (Eaton 2013). It should be noted that conventional downstream hydraulic 


                                                           
3 As of November 2014, WAC 220-110-070(3)(d) no longer exists, and maintaining structural integrity of culverts 
during 100-flood flows is no longer a requirement under law. However, the prudent engineer checks to see 
whether there is adequate clearance for the 100-year flood flow. 
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geometry obscures a key element of channel form – slope; however, slope is accounted for separately in 
culvert design.   
 
For purposes of culvert design, we focus on channel width.  Castro and Jackson (2001) found  strong 
relationship between bankfull discharge and both channel width and depth in the Pacific Northwest (r2 = 
0.81 and 0.76, respectively). However, channel depth is strongly linked to upstream sediment supply, 
and therefore, uncertainty regarding  future changes in upstream sediment supply precludes using the 
DHG depth relationship (equation 3) for predicting  future channel depth adjustments due to climate 
change.  The exponent b is almost always greater than f, because channels become wider more rapidly 
than they become deeper as bankfull discharge increases (Wohl 2014). Channel widening requires only 
bank erosion, and the resulting sediment may be stored in the channel. Channel deepening occurs 
through bed erosion, and bed erosion requires the bed sediment – which is often coarser than bank 
sediment – to both entrain (be lifted) and move downstream.  
 
Channel w/d ratios can reflect base level constraints (e.g., substrate), as well as changes or relative 
consistency in sediment inputs. As banks become more erodible, the ratio of channel width to mean 
flow depth (w/d) increases. In channels with bedrock, cohesive sediment on the banks, or effective bank 
stabilization from vegetation, the w/d ratios are lower. Forested channels tend to be wider than 
channels with grassy banks, however, to what degree varies  (Allmendinger et al. 2005). An increase in 
sediment yield is likely to cause bed aggradation and channel widening, leading to a larger w/d ratio. A 
decrease in sediment yield can cause bed erosion, but is also likely to result in bank erosion, leading to 
less predictable changes in w/d ratio (Wohl 2014).  
 
The current no-slope culvert design that requires at least 20% countersink can accomodate small 
increases in channel depth, and stream simulation culverts (countersunk 30 to 50%) can accommodate 
somewhat larger increases in channel depth.  Uncertainty regarding future sediment dynamics and 
deepening of channels could be accomodated by deeper countersinking.   
 


Climate Change Impacts on Stream Hydrology and Channel Morphology 
Over the course of the 21st century, climate change is projected to cause major changes in hydrology 
across Washington. Scientists have already detected negative trends in glacier volume and snowpack 
(Granshaw and Fountain 2006, Sitts et al. 2010, Stoelinga et al. 2010) and in earlier peak streamflow in 
many rivers (Stewart et al. 2005). These trends are expected to continue in the future, along with 
increasing flood magnitudes, declining summer minimum flows, and rising stream temperatures (Elsner 
et al. 2010, Mantua et al. 2010). 
 
In the Pacific Northwest, two factors interact to cause increases in flood magnitudes: decreasing 
precipitation stored as snowpack and intensifying heavy rain events. Declining winter snow 
accumulation contributes to increased winter flood magnitudes via both an increase in the proportion of 
precipitation that falls as rain and a larger effective basin area as the snowline rises. A further driver of 
increasing flood magnitudes is the projected intensification of extreme precipitation events (Salathè et 
al. 2014, Warner et al 2015).  Although seasonal and annual total precipitation is not projected to 
change substantially, climate models consistently project a substantial increase in the intensity of heavy 
rain events. Specifically, the heaviest 24-hour rain events in the Pacific Northwest (so-called 
“Atmospheric River” events, Neiman et al. 2011) will intensify by +22%, on average, by the 2080s (i.e., 
2070-2099 relative to 1970-1999) (Mauger et al. 2015, Warner et al 2015).  
 
In Washington State, projected changes in future annual total precipitation are generally small 
compared to year-to-year fluctuations in seasonal and annual rainfall.  Nonetheless, hydrological 
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projections for the mid to late 21st century show a shift in flood frequencies that results in larger peak 
flows at all recurrence intervals4, e.g., 2-year, 5-year, 10 year, etc. (Salathè et al. 2014).  Furthermore, 
peak streamflow is projected to occur 4 to 9 weeks earlier by the 2080s (i.e., 2070-2099 relative to 1970-
1999) in four central Puget Sound watersheds (Sultan, Cedar, Green, Tolt) and in the Yakima basin 
(Elsner et al. 2010).  Changes are projected to be most pronounced in middle elevation basins, where a 
substantial proportion of the basin is located near the snowline (i.e., the “mixed rain and snow” zone). 
In these watersheds, warming will cause more precipitation to fall as rain instead of snow, which will 
decrease snow accumulation, hasten melt, and increase runoff (Hamlet et al. 2007).   
 
Changes in stream flow are expected to alter sediment transport and channel morphology, however, 
published research analyzing the potential impact of future climate change on fluvial processes is 
limited. Researchers have conducted case studies on historical sediment and climate data records to 
infer future changes to erosion and deposition in rivers (Magilligan et al. 1998, Gomez et al. 2009); 
however, this approach has limitations because future climate may change stream hydrology in 
unprecedented ways.  
 
Modelling results from Coultard et al. (2012) for a rain-dominated river basin in the United Kingdom 
project a 100% increase in mean sediment yield between their baseline 30-year period and a future 30-
year period (2070-2099) under a high emissions scenario. In addition, they found that the sediment 
increase was amplified relative to changes in stream discharge.  Lane et al. (2007) also project increased 
sediment yields relative to discharge increases in upland rivers in the United Kingdom. 
 
Praskievicz (2015) modeled the effects of future climate on geomorphic responses in three snow-
dominated river basins of Idaho and eastern Washington. The results from the first site on the Tucannon 
River indicate that net sediment deposition is likely to occur, with increasing mid-channel bars. The 
second study site on the Coeur d’Alene River undergoes net erosion, and results for the third site project 
minimal changes on the Red River. These varying results indicate that the impacts of climate on 
sediment movement also depend on local context, i.e., how reach traits, such as substrate or riparian 
vegetation affect a stream channel’s morphological stability or lateral mobility.  Modelling by Lee et al 
(2016) for the upper Skagit River Basin project average annual sediment loading to increase from 2.3 to 
5.8 teragrams (+ 149%) per year by the 2080s, and peak winter sediment loading to increase by 335% by 
the 2080s, in response to increasing winter flows. 
 
If the projected increases in future sediment yield occur in Washington, then sediment aggradation 
could create wider and shallower channels that require wider culverts to accommodate depositional 
features like point bars and taller culverts to accommodate increased flood water surface elevations. 
Culverts that create constrictions due to sediment and debris accumulation may cause further bed 
aggradation upstream and/or constrict flood waters, such that sediment scouring creates plunge pools 
that form barriers to fish. While changes in stream sediment dynamics are outside the scope of this 
study, results from these various studies suggest a need to consider designing culverts from a 
geomorphic perspective that can accommodate changing sediment dynamics caused by climate change.  
 
Many factors across a wide range of spatial scales affect the geomorphic response of river systems to 
climate change (Praskievicz 2015). Some of these factors include basin-scale geology and land-use, 
riparian or hillslope vegetation, sediment supply from hillslopes, channel form, and natural and 
anthropogenic disturbances. Consequently, models for predicting future climate change impacts on 


                                                           
4 Flood recurrence interval (or return period) is the average time in years between flood events equal to or 
greater than a specified magnitude.  A 50-year flood, for example, is one which will, on the average, be equaled or 
exceeded once in any 50-year period.  It is usually estimated from long-term historical records of stream flow.   
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stream geomophology have high levels of parameter and structural uncertainty at multiple stages of 
analysis. The nonlinear nature and variability of these complex systems indicates the need for 
probabilistic approaches using multiple climate models and simulations (Coulthard 2012).  
 


Addressing Climate Change Impacts to Fish Passage 
Scientists have directed considerable attention to the effects of climate change on fish and freshwater 
habitats (e.g., Battin et al. 2007, Ficke et al. 2008, Schindler et al. 2008, Mantua et al. 2010), however, 
little work has been done to assess the impacts of climate change on fish passage through culverts (but 
see Reagan 2015). The expected service life of culverts is roughly 50 to 100 years (NCHRP 2015), and 
WSDOT (2015) requires an expected minimum service life of 50 years for all culverts.  Therefore, 
culverts designed and constructed today will be subjected to whatever conditions occur decades from 
now.     
 
WDFW conducted this project to provide new information to the people who design and install culverts.  
We seek to determine to what degree projected future hydrology will alter future channel morphology, 
and provide guidance for deciding where these changes may warrant increasing the width of new water 
crossing structures (Figure 2).  The project does not explicitly address all climate-related changes to 
channel morphology that may impact fish passage at water crossing structures, such as changes in 
wildfire intensity or landslide frequency. At present, these types of climate-related phenomena are too 
difficult to predict.   
 
Our work addressed two analytical challenges: 1) translating future climate projections generated by 
global climate change models to information that can be directly applied to the design of water crossing 
structures in the Washington State, and 2) presenting our quantitative results in a way that usefully 
conveys uncertainty and risk to decision makers and various stakeholders. 
 


 


 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 2.  A conceptual model of important causal relationships between culverts and climate change.  
Climate change is projected to increase the proportion of precipitation that falls as rain rather than as 
snow.  As a result, winter peak flows in western Washington are expected to increase in volume.  
Increased peaks flows are known to alter channel morphology.  Wider channels require wider culverts.    
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2. Methods − Projecting Future Bankfull Flows and Bankfull Widths 


Our analysis was comprised of four major steps (Figure 3).  The first two steps, conducted by our partner 
the Climate Impacts Group (CIG) at the University of Washington, were 1) producing downscaled 
projections of future temperature and precipitation from 10 global climate models (GCMs), and 2) 
producing mean daily flows for thousands of uniformly distributed grid cells throughout the Pacific 
Northwest with a hydrological model that uses spatially-explicit climate projections as inputs.  The next 
two steps, which WDFW conducted, were 3) estimating bankfull flows from the mean daily flows for 
thousands of grid cells in Washington State, and 4) estimating bankfull widths from the bankfull flows.  
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
Figure 3.  Major steps in the modelling process.  The Climate Impacts Group at the University of Washington 
(UW) completed their steps in the process through a separate project that was completed circa 2010.  


 
 


Global Climate Models 
When CIG began their Pacific Northwest Hydroclimate Scenarios Project5, global projections from about 
20 GCMs were available in an archive created by the World Climate Research Programme (WCRP Meehl 
et al. 2007). Multi-model ensembles are considered the best way to estimate uncertainty in projections 
of future climate (IPCC 2010). Hence, In order to ensure that a range of modeling approaches and 
climate sensitivities were covered, CIG selected 10 GCMs based on a ranking of each model’s 
representation of the Pacific Northwest region (Salathé et al. 2010, Table 1). These 10 models were 
selected because they most reliably simulate 20th century climate for the Pacific Northwest, in having 
the smallest bias in annual temperature and precipitation when compared to observations (Mote and 
Salathè 2010, Hamlet et al. 2013, Tohver et al. 2014). CIG used climate projections6 from the 10 GCMs 


                                                           
5 Primary funding for that project was provided by the Washington State Department of Ecology via Washington 
State House Bill 2860 in 2006.  
6 Because climate models predict what would happen if a particular emissions scenario were to be realized, the 
results of climate model simulations are often referred to as projections of future climate (Parker 2010). That is, 
projections are predictions conditional upon the emissions scenario. Greenhouse gas emissions scenarios are not 
simply uncertain, but are fundamentally indeterminate because they depend on future policy choices and behavior 
(Stephens et al. 2012).  
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under the A1B greenhouse gas scenario, a moderate scenario that assumes “business as usual” 
emissions through the first half of the 21st century followed by substantial mitigation measures after 
2050 (Nakicenovic et al. 2000, Figure 4). Climate projections were generated for two future 30-year time 
periods, intended to be representative of the statistics of the middle decade of each time period: 2030-
2059 (referred to as the “2040s”) and 2070-2099 (“2080s”).  
 
GCMs are generally run at a spatial resolution of 100 to 300 km (Randall et al. 2007).  CIG downscaled 
the projections from each of the 10 GCMs to 1/16-degree latitude x 1/16-degree longitude grid cells (≈ 5 
x 7 km or ≈33 km2/cell), which divides Washington State into 5,270 grid cells. Downscaling requires a 
reference historical dataset. An observationally-based historical data set for daily precipitation, 
maximum and minimum daily temperature, and wind speed was developed at 1/16-degree spatial 
resolution for the years 1915 to 2006. CIG used the National Climatic Data Center Cooperative Observer 
network and Environment Canada daily station data as the primary sources for precipitation and 
temperature values (Elsner et al. 2010). Daily wind speed values for 1949–2006 were downscaled from 
National Centers for Environmental Prediction-National Center for Atmospheric Research reanalysis 
products (Kalanay et al. 1996). For years prior to 1949, a daily wind speed climatology was derived from 
the same 1949–2006 reanalysis. 
 
Downscaling was done with the hybrid delta method (Salathè et al 2007, Hamlet et al. 2010), which CIG 
developed specifically for the Pacific Northwest Hydroclimate Scenarios Project.  It is designed to 
combine the most robust aspects of GCM projections (specifically, changes in the monthly probability 
distribution of temperature and precipitation) with the observed features of regional daily weather 
patterns (Hamlet et al. 2013).  Global model projections are first bias-corrected to match historical 
observations; this is applied at the original coarse spatial resolution of each GCM. The bias-corrected 
GCM projections are then spatially interpolated to the 1/16-degree resolution.  The monthly 
downscaling is completed by applying the model-projected change in the probability distributions of 
temperature and precipitation to each month in the historical record (1915-2006).  Finally, this monthly 
time series is disaggregated to the daily time series needed for extremes analyses by applying each 
GCM's projected monthly change to the observed daily values separately for each grid cell (Tohver et al. 
2014).  
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Table 1.  Ten global climate models used by Climate Impacts Group in projecting stream flows in the Pacific 
Northwest. 


Model 
Name Organization Country 


ccsm3 
National Center for Atmospheric Research USA 


pcm1 


cgcm3.1_t47 Canadian Centre for Climate Modelling and Analysis Canada 


cnrm_cm3 
Météo-France/Centre National de Recherches 
Météorologiques 


France 


echam5 Max Planck Institute for Meteorology Germany 


echo_g 
Meteorological Institute of the University of Bonn, 
Korea Meteorological Administration 


Germany, 
Korea 


hadcm 
Hadley Centre for Climate Prediction and Research 


United 
Kingdom hadgem1 


ipsl_cm4 Institut Pierre Simon Laplace France 


miroc_3.2 Center for Climate System Research, University of Tokyo Japan 


 
 
A key feature of this approach, of particular relevance to extreme flow event analyses, is that this 
downscaling method preserves the spatial extent and temporal frequency of storms in the historical 
record, while adjusting the probability distribution of individual events to match the GCM projections.  
The hybrid delta method applies a quantile mapping technique, which perturbs the monthly cumulative 
distribution function of the observations at each grid cell in response to the GCM-projected change in 
the same monthly quantiles. The resulting downscaled time series is bias-corrected to maintain the 
historical location, spatial extent, and duration of a storm or dry spell, whereas the intensity of these 
events is scaled to the signal of the GCM (Hamlet et al. 2010, 2013).  A shortcoming of this approach, in 
particular for the current study, is that projected changes in the intensity of heavy rainfall events (e.g., 
Warner et al. 2015) are not included in the downscaled projections. 
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Figure 4. Future greenhouse gas scenarios: A) global annual CO2 emissions in gigatons of carbon, and B) 
the resulting atmospheric CO2-equivalent concentrations in parts per million. Actual emissions for 1990 
to 2010 are shown in gray. Two separate sets of scenarios are shown as dashed lines (A1F1, A2, A1B, B1; 
Nakicenovic et al. 2000) and solid lines (RCP 8.5, 6.0, 4.5, and 2.6; VanVuuren et al. 2011). Similar 
scenarios are plotted with similar colors. CO2-equivalent concentration is a measure that accounts for 
the global warming potential of all greenhouse gases, expressed as an equivalent concentration of 
atmospheric CO2. Figures taken from Mauger et al. (2015). Our projections are based on the moderate 
A1B scenario.  
 
 


VIC Hydrologic Model 
To project changes in runoff volume and timing (surface and subsurface), CIG input the downscaled 
climate projections into the Variable Infiltration Capacity hydrologic model (VIC).  VIC is a physically-
based, macro-scale hydrologic model (Liang et al. 1994, Nijssen et al. 1997) incorporating three distinct 
soil layers and overlying land cover to solve the water balance for each grid cell (Figure 5).7  Soils layers 
were developed by Maurer at al. (2002) at an ⅛ degree resolution. Land cover information was obtained 
from the Land Data Assimilation System (LDAS) dataset for the continental United States.  LDAS utilizes a 
land cover classification scheme from Hansen et al. (2000), which produced a 1 km spatial resolution 
land cover classification using data for 1992-1993 from the satellite-based Advanced Very High 
Resolution Radiometer (AVHRR).  These data were attributed to each 1/16 degree grid cell as the 
proportion of the cell covered by each land cover type.  VIC’s output was calibrated at a monthly time 
scale (Hamlet et al. 2013). CIG used VIC to simulate, among other hydrologic parameters, surface runoff 
and base flow (i.e., unconfined groundwater and subsurface flow) at a daily time step. These two model 
outputs are added together to produce an estimate of total daily flow from the grid cell, which is directly 
proportional to the mean daily flow.8  VIC simulated total daily flows for the two future 30-year time 
periods under the A1B emissions scenario.  Historical stream flows for the period 1916–2006 were also 
simulated using VIC.  
 


                                                           
7 For more information on the VIC hydrologic model, refer to the following webpage: 
http://www.hydro.washington.edu/Lettenmaier/Models/VIC/Overview/ModelOverview.shtml 
8 Mean daily flow (or mean daily discharge) is the average discharge of any specified calendar day (midnight to 
midnight). It is calculated by taking the total volume of water discharged during that day and dividing by 86400, 
the number of second in a day.   







12 
 


The climatological and hydrological projections generated from the GCMs and VIC cannot be validated 
using conventional methods. The future is not yet observable, so no empirical data exist to determine 
whether the models produce projections that closely approximate reality.  Similarly, the historical record 
is not sufficient for regional analyses because the observed changes in regionally averaged precipitation 
are not statistically distinguishable from natural climate variability.  Furthermore, because VIC produces 
only mean daily flows, even calibrated estimates of hydrologic extremes, such as the 100-year discharge 
(Q100), tend to underestimate the observed peak flow discharge.  To address these modelling issues, CIG 
developed an approach to validation that compares the relative sizes of peak flow events.  Comparisons 
with real data indicate that VIC yields reasonably accurate estimates of the relative sizes of historical 
peak flow events, such as the ratio of Q100 to the mean annual flood (Figure 6) (Tohver et al. 2012).  This 
suggests that the model accurately represents the shape of the flood frequency curve despite 
underestimating the magnitude of peak flow discharges.  Therefore, while projections of flow volume 
magnitude may be inaccurate, projections of the relative magnitude (i.e., percent change) of flow 
volumes appear to closely approximate reality.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Components and modelled processes of the VIC hydrologic model (CHG 2016). 
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Figure 6.  Validation of VIC streamflow estimates using ratio of 100-year flood and mean annual flood. VIC 
(blue bar) yields reasonably accurate estimates of the relative sizes of peak flow events determined from 
stream gauge data (red bar).  Mean annual flood is the mean of the maximum flood discharges experienced 
at a particular stream gauge over a series of years.  Some investigators arbitrarily define the mean annual 
flood as the discharge having an exceedance interval of 2.33 years.  HCDN refers to flood level estimates from 
regression model using Hydro-Climatic Data Network data.  USGS refers to peak flow estimates based on U.S. 
Geological Survey stream gauge data.  Figure from Tohver et al. (2012).  


 
 


Projected Streamflow Analyses 
We used VIC-modelled daily time series of mean discharges to construct historical and future flood 
frequency curves for each grid cell.  We determined the flood frequency curve assuming a log Pearson 
Type 3 distribution with L-moments using the lmom R package (Hosking 2015).  This approach differs 
from the Generalized Extreme Value (GEV) distribution used by many climate researchers, including CIG 
(e.g., Hamlet et al. 2007, Mantua et al. 2010). We used the log Pearson Type 3 distribution to comport 
with the methods of Castro and Jackson (2001), who derived ecoregional regression equations for 
bankfull width as a function of bankfull flow. Their equations enabled us to project bankfull width 
(discussed in greater detail below). The differences between the GEV and the log Pearson Type 3 
distributions become pronounced when estimating flows for extreme events such as the 100 or 500-
year flood. However, for smaller peak flows, such as two-year events (Q2), the differences should be 
minimal. We tested this assumption by estimating the Q2 values using both distributions and confirmed 
that they were nearly identical.  The mean absolute difference between Q2 calculated with GEV 
distribution and Q2 calculated with log Pearson Type 3 distribution for grid cells in Washington was 0.6%.  
 
The bankfull discharge (QBF ) can be determined from a flood frequency curve9 given the bankfull 
discharge recurrence interval.  Castro and Jackson (2001) used the annual maximum peak flow to create 
flood frequency curves with which to estimate regional bankfull discharge recurrence intervals.  The 


                                                           
9 A flood frequency curve is a graph showing annual peak discharge versus recurrence interval (also known as the 
return period).  Annual peak discharge may also be plotted against annual exceedance probability.   
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bankfull discharge recurrence interval varies significantly by ecoregion in the Pacific Northwest. To 
account for these variations, we assigned grid cells to ecoregions and used the appropriate bankfull 
discharge recurrence interval when determining bankfull flows.  See Figure 7 and Table 2. We calculated 
21 bankfull flows for each grid cell: the historical flow and the future flows for both future time periods 
for each of the 10 GCMs.   
 
VIC produces projections of mean daily flows, however, by convention, flood frequency curves and peak 
flow recurrence intervals are based on instantaneous peak flows.10  Using mean daily flows to determine 
flood frequency curves will underestimate bankfull flows.  The problem of having mean daily flow data 
but needing instantaneous peak flow data is a common one for hydrologists (Ellis and Gray 1966, Fill and 
Steiner 2003).  Consequently, hydrologists have developed empirically-based statistical relationships 
between mean daily flow and instantaneous peak flows (Gray 1973, Tagaus et al. 2008).  One well-cited 
relationship is that of Fuller (1914): 
 


𝑄𝐼𝑃 = 𝑄𝑀𝐷(1 + 2𝐴−0.3)     (5) 
 
where QIP is the instantaneous peak discharge, QMD is the mean daily flow, and A is the drainage area.   
 
We are interested in changes to bankfull flows over time due to climate change.  While we would like to 
know the change in flow volume over time, for our purposes, we only need to know relative change, i.e., 
the ratio of future flows to historical flows.  If we assume that using mean daily flow data to estimate a 
flood frequency curve changes only the size of the predicted annual peak discharge, then: 
 


𝑅 =   
𝑄𝐵𝐹2


𝑀𝐷


𝑄𝐵𝐹1
𝑀𝐷  =   


𝑄𝐵𝐹2
𝐼𝑃


(1+2𝐴−0.3)
⁄


𝑄𝐵𝐹1
𝐼𝑃


(1+ 2𝐴−0.3)
⁄


 =   
𝑄𝐵𝐹2


𝐼𝑃


𝑄𝐵𝐹1
𝐼𝑃       (6) 


 


where R is the ratio of bankfull discharges for time periods 1 and 2, 𝑄𝐵𝐹1
𝑀𝐷 , 𝑄𝐵𝐹2


𝑀𝐷  denote bankfull 
discharges estimated with mean daily flow data for time periods 1 and 2, and 𝑄𝐵𝐹1


𝐼𝑃 , 𝑄𝐵𝐹2
𝐼𝑃  denote 


bankfull discharges estimated with instantaneous peak flow data for times 1 and 2.  Therefore, the ratio 
of bankfull flows for two time periods estimated with mean daily flow is equal to the ratio of bankfull 
flows for the same two time periods estimated with instantaneous peak flows.  
 
The instantaneous peak flows used in the creation of flood frequency curves are the maximum 
instantaneous flows in every water year.  We used the maximum daily mean flow in every water year.  If 
the maximum daily mean flow in a water year does not occur on approximately the same day as the 
maximum instantaneous flow in that water year, then the shape of our flood frequency curve will be 
inaccurate.  Fortunately, the maximum mean daily flow generally occurs on the same day as the 
maximum instantaneous flow.  Using data from 10 watersheds in the United States (2 in Washington 
State), Kilgore et al. (2013) found that temporal correlations between maximum mean daily flow and 
maximum instantaneous flow were very high.  For watersheds larger than 6.5 mile2, the mean 
correlation was 0.94 (N= 8 watersheds).  Our grid cells are approximately 12.7 mile2.  Therefore, the 
shape of the flood frequency curve estimated with mean daily flow should be very close to the shape of 
the flood frequency curve estimated with instantaneous peak flows.   


 
Estimating Change in Bankfull Width 


                                                           
10 The daily instantaneous peak flow (or discharge) is the maximum peak flow at any one moment during a day. 
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We used projected bankfull flows to estimate bankfull widths for each of 10 models in each of the 5,270 
grid cells across Washington State in each of three time periods: historical, 2040s, and 2080s. To 
determine projected changes in bankfull width, we applied the relationships between bankfull width 
and bankfull flow developed by Castro and Jackson (2001).  The relationships have the form:  
 


    𝐵𝐹𝑊 = 𝑎𝑄𝐵𝐹
𝑏      (7) 


 
where BFW is the bankfull width, QBF is the bankfull discharge projected for each grid cell, and a and b 
were determined from statistical regression analysis of empirical data collected in the Pacific Northwest. 
The coefficients a and b are different for each major ecoregion division (Table 2)11, and appropriate 
coefficients were applied to each grid cell based on ecoregions.  
 
For each grid cell, the ratio of projected future to historical bankfull widths was calculated from the ratio 
of projected future to historical bankfull flows:   
 


     
𝐵𝐹𝑊2


𝐵𝐹𝑊1
= ( 


𝑄𝐵𝐹2 


𝑄𝐵𝐹1
 )


𝑏
      (8) 


 
where the subscripts 1 and 2 denote historical and future.  This equation eliminates the regression 
coefficient a.  This same relationship was used by Church (1995) in his study of how channel form 
responds to changes in river discharge.  For each grid cell i, the percent change in bankfull width for 
each model j was calculated with the equation: 
 


  percent change in BFWij = ( ( 
𝑄𝐵𝐹2𝑖𝑗 


𝑄𝐵𝐹1𝑖
 )


𝑏


− 1)  × 100   (9) 


 
 
and the mean percent change in bankfull width was calculated with the equation: 
 


  mean percent change in BFWi = ( ( 
𝑄𝐵𝐹2𝑖̅̅ ̅̅ ̅̅ ̅̅  


𝑄𝐵𝐹1𝑖
 )


𝑏


− 1) × 100   (10) 


 


where 𝑄𝐵𝐹2𝑖
̅̅ ̅̅ ̅̅ ̅ is the mean of the 10 projections of future bankfull flow for grid cell i.   


 


100-Year Flood Analysis  
To calculate the 100-year flood discharge (Q100) we followed the same procedure as that used to 
determine QBFW.  That is, we used VIC-modelled daily time series of mean discharges to construct 
historical and future flood frequency curves for each and every grid cell.  We determined the flood 
frequency curve assuming a log Pearson Type 3 distribution with L-moments using the lmom R package 
(Hosking 2015).  We then calculated percent change for the two future time periods between the 
historical estimate and the mean of the 10 projected, future 100-year flood charges.  The resulting 
product provides an additional important parameter for culvert design.  Significant increases in future 
100-year flood levels may require wider or taller culverts. 
 
  


                                                           
11 Each ecoregion division consists of multiple ecoregions.  However, in Washington State the Western Interior 
Basin and Ranges Ecoregion Division consists of only 1 ecoregion, the Columbia Basin.    
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Table 2.  Downstream hydraulic geometry parameters from Castro and Jackson (2001).  𝒂 and 𝒃 are 
parameters in equation 7.  See Figure 7 for location of ecoregion divisions.  Castro and Jackson (2001) used 
English units:  ft, ft3/sec (cfs), and square miles.   


Ecoregion Division 


QBF 
Recurrence 


Interval 


Equation Parameters 
R-squared 
(percent) a b 


Pacific Maritime Mountain 1.2 2.37 0.50 76.0 


Western Cordillera 1.5 3.50 0.44 84.4 


Columbia Basin 1.4 0.96 0.60 86.8 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.  Three major ecoregion divisions used to assign bankfull flow recurrence intervals and bankfull 
width equation parameter values to each grid cell.  See Table 2 for values.  Red lines are boundaries of major 
ecoregion divisions and black lines are ecoregion boundaries within divisions (based on Castro and Jackson 
2001).   
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3. Results 


Projected Changes in Bankfull Width 
In both future time periods, about 80% of grid cells in Washington are projected to have an increase in 
bankfull discharge and a consequent increase in BFW (Table 3).  Mean percent change in BFW increased 
over time.  The mean for the 5,270 grid cells of mean percent change in bankfull width was 4.5 and 7.2% 
for the 2040s and 2080s time periods, respectively.  In the 2040s, nearly half (49.8%) had a mean 
percent change in BFW greater that 5%, and 14% of grid cells had a change greater than 10% (Figure 8).  
In the 2080s, roughly two-thirds (64%) of grid cells had a mean percent change in BFW greater that 5%, 
and almost one-third (31%) had a change greater than 10%.  The maximum mean percent change in 
BFW was 27.0% in the 2040s and 43.5% in the 2080s; both occur in the North Cascades Ecoregion.   
 
Mean percent change in bankfull discharge and consequent mean percent change in bankfull width 
varied by ecoregion (Table 3, Figure 10).  For the Pacific Maritime Mountain Ecoregion Division in the 
2080s, the average of mean percent change in bankfull width was 12.1 but almost zero (0.2) for the 
Columbia Basin. Furthermore, in the Pacific Maritime Mountain Ecoregion, 95% of grid cells are 
projected to exhibit wider bankfull widths in the 2080s, but in the Columbia Basin only 56% of cells are 
projected to exhibit an increase.  Seventy-seven percent of grid cells with projected negative change in 
BFW in the 2080s occurred in the Columbia Basin.  Mean percent changes in bankfull width varied by 
elevation, with the largest changes occurring in high elevation grid cells that have mixed rain-on-snow 
and snow dominated hydrographs.  Consequently, the largest increases in mean percent change in 
bankfull width occurred in the most mountainous ecoregion, the North Cascades.  The largest decreases 
in percent change in BFW occurred in the Columbia Basin.   
 
Variation amongst the 10 BFW projections for each grid cell, as expressed by the coefficient of variation 
(CV), was remarkably low.  The median and maximum CVs for projected future BFW among 10 models 
across all grid cells was 6.4 and 16.1% for the 2040s and 8.1 and 20.7% for the 2080s (Figure 9).  This 
indicates a high level of agreement amongst BFW projections.  However, variability (i.e., disagreement 
amongst models) in projected BFW increases as the magnitude of mean percent change in BFW 
increases.  This is especially evident in the 2080s time period.  
 
Model projections within a grid cell can range from negative change to positive change.  In fact, in the 
2080s, 70% of grid cells had some disagreement amongst models about the direction of change in BFW.  
However, 75% of grid cells had at least a moderate level of agreement amongst models (i.e., 7 to 10 
models) on the direction of change.  Furthermore, 30.1% of grid cells had consensus amongst all 10 
models for the direction of change: 27.7% of grid cells had all 10 models project an increase and 2.4% of 
grid cells had all 10 models project a decrease.   
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Table 3.  Mean percent change (%Δ) from historical to future projections of bankfull discharge (QBF) and bankfull width (W) by ecoregion division.  “%>0” is 
percent of grid cells in ecoregion that had a positive change.  N is number of grid cells per ecoregion.   For QBF and W, top number is mean and number in 
parentheses is standard deviation.    


 Ecoregion Division   


 Pacific Maritime 
Mountains 


 
Western Cordillera 


 
Columbia Basin 


 
Entire State 


N 1976  1437  1857  5270 


 %>0 %ΔQBF %ΔW  %>0 %ΔQBF %ΔW  %>0 %ΔQBF %ΔW  %>0 %ΔQBF %ΔW 


historical 
to 2040s 


95 
17.2 


(11.0) 
8.1 


(5.0) 


 


87 
13.7 


(12.3) 
5.6 


(5.0) 


 


53 
-0.5 
(8.1) 


-0.4 
(4.9) 


 


78 
10.0 


(13.1) 
4.5 


(6.2) 


historical 
to 2080s 


95 
26.5 


(18.7) 
12.1 
(8.1) 


 


91 
23.4 


(18.8) 
9.4 


(7.2) 


 


56 
0.5 


(11.3) 
0.2 


(6.8) 


 


80 
16.5 


(20.3) 
7.2 


(9.1) 
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Figure 8.  Frequency distribution (by percent) of grid cells in Washington for mean projected percent change 
in bankfull width for two future periods: 2040s (2030-2059) and 2080s (2070-2099).  


 
 
 
 
 
 
 
 
 
 


 
 
 


 


 


 
Figure 9.  Coefficient of variation for 10 bankfull width projections versus mean percent change in bankfull 
width for each of the 5270 grid cells.  A) 2040s and B) 2080s time periods.  Graphs show that both the 
magnitude and uncertainty of bankfull width projections increase over time.   


 


  


B 
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Figure 10.  The mean (of 10 models) projected percent change in bankfull width for the A) 2040s and B) 
2080s time periods.  Black lines are ecoregion boundaries.  Grid cells are 1/16-degree latitude x 1/16-degree 
longitude (approximately 5 x 7 km).  


A 


B 
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100-Year Flood Analysis  
In the 2040s and 2080s time periods, the mean for all grid cells of the mean projected percent change in 
the 100-year flood discharge (Q100) is 9.2% and 17.4%, respectively.  In the 2080s, projected changes 
range from -55 to 170%, with the biggest increases in Q100 projected to occur at higher elevations (Figure 
11).  The mean projected percent change for the 2040s and 2080s time periods shows distinct regional 
variation.  For the 2080s, 2.4% of grid cells, mostly in the North Cascades Ecoregion, are projected to 
have a Q100 over twice as large as their historical Q100. In contrast, most of the Columbia Basin Ecoregion 
is projected to have reduced Q100.  According to our projections for the 2080s, 37% of grid cells (over 
one-third of Washington) will have at least a 25% increase in Q100 (Figure 12). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 


 


 


 


 


 


 


 


 


 
Figure 11.  Projected future mean percent change in 100-year flood discharge (Q100) relative to historical Q100 
for A) the 2040s and B) the 2080s time periods.  Black lines are ecoregion boundaries.  
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Figure 12.  Frequency distribution (by percent) of grid cells in Washington for mean projected percent change 
in 100-year flood discharge for two future periods: 2040s (2030-2059) and 2080s (2070-2099).  


 
 
Mean projected percent change in 100-year flood discharge was moderately correlated with mean 
projected percent change in bankfull width: 0.48 in the 2080s. For 57% of grids cells in Washington in 
the 2080s, mean projected percent change in 100-year flood discharge is greater than mean projected 
percent change in bankfull width.  Mean projected percent change in 100-year flood discharge is more 
than double the mean projected percent change in bankfull width for 42 percent of grid cells.  The ratio 
of mean projected percent change in 100-year flood discharge to mean projected percent change in 
bankfull width varies greatly by ecoregion (Figures 13 and 14).  For instance, in the Pacific Maritime 
Mountains Ecoregions that ratio is greater than three for 41% of grid cells, but in the Columbia Basin 
Ecoregion the ratio is greater than three for only 7% of grid cells for the 2080s.   
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Figure 13.  The distribution of grid cells within ecoregions for ratio of percent change in 100-year flood 
discharge (% ∆Q100) to percent change in bankfull width (% ∆BFW) for the 2080s time period.  “1 to 2,” for 
example, means that the percent change in 100-year flood discharge is 1 to 2 times larger than the percent 
change in bankfull width.  Colors of categories match colors in Figure 14.   


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14.  The ratio of percent change in 100-year flood discharge to percent change in bankfull width for 
grid cells in the 2080s time period.  “1 to 2,” for example, means that the percent change in 100-year flood 
discharge is 1 to 2 times greater than the percent change in bankfull width.  White space indicates percent 
change was negative.  Black lines are ecoregion boundaries.  Grid cells are 1/16-degree latitude x 1/16-
degree longitude (approximately 5 x 7 km).  
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4. Information for Culvert Design 


Based on current engineering standards, culverts are expected to last 50 to 100 years (NCHRP 2015, 
WSDOT 2015).  If culverts installed today do not accommodate increases in bankfull width caused by 
future increases in bankfull flow, then undersized culverts could create fish passage barriers and damage 
fish habitats, require increased maintenance and repairs, or undergo catastrophic structural failure 
during floods.  A fiscally responsible approach to incorporating climate change projections into culvert 
design must weigh the trade-off between the certain costs of a wider culvert now, which accommodates 
projected changes in bankfull width versus the uncertain future costs of damages to natural resources 
and public infrastructure that could occur if projected future changes are not adequately 
accommodated.  Because the decision to build or not to build wider culverts leads to an uncertain 
outcome with potentially adverse consequences, that decision involves risk.  Decision makers should 
address this risk, and our analysis can serve as the basis for a simple risk assessment that informs 
decisions regarding culvert design.  
 


Uncertainty 
All assessments in natural resources management, and the models they depend upon, are uncertain.  
Our assessment has three main sources of uncertainty, which correspond to the major steps of our 
assessment: 1) global climate models, 2) the hydrologic model and bankfull flow projections, and 3) 
bankfull width estimates using hydraulic geometry relationships.  We addressed each source of 
uncertainty as follows.  Relationships between stream discharge and channel geometry are very well 
understood (Singh 2003, Buffington 2012, Gleason 2015), and the empirical relationships we utilized 
(Castro and Jackson 2001) have high coefficients of determination (r2).  Statistical regressions using data 
from three ecoregions produced r2 equal to 0.76, 0.84, and 0.87, which are very good fits to the data 
and perhaps as good as one could hope for in a study of natural systems.  Furthermore, equation 8 for 
calculation of future to historical bankfull width ratios eliminated the regression coefficient a.  
Regression coefficients are parameter estimates with some uncertainty (i.e., a standard error).  Hence, 
by eliminating one of the regression coefficients, we reduced uncertainty in our predictions based on 
hydraulic geometry.  Therefore, while application of the hydraulic geometry relationships will result in 
some error, we believe that the error is small enough to be ignored for our purposes.   


VIC is a model, and no model can generate error-free predictions.  Furthermore, because VIC produces 
mean daily flows, it underestimates peak flow discharges. Despite these shortcomings, comparisons 
done by CIG indicate that VIC yields reasonably accurate estimates of the relative sizes of historical peak 
flow events, such as the ratio of Q100 to the mean annual flood (Tohver et al. 2012).  Therefore, for the 
purposes of culvert design, we believe the error in the ratio of bankfull flow estimates (equation 8) is 
small enough to be ignored for our purposes.   


The greatest uncertainty lies in the climate change projections.  CIG used an ensemble of 10 GCMs to 
ensure that a range of modeling approaches and climate sensitivities were included. This ensemble was 
drawn from the larger pool of available GCMs based on an assessment of each model’s ability to capture 
key characteristics of the Pacific Northwest Region’s historical climate (Salathè et al. 2007, Mote and 
Salathè 2010).  Multi-model averages for a variety of climate variables generally agree better with 
observations of present day climate than any single model (Knutti et al. 2010, IPCC 2010), and 
unweighted multi-model averages are often presented as “best guess” projections (Tebaldi and Knutti 
2007).  Multi-model ensembles have become standard practice for dealing with uncertainty in climate 
change projections (IPCC 2010), and more “robust” projections are those with more agreement amongst 
models within an ensemble (Parker 2013).  Hence, we used CIG’s 10-model ensemble to describe 
uncertainty in future changes in bankfull width.   
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Because a multi-model ensemble is neither a random nor a systematic sample of GCMs, it is unclear how 
to interpret the uncertainty conveyed by an ensemble (Knutti 2010).  Hence, the most credible ways to 
communicate uncertainty are often the simplest (Kandlikar et al. 2005).  The range of projections (i.e., 
maximum minus minimum) for percent change in bankfull width produced by the 10 models is perhaps 
the simplest expression of uncertainty.  Based on the range of projections, the greatest uncertainty in 
future changes in bankfull width occur in the higher elevations of the Olympic Mountains, the northern 
portion of the Cascade Mountains, and the Blue Mountains in southeast Washington (Figure 15A). As 
expected, the range of projections farther in the future becomes wider, i.e., more uncertain (Figure 
15B).  Another simple measure of uncertainty is the number of models that agree on the sign of change 
(Kandlikar et al. 2005, Tebaldi et al. 2011).  We have the lowest uncertainty when all models or zero 
models project a positive change (i.e., an increase) in bankfull width.  Half the models projecting a 
positive change and half projecting a negative change in bankfull width indicates highest uncertainty.  In 
Washington, the highest model agreement occurs in mountainous regions – the Olympics, Cascades, 
Blues, and the Selkirks in northeastern Washington – where all models project a positive change in some 
grid cells, and along the margins of the Columbia Basin Ecoregion where all the models project a 
negative change in some grid cells (Figure 16).  Throughout most of Washington model agreement does 
not change substantially between time periods, with the exceptions of southeastern Washington where 
model agreement increases, and the plains and foothills of the Coast Range Ecoregion where model 
agreement decreases.   


Because quantitative expressions of uncertainty are problematic for multi-model ensembles, we 
developed a graphical depiction of uncertainty.  The graph simply shows the distribution of values 
projected by the 10 models along with the mean.  In one example (Figure 17A), the distribution of future 
percent changes in bankfull width has a range of 48%, the distribution is evenly distributed around the 
mean with five projections above the mean and five below, and the mean (22.2%) lies roughly in the 
middle of the distribution (located at 21.7%).  The wide range and relatively uniform distribution of 
values within that range indicate a lot of uncertainty regarding percent change in bankfull width for this 
grid cell.  On the other hand, nine of ten models project an increase in bankfull width, and therefore, we 
can feel confident that an increase will occur between now and the 2040s.   


In another example (Figure 17B), the distribution of future percent changes in bankfull width has a range 
of 25%, and the distribution is unevenly distributed around the mean, with three projections above the 
mean and seven below.  The density of points between 9 and 18 percent shows relatively close 
agreement for 7 of 10 models.  However, three models project an increase of at least 26%.  The mean 
percent change is 18%, but this skewed distribution indicates the possibility, however unlikely, of more 
extremes increases in bankfull width.  In this example, all ten models project an increase in bankfull 
width.  Graphs such as these can help managers and engineers think about the chance that bankfull 
width at a particular location will increase over time due to climate change.  


Risk and Actionable Risk 
Risk is a measure of the chance and the consequence of an uncertain future event (Yoe 2012, p. 1).  Risk 
consists of two parts: an undesirable outcome and the probability of that outcome occurring.  A 
common formula for risk is (Modarres et al. 1999, p. 466): 


𝑅𝑖𝑠𝑘 = 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ×  𝐶𝑜𝑠𝑡      (11) 


Probability is one way to express uncertainty, and “cost” is a synonym for the potential amount of 
damage, harm, loss of value, or lost opportunity.  Whenever uncertainty and “cost” coincide there is 
risk.  Decisions about culvert design entail uncertainty about future changes to channel form and “cost” 
arising from potential future damages to fish habitats and public infrastructure.   
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When making decisions, managers should consider all risks, but actually eliminating or minimizing all 
risks may be impractical.  Therefore, managers must decide which risks are “actionable.”  An actionable 
risk has three characteristics: 1) it is described by information that is specific, unbiased, credible and 
usable (IGES 2012); 2) the risk exceeds the manager’s risk tolerance, and consequently, it gives cause or 
a reason for action; and 3) the risk can be acted upon, i.e., actions can be taken to eliminate or minimize 
the risk.  We believe we have produced information that is actionable, i.e., based on the best available 
science that is specific to culvert design, unbiased, and credible.  We have also created a graphical 
depiction of risk that makes our information useable for managers (Figure 18).   
 
Risk has two components: probability and cost.  We lack estimates for both components; however, our 
bankfull width projections provide useful surrogates.  Our surrogate for probability is our simple 
measure of uncertainty − the proportion or number of models that agree on the sign of change.  Our 
surrogate for cost is the relative amount of undersizing. If a culvert built using today’s bankfull width is 
too narrow to accommodate future bankfull width, then we expect that culvert to become an 
impediment to fish passage.  That is, as the disparity between channel width and culvert width 
increases, we expect the culvert’s capacity to pass fish to decrease.  In other words, the channel-culvert 
width disparity and fish passability are assumed to be correlated.  The ratio of future to historical 
bankfull widths (i.e., the projected percent change in bankfull width) is an estimate of the future 
channel-culvert width disparity at a particular location, and hence, this ratio may be used as a surrogate 
for future impediments to fish movement (i.e., costs) caused by not installing a wider culvert. 


Because a multi-model ensemble is neither a random nor a systematic sample of GCMs, frequentist 
conceptions of probability are invalid (Stephenson et al. 2012). Consequently, we cannot construct a 
probability distribution from our projections of future percent change in bankfull width.  The number of 
models that agree on the sign of change is a simple measure of uncertainty that does not imply a 
probability distribution (Tebaldi et al. 2011).  This approach was used by the IPCC (2007), and hence, it is 
the approach that we’ve employed.  Our surrogate for probability is the proportion of models that 
project an increase in future bankfull width.   


Our surrogates for probability and cost can be plotted in two dimensions for each grid cell (Figure 18). 
The relative locations of grid cells in the two-dimensional space represent the relative risk of culvert 
failure, i.e., the failure to pass fish during a particular time period.  Within this space, managers can 
delineate their own zone of intolerable or actionable risk12, which is a policy decision based on 
normative values that will likely differ from one context to another.  One manager, for instance, could 
believe that a culvert poses an actionable risk when the mean projected change in bankfull width is at 
least 10% and at least 5 models agree that bankfull width will increase.  Another manager might want 
more certainty in the projections, and specify at least 6 models agreeing but also believe that 5% is a 
significant increase in bankfull width.  These two actionable risk zones are shown in Figure 18.  Grid cells 
in the actionable risk zone can then be mapped (Figures 19 and 20), and designs for new culverts built 
within those grid cells would incorporate projections of future percent change in bankfull width. Policy 
makers, managers, and engineers will ultimately need to decide how much projected change in bankfull 
width and how much certainty (i.e., model agreement) regarding increases in bankfull width equals an 
actionable risk.  


  


                                                           
12 We equate intolerable and actionable risk because the third characteristic of actionable risk is assumed to be 
true.  That is, we assume that actions can be taken to eliminate or minimize the risk.  Eliminating or minimizing risk 
of culvert failure entails installing a larger culvert.   
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Figure 15.  The range of percent change in bankfull width for each grid cell for two time periods: A) 2040s and 
B) 2080s.  Range equals the largest projection minus the smallest projection and is one way to express 
uncertainty.  Black lines are ecoregion boundaries.  Grid cells are 1/16-degree latitude x 1/16-degree 
longitude (approximately 5 x 7 km).  
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Figure 16.  Number of models projecting an increase in bankfull width for each grid cell for two time periods: 
A) 2040s and B) 2080s.  “Model agreement” is an expression of uncertainty.  All models (10) or no models (0) 
projecting an increase indicates lowest uncertainty.  Half of models (5) projecting an increase and half 
projecting a decrease in bankfull width indicates highest uncertainty.  Black lines are ecoregion boundaries.  
Grid cells are 1/16-degree latitude x 1/16-degree longitude (approximately 5 x 7 km).  
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Figure 17.  Distribution of projected percent change in bankfull width (BFW) between historical and 2040s 
time periods at (A) a grid cell in the Tucannon River Watershed and (B) a grid cell in the Finney Creek 
Watershed, a tributary to the Skagit River. Each black dot corresponds to a projection based on a different 
GCM.  The red line indicates the mean of the 10 projections.  Numbers in upper right corner of each graph 
are latitude and longitude of grid cell.  The grid cell in the Tucannon River Watershed has 2 projections of 
approximately 38%.  Mean estimates are the mean of 10 projections.  Green box shows location of quartiles 
(i.e., interquartile range). 
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Figure 18.  Example of how relative risk could be depicted for policy decisions.  All 5270 grid cells (red dots) 
plotted in two dimensions of risk − surrogates for probability (horizontal axis) and for cost (vertical axis). The 
yellow box depicts the grid cells that could be considered “actionable” because at least 5 out of the 10 
models project in increase in bankfull width for that grid cell and its mean projected change in bankfull width 
is at least a 10%.  The green box depicts the grid cells that could be considered “actionable” because at least 
6 out of the 10 models project in increase in bankfull width for that grid cell, and its mean projected change 
in bankfull width is at least a 5%.  Risk is defined as zero for grid cells with mean percent change in bankfull 
width less than zero.  


 
 
 
 
 
 
 
 
 
 
 
 
 


 


 


Figure 19.  Example of how relative risk could be mapped for policy decisions.  Grid cells (in red) that lie 
within the yellow actionable risk zone of Figure 18.  Zone boundaries occur  when at least 5 out of the 10 
models that project an increase in bankfull width, and its mean projected change in bankfull width is at least 
a 10%.  The actionable risk zone is normative, and hence, the two thresholds defining the zone are a policy 
decision.  Time period is 2080s.  See Table 4 for summary.  Black lines are ecoregion boundaries.  
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Table 4.  Example of how relative risk could be mapped for policy decisions.  Percent of grid cells where a 
culvert poses an actionable risk due to climate change on federal and nonfederal lands.  For this example, 
“actionable risk” is defined as at least 5 out of the 10 models that project an increase in bankfull width for 
that grid cell and its mean projected change in bankfull width is at least a 10%.  The actionable risk zone is 
normative, and hence, the two thresholds defining the zone are a policy decision.   


Time 
Period 


Percent of All Grid Cells that  
are Actionable Risk 


Percent on 
Federal Lands 


Percent on Non-
federal Lands 


2040s 14 77 23 


2080s 31 64 36 


 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 20.  Example of how relative risk could be mapped for policy decisions.  Grid cells on nonfederal lands 
occur where a culvert poses an actionable risk due to climate change.  For this example, “actionable risk” was 
defined as cells with at least 5 out of the 10 models projecting an increase in bankfull width for that grid cell, 
and its mean projected change in bankfull width is at least a 10%.  The actionable risk zone is normative, and 
hence, the two thresholds defining the zone are a policy decision.  “2059” and “2099” correspond to the 
2040s and 2080s time periods, respectively.  Black lines are county boundaries and blue lines are Water 
Resource Inventory Area (WRIA) boundaries.  


 
 


Case Study:  Climate-adapted Culverts for the Chehalis River Basin 
The Chehalis River Basin is currently a major focus for salmon habitat restoration, and an important part 
of habitat restoration in the Chehalis is replacing culverts that are barriers to fish passage.  We have 
been fortunate to work with restoration project proponents in the Chehalis who want to design and 
install culverts that are adapted to future climate change.  These projects have provided an opportunity 
for developing a procedure that translates our results into information that can be used by engineers.  
We describe the procedure with a real culvert replacement project − the culvert at the intersection of 
Polson Camp Road and Big Creek, which is a tributary to the Humptulips River (Figure 21).  This case 
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study describes only the climate change information that was incorporated into culvert design.  It does 
not cover many other factors that an engineer should consider when designing a stream crossing, such 
as land uses upstream of the stream crossing, natural regrading of the stream channel, potential large 
woody debris transport, etc.  
 
Incorporating our climate change information into culvert design consists of seven steps.  First, the 
entire drainage area upstream of the culvert is delineated (Figure 21).  We did this manually in ArcGIS 
using 1:24000 scale topographic maps, stream flowlines from the National Hydrography Dataset, and 
land cover images taken in 2015 by the National Agriculture Imagery Program.  We hope to automate 
the watershed delineation process in the future.  Second, the areas of intersection between the 
drainage area and the 1/16 degree grid cells are determined using GIS software.  Third, the projected 
bankfull flow for the drainage area is calculated as an area-weighted average:  
 


𝑄𝐵𝐹𝑗𝑘 =   
∑ 𝐴𝑖𝑄𝐵𝐹𝑖𝑗𝑘


𝑁
𝑖=1


∑ 𝐴𝑖
𝑁
𝑖=1


     (12) 


 
where Ai is the area of intersection between the ith grid cell and the upstream drainage area, and QBFijk 
is the bankfull flow of the ith grid cell, projected by the jth climate change model for the kth time period 
(e.g., 2040s). The calculation is repeated 11 times − for each of the ten climate change models and for 
the historical projection.  Fourth, equations 9 and 10 are applied to obtain 10 projections for percent 
change in bankfull width and the mean percent change (Figure 22A).  Fifth, the bankfull width at the 
project site is estimated through physical measurement using a credible procedure (e.g., Atha and 
Wilhere 2016).  Sixth, the projected percent changes are applied to the empirically estimated bankfull 
width to obtain projections of future bankfull width for a given time period.  Finally, the 10 projections 
are plotted on a graph along with the mean, median, and quartiles.   
 
Bankfull width projections for the Polson Camp Road culvert project are shown in Figure 22B.13  The 
mean percent change in bankfull width for the 2080s is projected to be 10.2%, and the current bankfull 
width is estimated to be about 12.2 ft.  These values yield a projected mean bankfull width of 13.4 ft.  
Seven of 10 models project an increase in bankfull width, and the range of projected percent change is 
40%, which corresponds to a range of projected bankfull widths equal to 4.9 ft.  The biggest projected 
change is 33.7 percent, which leads to a bankfull width of 16.3 ft.   
 
At present, there are no regulations or standard engineering practices that require climate change 
information to be incorporated into culvert design.  Hence, given the preceding information, a manager 
or engineer must decide how wide to make the new culvert on Polson Camp Road.  That person must 
weigh trade-offs between the certain costs of a wider culvert or bridge now, versus the uncertain costs 
of future damages to natural resources and public infrastructure caused by an undersized culvert.  And, 
that person’s weighing of trade-offs will be influenced by their attitude toward risk (Yoe 2012, pp. 499-
403).  An optimistic person might discount the projections of increased bankfull width and design the 
culvert using the current bankfull width – a less expensive option now that could cost more during the 
lifetime of the culvert. This attitude toward risk is called risk seeking (Yoe 2012, p. 501).  A pessimistic or 
risk-averse person would design for the worst-case projection, i.e., a bankfull width of 16.3 ft.  This 
would certainly cost more now, but might avoid substantial cost later.  Culvert design based on a “risk-
neutral” attitude would use the mean value of bankfull width.  Some managers may feel uncomfortable 


                                                           
13 For this report we did not have an empirical estimate of bankfull width for the Polson Camp Road culvert 
project, so we estimated it using the equations of Castro and Jackson (2001). Our rough estimate is 12.2 ft.  When 
the culvert is designed, the project’s proponents will measure the actual BFW at the project site.  
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with either the purely risk-averse or strictly risk neutral attitudes.  The former may pose unacceptable 
short-term costs but the latter is vulnerable to substantial long-term costs.  The worst-case projection is 
somewhat removed from the other nine projections, i.e., it’s located in a tail of the distribution and 
therefore, may be much less likely than the other projections.  Hence, a reasonable compromise 
between the risk-averse and risk neutral attitudes may be the plausible worst-case (Wilhere 2012).  For 
the Polson Camp Road project, a more plausible worst-case is the 2nd worst case − a bankfull width of 
14.9 ft.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
Figure 21.  The Polson Camp Road Culvert Project on Big Creek, a tributary of the Humptulips River.  The 
location of the project is marked by the orange dot.  The upstream drainage area is delineated by the white 
line.  The yellow lines are the boundaries of four grid cells that intersect the Big Creek drainage area.  Ai are 
the areas of intersection between the drainage area and each grid cell i.  QBFi are the projected bankfull flows 
for each grid cell.  Projected bankfull flow for the drainage area is calculated as the area-weighted average of 
the QBFi. Land cover image was taken in 2015 by the National Agriculture Imagery Program.  Blue lines are 
major streams from the National Hydrography Dataset.   
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There are at least two other ways that managers or engineers can use our projections for water crossing 
design.  First, WDFW’s water crossing design guidelines (Barnard et al. 2013, p. 28) recommend a bridge 
where bankfull width exceeds 15 ft.  Therefore, when bankfull width projections indicate a good chance 
that bankfull width will exceed 15 ft during the service life of a culvert, a bridge should be  
considered for that stream crossing.  The mean projected bankfull width for the Polson Camp Road 
project indicates that a bridge is not warranted, however, the worst-case projection would lead risk-
averse decision makers to construct a bridge.  Figure 24 shows where in Washington bridges should be 
considered for stream crossings, based on mean projected percent change in bankfull width (a risk-
neutral attitude).   
 
Second, the 100-year flood discharge can be an important parameter for culvert design.  The 
assumption that a no-slope or stream simulation culvert provides adequate conveyance for the 100-year 
peak flow does not take into account potential increases in 100-year flood discharges caused by future 
climate change.  The mean projected change in 100-year flood discharge for the Polson Camp Road 
culvert project is 18.2%, which is 78% larger than the mean projected change in BFW (10.2%).  That ratio 
of mean projected change in 100-year flood discharge to mean projected change in BFW could 
invalidate the flood capacity assumption for no-slope and stream simulation culverts.  Therefore, the 
engineer designing this culvert should determine whether or not the culvert will indeed convey the 100-
year peak flow.  If a culvert, designed to accommodate projected future BFW, cannot convey the 
projected future 100-year peak flow, then the culvert’s cross-sectional area should be increased. The 
distribution of projections for the Polson Camp Road project (Figure 23) shows that three models project 
an increase greater than 25%.  Given that there are no regulations or standard engineering practices 
that require climate change information to be incorporated into culvert design, the engineer’s attitude 
toward risk will influence how he or she incorporates these more extreme projections into the culvert’s 
design.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22.  Distribution of projected (A) future percent change in bankfull widths (BFW) and (B) future 
bankfull width for the Polson Camp Road Culvert Project on Big Creek (see Figure 21).  Projected future 
bankfull width based on current bankfull width of 12.2 ft.  Mean estimates are the mean of 10 projections.  
Green box shows location of quartiles (i.e., interquartile range).  
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Figure 23.  Distribution of projected percent change in 100-year flood discharge relative to the historical 
estimate for the Polson Camp Road Culvert Project on Big Creek (see Figure 21).  Mean estimate is the mean 
of 10 projections.  Green box shows location of quartiles (i.e., interquartile range).  
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Figure 24. Smallest current bankfull width (in feet) where a bridge (rather than a culvert) should be 
considered based on mean projected percent change in bankfull width for A) 2040s and B) 2080s time 
periods. For example, the darkest colored grid cells indicate channels with a current BFW of 10 to 11 feet are 
projected to increase to BFW of 15 ft or greater.  Current guidelines (Barnard et al. 2013) recommend a 
bridge where bankfull width exceeds 15 ft.  White grid cells indicate that our bankfull width projections do 
not affect the decision to build a bridge rather than a culvert because the projected change is either very 
small or negative. Grid cells are 1/16-degree latitude x 1/16-degree longitude (approximately 5 x 7 km). Black 
lines are ecoregion boundaries.   
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5. Discussion  


This report, and the projections of future percent change in bankfull width contained herein, are 
important potential additions to the water crossing design guidelines provided by WDFW (Barnard et al. 
2013).  All models and modeling techniques described in this report were the best available.  To address 
the potential adverse effects of climate change on fish passage through culverts, we worked with the 
University of Washington’s Climate Impacts Group to produce new information for the design of 
climate-adapted culverts.  We used regionally downscaled global climate models in combination with a 
hydrological model to project changes in hydrology that effect changes in bankfull width.  Bankfull width 
is the most important design parameter for water crossing structures (Barnard et al. 2013).   
 
Incorporating climate change information into culvert design, or any management decision, faces 
obstacles.  Our capacity to adequately respond to climate change is affected by temporal horizon, 
uncertainty, and cost.  Temporal horizon refers to the future point in time beyond which events, 
however likely, do not compel policy makers or managers to take action.  The major climate change 
impacts that we describe are projected to occur decades from now, which is beyond the temporal 
horizon of most policy makers.  Our bankfull width projections, for instance, are for the 2040s and 2080s 
time periods − roughly 30 and 70 years from now, respectively.  Even though the service life of many 
culverts is expected to be 50 to 100 years, our projections may be beyond the temporal horizon of some 
policy makers, managers, or engineers.   
 
Uncertainty forces a consideration of trade-offs between the certain costs of adapting to future climate 
change now versus the uncertain costs incurred by not adapting to future climate change.  If we were 
absolutely certain about when, where, and how much bankfull width would increase, then the decision 
to install wider culverts would be much easier.  How uncertainty should be dealt with is very subjective.  
At many stream crossings the mean projected percent change in bankfull width may be below the 
actionable risk threshold of some managers (e.g., less than 5 or 10 percent change), however, a risk-
averse approach that considers worst-case projections might compel action and prescribe a wider 
culvert at those same stream crossings. 
 
Uncertainty is inherent in every management decision in natural resources management.  Managers 
who ignore uncertainty may adopt overly optimistic or pessimistic beliefs, leading to decisions that 
ultimately result in environmental degradation or forgone economic opportunities (Ludwig et al. 1993, 
Reckhow 1994). Managers who approach decisions with resolute certainty may fail to anticipate 
problems or recognize potential risks. In contrast, dealing with uncertainty enables managers to plan for 
contingencies and minimize potential losses (Morgan and Henrion 1990, p. 2).  Uncertainty is often 
misrepresented as a lack of knowledge, however, projections that report uncertainty, such as ours, 
provide information on not only the most likely outcome but also on all other possible outcomes (Steel 
et al. 2009).  Understanding the likelihood of the full range of possible outcomes enriches a manager’s 
understanding, thereby leading to more robust decisions.   
 
We explored the relationship between increased culvert width and increased culvert cost.  Our estimate 
is based on a very simple situation: a stream simulation culvert constructed with a round (circular cross-
section), steel, corrugated pipe on a gravel, single-lane road.  We found that the ratio of increase in 
culvert cost to increase in culvert width is 1.2:1.  Hence, for each 10% increase in culvert width, culvert 
cost increases by 12% (Figure 25).  The slope of this relationship may increase for more complex 
situations (e.g., multilane highway, concrete box culvert).  The cost to replace 1000 state-owned culverts 
covered by the Culvert Case was estimated to be about $2.45 billion (Lovaas 2013).  In the area covered 
by the Culvert Case, the mean of mean projected percent changes in bankfull width is about 10% for the 
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2080s time period.  If we assume that nearly all new culverts will be stream simulation culverts, then the 
additional cost for climate-adapted culverts covered by the Culvert Case could exceed $200 million.  
While the immediate additional cost of climate-adapted culverts may be disconcerting, that cost may be 
much smaller than the future cost of replacing culverts (again) that become fish passage barriers 
because they cannot accommodate increasing streams flows and changing channel morphology.   
 
Different stakeholders may view risk, cost, and trade-offs associated with climate-adapted culvert design 
very differently.  For instance, from WDFW’s perspective, the foremost risk is associated with installing 
an undersized culvert that becomes a barrier to fish movement sometime in the future.  For the culvert 
owner − which can be state, county, or city governments or a private entity − the foremost risk might be 
the additional cost of installing a culvert that is larger than necessary.  While we recognize both 
perspectives on risk, we have focused on informing the Department’s climate adaptation strategies for 
maintaining or restoring fish passage at stream crossings.  A meeting amongst state government 
agencies, local governments, tribes, and various stakeholders is needed to discuss an effective and 
equitable plan for installing new culverts that are wide enough to accommodate future changes in 
stream flows and channel morphology.   
 
Culverts are a major concern in Washington because they lie at the intersection of three major natural 
resource management issues:  the management of anadromous salmon species, some of which are 
federally-listed threatened species and all of which are commercially valuable fisheries; protecting 
Indian treaty rights; and climate adaptation of public infrastructure.  In response to salmon species’ 
listings under the federal Endangered Species Act, state and local governments, major landowners, and 
nongovernmental organizations throughout Washington have increased their efforts to replace the 
estimated 35,000 culverts that form fish passage barriers.   Many of these culvert barriers were the 
result of old designs which we now know were inadequate.  The current urgency regarding culvert 
replacement is also is influenced by the Culvert Case (United States v. Washington 2013) which forced 
state government to expedite the replacement of culvert barriers.  Replacing barriers with fish-passable 
culverts provides access to hundreds of miles of unoccupied habitat for threatened salmon species and 
should enhance both commercial and sport fisheries.  If culverts replaced today are not designed to 
accommodate future changes to stream flow and channel morphology caused by climate change, then 
new culverts may become barriers sometime in the future.    
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Figure 25.  Percent increase in culvert cost as a function of percent increase in culvert width.  Relationship 
pertains to a stream simulation culvert for a gravel, single-lane road constructed with a round (circular cross-
section), steel pipe.   


 
 


6. Future Work  


There are four categories of potential future work stemming from this project: 1) dissemination and use 
of this project’s products, 2) keeping abreast of relevant climate change science, 3) investigating the 
consequences of undersized culverts, and 4) developing more information to enrich the decision space.  
Nearly all future work related to this project is contingent upon new funding. 
 


Dissemination of Project Results 
To more efficiently disseminate this project’s products we would like to develop an internet site.  The 
simplest option is a website that allows users to download data files containing the projected percent 
changes in bankfull width for the entire state.  A much more sophisticated option is a site that allows 
users to point-and-click on a culvert’s exact location. The site’s software then performs all of the 
calculations for determining projected percent change in bankfull width at that location (watershed 
delineation, area intersections, area-weighted average, etc.).  Whatever internet-based service we 
develop, we will continue to work with proponents of culvert projects to help them design climate-
adapted culverts.   
 
To encourage greater use of this project’s products, we hope to add a chapter on climate adaptation to 
WDFW’S current water crossing design guidelines (Barnard et al. 2013).  That chapter would explain the 
information that we have developed and explain how to incorporate it into culvert or bridge design.  It 
would also cover how to use the results of the 100-year flood analysis in water crossing design.   
 


Updating Climate Science 
Climate change science is one of the hottest topics in science, and consequently, it is constantly 
advancing.  New climate change projections are produced periodically, and we hope that CIG updates 
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their state-wide hydrological projections as new climate change projections become available.  Updates 
are especially important because CIG’s current state-wide projections were generated with models that 
did not include extreme precipitation events.  A major issue in climate change modelling is the best way 
to express uncertainty.  We followed recommendations for expressing uncertainty (Kandlikar et al. 2005, 
Tebaldi et al. 2011), but current methods are not entirely satisfactory.  As methods for expressing 
uncertainty advance, we hope to incorporate those advances.  We could also explore enhancements to 
the hydrological modelling.  Land cover is a major variable in VIC, but we currently use 1992-1993 land 
cover data which are also static in time.  We could simulate changes in land use like increased 
urbanization, and the resulting hydrological response over time.   
 


Understanding the Consequences of Undersized Culverts 
With respect to culverts and climate change, WDFW’s principal concern is the loss of fish passage and 
damage to fish habitat caused by undersized culverts.  At present, we use the ratio of future to current 
bankfull width as a surrogate for future potential cost, i.e., harm to fish populations as a result of not 
installing a wider culvert or bridge.  We must use a surrogate for damage or harm because we lack 
empirically-derived relationships that describe how fish passage changes as a function of the culvert-
channel width disparity.  In fact, there are no empirical studies describing stream channel behavior in 
no-slope culverts and only one inconclusive study on stream channel behavior in stream simulation 
culverts (Barnard et al. 2015).  Hence, we do not fully understand how increases in the channel-culvert 
width disparity affect movement, scour, or aggradation of sediment and consequent fish passability.  
Lacking this knowledge, we cannot estimate the actual risk of undersized culverts due to climate change.  
There are two approaches for closing this knowledge gap.  The first is modelling stream flow and 
sediment transport in culverts (e.g., Rowley et al. 2014).  We have explored the acquisition and use of 
two-dimensional simulation models of sediment transport but currently lack funding to pursue such 
work.  The second approach is empirical study.  We are currently in the fourth year of long-term 
effective monitoring of recently installed no-slope and stream simulation culverts.  Some questions 
about the relationships between culvert width and sediment transport can be answered through long-
term monitoring. 


Improving Information on risk and cost  
The information we have developed for designing climate adapted culverts should be considered the 
best-available science on this issue.  However, we do not provide key information that many decision 
makers would like to have when considering the risk, cost, and trade-offs associated with climate-
adapted culvert design.  As explained above, we have only a simplistic estimate for the cost of installing 
wider culverts and we cannot currently project the all ecological consequences of an undersized culvert.  
To address the former, we could develop cost estimates for a wide variety of culvert replacement 
situations.  To address the latter, computer modelling may be the best short-term approach.  We would 
like to tackle both tasks, but that is contingent upon funding.   
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Do NOT use for expedited rule making 


Agency: Washington Department of Fish & Wildlife (WDFW) 


Subject of possible rule making:  
 
The department is considering new rules to implement the Fishway, Flow and Screening statute (RCW 77.57), and the 2019 
Engrossed Substitute House Bill 1109 (Laws of 2019, chapter 415), which became effective on May 21, 2019.  


Statutes authorizing the agency to adopt rules on this subject:  
 
RCWs 77.04.012, 77.12.047, 77.57.010, 77.57.030, 77.57.040, 77.57.050, 77.57.060, 77.57.070, 43.05.100, and 43.05.120; 
ESHB 1109 (Laws of 2019, chapter 415)  


Reasons why rules on this subject may be needed and what they might accomplish:  
 
New rules are necessary to fully implement RCW 77.57, consistent with recommendations of the Southern Resident Orca 
Task Force. The ultimate goal of the new rules is to increase the availability of salmon for southern resident orcas. 
 
In November 2018, the Southern Resident Orca Task Force published its report identifying lack of prey as a key threat to 
Southern Resident Orcas. Contributing to this threat are development activities and fish passage barriers like impassable 
dams, tide gates, screens, and culverts that have reduced habitat available for salmon and forage fish.  
 
Recommendation three of the report endorsed agencies to apply and enforce laws that protect habitat. Specifically, the task 
force noted that the governor should direct WDFW to develop rules to fully implement RCW 77.57. 
 


Identify other federal and state agencies that regulate this subject and the process coordinating the rule with these 
agencies:  
 
WDFW is the sole authority regulating fishways and screening under Chapter 77.57 RCW, and the only state agency that 
regulates fishways and screening solely for the protection of all fish life.  
 
The U.S. Army Corps of Engineers, Washington Department of Ecology, Washington Department of Natural Resources, 
Washington State Parks, and local governments also regulate certain aspects of fishways and screening under their own 
authorities.  
 
The National Marine Fisheries Service and U.S. Fish and Wildlife Service regulate the “take” of threatened or endangered 
species listed under the federal Endangered Species Act.  
 
Tribes regulate fisheries and certain aspects of construction projects on tribal lands. State, federal, and local government 
entities will be invited to comment on draft rules during the rulemaking process.  
 
WDFW will conduct government-to-government consultation with tribes. 
 


Process for developing new rule (check all that apply): 


☐  Negotiated rule making 


☐  Pilot rule making 


☒ Agency study 


☒ Other (describe)       


Interested parties can participate in the decision to adopt the new rule and formulation of the proposed rule before 
publication by contacting: 
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Name: Gabrielle Stilwater Name:       


Address: PO Box 43200, Olympia, WA 98504 Address:       


Phone: (564) 999-0768 Phone:       


Fax: (360) 902-2946 Fax:       


TTY: (800) 833- 6388 TTY: (800) 833- 6388 


Email: FishPassageRules@dfw.wa.gov Email:       


Web site: https://wdfw.wa.gov/species-habitats/habitat-
recovery/fish-passage 


Web site:       
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