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Section 9 of 10. Project description

a. Abstract 
Restoration of habitat for juvenile salmonids migrating through the Lower Columbia River and the Columbia Estuary is an important component of regional salmonid recovery efforts.  The lower river and estuary provide refugia from predators, feeding grounds, and areas to transition physiologically from freshwater to saltwater and thus are critical areas in the migration corridor for all Columbia Basin anadromous fish, especially ocean-type listed as Threatened or Endangered.  In the last 100 years, the amount of available wetland habitat in this important region has decreased by as much as 75% from historical levels because of dike and levee building, hydrosystem operations, and other activities.  An effort to develop an ecosystem based approach to protecting existing habitat and restoring altered habitat has been initiated by LCREP in partnership with CREST and a long-term action plan developed.  The work to be accomplished under this project will continue this CREST/LCREP effort  and seek to institutionalize a habitat restoration program for the long-term.  It will also seek to establish a consistent approach to monitoring and evaluating habitat condition and project success by implementing a pilot project to develop habitat monitoring protocols for a variety of habitat types throughout the lower river and estuary.  The outcome of this project will be a coordinated, ecosystem based habitat restoration program focused on increasing the survival of juvenile salmonids and monitoring habitat project success over time.   In summary, the specific objectives of this project are to:  (1) establish a habitat restoration program for the lower Columbia River and estuary (Bonneville Dam to mouth of river), and (2) develop monitoring and evaluation protocols for the lower river and estuarine habitats.

b. Technical and/or scientific background
The Lower Columbia River and Estuary (Figure 1) is extremely critical to the viability of anadromous fish populations in the entire Columbia Basin (National Marine Fisheries Service 2001).  However, land use activities such as diking, filling, tidegate installation, and shoreline armoring have removed many of the shallow, peripheral wetlands and isolated the lower Columbia River from its floodplain.  In particular, historic wetland types such as emergent and forested wetlands have been greatly diminished.  (Historic records indicate this tidal swamps type habitat lost more than 23,000 acres from 1870-1980).  These wetland areas provide habitat connectivity and promote networks of physical complexity such as shallow, dendritic channels and backwater sloughs.   The loss of shallow wetlands may be of special significance to salmonids with ocean-type life histories that feed, rear, and seek refuge in estuaries for extended periods before migrating to sea. 

In addition to overall wetland loss, the oligohaline and brackish transition zone of the estuary has changed substantially over time due primarily to flow modifications.  This portion of the estuary is believed to be critical because of its role as a staging area for sub yearling salmon in their acclimatization to salt water (National Marine Fisheries Service 2001).   Examples of areas in the oligohaline zone include sites between Tongue Point and Horseshoe Island including the sub-areas of Cathlamet and Grays Bay (Figure 1)  

Although there is no disputing that suitable habitat for anadromous fish, especially ocean-type salmon that utilize shoreline and shallow water habitats, has diminished in the Lower Columbia River from Bonneville Dam through the Columbia Estuary, the impacts of this change and loss of habitat on juvenile salmonids are not well understood.  This is one of the key reasons why an effective, ecosystem based habitat restoration program for the lower river and estuary does not exist today.  Past lower river and estuarine habitat projects, although well intentioned, have not been ecosystem based, have not been focused on salmon, and have not been monitored.  Not only do we suffer from a lack of basic understanding on salmonid/ecosystem relationships but from a lack of agreed upon protocols for how to measure habitat condition and function that would provide consistency for comparing results spatially and temporally.  Ongoing research work is beginning to address the complex relationships between juvenile salmonids and the estuary but many years of work are still needed.  This proposal would establish a broad based collaborative partnership to coordinate habitat restoration and implement a pilot study to develop habitat monitoring and evaluation protocols specific to the lower Columbia River and estuary.

In the 25 years since the lower Snake River hydroelectric projects were completed, much effort has been expended to improve passage conditions for juvenile and adult salmon and steelhead in the mainstem Columbia and Snake rivers, especially at the dams, but little work has occurred in the lower river or estuary.  While protection measures at the dams are essential, a holistic view of salmon and steelhead life history is necessary for recovery of listed populations (Lichatowich 2000) ).  Recent modeling studies, in fact, suggest that estuaries are a key to salmonid survival and must be a focal point for salmon recovery in the Columbia Basin (Kareiva et al. 2000.)  The ISAB (2000), the Northwest Power Planning Council (Council 2000), the Tribes (Nez Perce et al. 1995), and the National Marine Fisheries Service (NMFS 2000) all recommend that salmon recovery efforts include the Lower Columbia River and Estuary. 
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Figure 1.  Lower Columbia River and Columbia Estuary.

For restoration projects on the lower Columbia River, the fundamental questions are: 1) “How will we identify appropriate restoration projects when faced with limited knowledge?’ 2) “Will the restored system significantly increase the survival of salmon?” and 3) “Can the changes be measured?’  In developing ecological assessment criteria to identify and evaluate salmon habitat restoration projects, Simenstad and Cordell (2000) advocated the use of measures directly relatable to the ecological and physiological responses of juvenile salmonids to restored habitats.  They proposed the use of three categories of assessment measures – capacity, opportunity, and realized functions. 

Capacity metrics include habitat attributes that promote juvenile salmon production through promotion of foraging, growth, growth efficiency, and/or decreased mortality (Simenstad and Cordell 2000).  The capacity category is an extension of the ecological concept of carrying capacity.  Examples of capacity metrics include the productivity and density of prey, physical and chemical conditions that promote high assimilation efficiencies, and structural conditions that provide protection from predation.  

Opportunity metrics appraise the ability of salmon to access and benefit from the habitat’s capacity (Simenstad and Cordell 2000).   Opportunity incorporates the principles of landscape ecology (Forman and Godron 1986).  Examples of metrics include tidal elevation of feeding habitats, extent of morphometric features such as habitat edge length, as well as refugia (such as low tide deep-water refuges) from predation.  

Finally, realized function metrics include any direct measures of physiological or behavioral responses that can be attributable to fish occupation of the habitat and that promote fitness and survival (Simenstad and Cordell 2000).  Survival is the ultimate metric, but related metrics include habitat-specific residence time, foraging success, and growth.  

Using these metrics, a capacity-opportunity-function model (Table 1) has been developed.  This model follows the conceptual model outlined by Williams and Thom (2001) for assessing the effects shoreline armoring in estuaries on ecological conditions.  This model states that ecosystem functions are correlated with habitat structures, which are dependent on physical and chemical controlling factors (e.g., current, waves, tides, solar irradiance).  Habitat structure can be impacted directly by alteration in habitat forming processes, such as flooding.

Table 1.  Category of metrics used to assess effects of restoration actions on salmonid growth and survival.

	Category
	Potential Effect
	Potential Relevance to Salmon

	Capacity
	Altered habitat type

Altered habitat forming processes

Altered habitat production


	Change in prey species

Change in prey production

Change in prey abundance

Change in prey distribution

Change in predator abundance

	Opportunity
	Altered access

Altered migration route

Altered habitat size

Altered habitat location

Altered refugia from predators
	Change in ability to find prey

Change in rate of migration

Change in predation rate

	Realized Function
	Altered residence time

Altered foraging success
	Change in growth rate and survival




Direction for restoration is provided by using a developing but limited understanding of salmonid use of estuarine systems along with the knowledge that much of the habitats important to salmonids have been lost or degraded.  However, because of our limited understanding, identification and prioritization projects that will provide the best opportunity to restore ecosystem functions remains problematic.  With this in mind, the Lower Columbia River Estuary Partnership (LCREP or Estuary Partnership), the Army Corps of Engineers, American Rivers, and the Columbia River Estuary Study Taskforce (CREST) sponsored a habitat workshop in June 2001 for more than 100 habitat scientists and practicioners.  The purpose of the workshop was to look at the current information on salmonid use of habitat in the lower river and to make a best judgment call on as the basic criteria to be used to evaluate and prioritize possible habitat restoration projects.  Participants in the workshop identified and tested the following criteria on two existing project sites in the lower river. 

· Habitat connectivity to ensure linkages between habitat areas that provide a variety of functions for species at various points of their life cycle

· Areas of historic habitat loss such as emergent and forested wetlands which promote networks of physical complexity such as shallow, dendritic channels and backwater sloughs. 
· Linkages to reference sites which will allow for the determination of the effectiveness of restoration activities.  

· Passive habitat restoration of over habitat creation to minimize the uncertainty of ecological consequences. 

· Monitoring and evaluation. (see section on objectives, tasks, and methods for explanations) (COE et al. 2001).  

· Community support and participation to ensure long term success.  

The criteria lay the groundwork for a basic decision making process.  Once a project has been identified, the general approach developed by Shreffler and Thom (1993) for designing restoration projects in Pacific Northwest estuaries can be applied.  This approach has also been used as the basis for a growing number of large scale restoration efforts nationally including restoration of the Mississippi Delta wetlands, and the Florida Everglades (Thom 1997). The approach based on landscape ecology principals contains the following fundamental components:

· A clear goal statement

· A conceptual model of the system

· An understanding of the degree of disturbance on landscape and local scales relative to the site considered for restoration

· The degree of action needed to restore the site.

To date, the development of restoration sites within the Columbia Estuary and Lower Columbia River has not been systematically approached.  Previous habitat restoration efforts in the lower river and estuary provinces have been primarily opportunistic in nature.  This existing somewhat "bottom-up" approach has not been focused on the overall ecosystem nor has it had the “salmon” perspective of habitat restoration leading to a connected migration corridor at the landscape level.  

The groundwork for changing this current state of affairs has been laid.  Our proposal represents the continuation and expansion of a broad-based, organized effort started by the Estuary Partnership to identify and implement actions beneficial for overall lower river and estuary ecosystem and, hence, for all populations of salmon and steelhead that use this critical migration region, including species listed under the Endangered Species Act.  Such an ecosystem-based, "top-down" approach to provide overall structure and an ecosystem perspective in conjunction with a "bottom-up" approach for identifying individual projects is the basic strategy for habitat restoration we embrace in this proposal.  

Several stumbling blocks have until now prevented development of a formal restoration program for the lower river and estuary.  These include: 

1. A poor basic understanding of lower river and estuary ecosystem functions, particularly relative to salmonids.

2. Incomplete data on quantity and quality of existing habitat. 

3. A lack of accepted project selection criteria, which until recently, caused confusion when it came time to evaluate the value or significance of a restoration project relative to the ecosystem and the needs of listed species. 

4. No coordinating framework, management structure, and mutually-agreed upon goals thus making it hard to bring stakeholders together in a meaningful fashion. 

5. No agreement on how to monitor habitat and no baseline habitat data thus making it difficult to characterize temporal changes and impossible to evaluate restoration project success.  

6. Insufficient resources to implement restoration projects.  

This proposal addresses issues  4, and 5.  It addresses number 4 by establishing  a comprehensive, landscape/ecosystem-based collaborative partnership within which to identify, prioritize, implement, and evaluate habitat restoration projects in the long-term.  It addresses number 5 by initiating a pilot habitat monitoring project to develop monitoring protocols that  will used to set up a systematic habitat monitoring and evaluation program. 

In addition, there are other activities outside of this proposal that are addressing the remaining stumbling blocks.   Those activities include:  the National Marine Fisheries Service research on juvenile salmonid use of the estuary (NMFS 2001 and project proposal 30001) which addresses issue number 1; the Estuary Partnership’s project to develop high resolution habitat maps and data sets of the lower river and estuarine habitat which addresses issue number 2; the habitat criteria developed during the June 2001 habitat workshop that addresses issue number 3; and as the habitat projects proposed under the Lower Columbia River and Columbia Estuary solicitation (proposal 30016) address number 6.  This ongoing work when combined with the elements of this proposed project will provide the framework to implement an effective, systematic habitat protection and restoration program.

In summary, a systematic approach that uses the best available understanding of the ecosystem and its relationship to salmonid use is critical to the implementation of an effective and prudent restoration program in the lower Columbia River and estuary.  The proposed LCREP/CREST project in conjunction with other ongoing work helps ensure the implementation of successful projects that will provide the maximum benefit to all salmonid species that transit the lower river and estuary.  Clearly there is an opportunity now to better understand these relationships and to protect and restore this critical area of the river in a systematic, ecosystem based manner.  The lower river and estuary may well be the one place in the entire system where habitat improvements will positively affect salmonids basin wide.

c. Rationale and significance to Regional Programs
All current regional salmon recovery programs for the Columbia Basin recognize that a comprehensive program for habitat restoration and its implementation in the Lower Columbia River and Estuary will be integral to recovery and enhancement of salmon and steelhead populations (Nez Perce et al. 1995, Council 2000, and NMFS 2000).  For example, the habitat restoration project we propose is entirely consistent with the vision statement of the Council’s 2000 Fish and Wildlife Program, “Wherever feasible, this program will be accomplished by protecting and restoring the natural ecological functions, habitats, and biological diversity of the Columbia River Basin.”  In addition, the ISAB (2000) said, “The ISAB strongly recommends that the Council recognize the potential value of the estuary to the Fish and Wildlife Program…”  

In the document “Future Needs: Priorities for the Mainstem/System-wide Fish and Wildlife Program Solicitation,” this proposal directly addresses the following action item that received a “1” funding priority ranking:  “ support the LCREP plan to monitor and restore habitat in the Columbia River Estuary.” The proposal partially addresses two other action items that received “1” funding priority rankings:  “adopt an ecologically-based framework for estuarine, plume, and ocean management and habitat restoration/conservation;” and “conduct monitoring of individual projects and as well as a system-wide assessment of the overall ecosystem of the lower Columbia River and estuary, plume, and ocean.”

In the subbasin summary (Marriott et al. 2001), habitat restoration in the lower river and estuary was recommended by numerous contributors to the summary.  In particular, Actions 2,3, 5 and 6 of the Lower Columbia River Estuary Partnership’s Management Plan (CCMP) are addressed by this proposal.  Those actions call for the following:

Action 2:  “Protect, conserve, and enhance identified habitats, particularly wetlands, on the mainstem of the lower Columbia River”. This action calls for institutionalizing habitat protection as proposed in this project. 

Action 3:  “Adopt and implement consistent wetland, riparian, and instream habitat protection standards to increase the quality and quantity of protected habitat to protect aquatic species”  The action calls for the adoption of  habitat protection protocols, including standards for monitoring mitigation projects.  This directly relates to developing methods to monitor habitat condition as called for in the proposal.

Action 5:  “Restore 3,000 acres of tidal wetlands along the lower 46 miles to return tidal wetlands to 50 percent of 1949 levels.”  The project would provide the framework for implementing this action. 

Action 6:  “Monitor the effectiveness of habitat protection, restoration, and mitigation projects.”  This action calls for establishing a team of experts to ensure projects are monitored for effectiveness and adequately maintained over time.  It also calls for developing criteria (including indicator species and best assessment tools) for evaluating the effectiveness of habitat protection, restoration, and mitigation projects.
This project also specifically and directly addresses Reasonable and Prudent Alternatives Actions (RPAs) 160, 161, and 163 in NMFS Biological Opinion (NMFS 2000).  

Action 160: "The Corps and BPA, working with LCREP, shall develop and implement an estuary restoration program with the goal of enhancing and protecting 10,000 acres of tidal wetlands and other key habitats over 10 years, beginning in 2001, to rebuild productivity for listed populations in the lower 46 river miles of the Columbia River.  The Corps shall seek funds for the Federal share of the program, and BPA shall provide funding for the non-Federal share.  The Action Agencies shall provide planning and engineering expertise to implement the non-Federal share of on-the-ground habitat improvement efforts identified in LCREP, Action 2."  

Action 161: “Between 2001 and 2010, the Corps and BPA shall fund a monitoring and research program acceptable to NMFS and closely coordinated with the LCREP monitoring and research efforts (CCMP Management Plan Action 28) to address the estuary objectives of this biological opinion.”  

Action 163:  “The Action Agencies and NMFS, in conjunction with the Habitat Coordination Team, will develop a compliance monitoring program for inclusion in the 1 and 5 year plans.”  

In addition to the above Actions, the proposal will be coordinated directly with RPA Action 159 which calls for the Corps and BPA to develop a restoration plan.  That effort is now under development and will be completed in time to ensure this project is consistent with the overall restoration plan.  

This project will result in a coordinated and systematic habitat restoration program with a sound scientific basis to select, implement, and evaluate habitat restoration work.  The project will also implement a pilot habitat monitoring project that will lead to the development of habitat monitoring protocols.  The protocols will be used to systematically monitor and evaluate habitat projects and monitor change over time.  The restoration program for the lower river and estuary will take advantage of the Estuary Partnership's and CREST's broad base of regional support and their proven capability to facilitate meaningful participation of all stakeholders.

d. Relationships to other projects 
This project is a continuation of a joint CREST/LCREP habitat restoration project and a direct outgrowth of the LCREP CCMP (see Section e. Project History).  It is related to ongoing research, restoration projects currently prioritized or underway, and potential future projects related to RPA Actions in NMFS (2000) (Figure 2).  NMFS, in cooperation with the University of Washington and the Oregon Graduate Institute (OGI), is performing basic research on salmonid usage and ecological linkages in estuarine habitats (funded by Corps of Engineers).  This research will provide fundamental information to develop guidelines for design and implementation of restoration projects in an ecologically-based manner.  Other related research includes the evaluation of spawning habitats for fall chinook and chum salmon below the four lower Columbia River dams by the Washington Department of Fish and Wildlife.  

This project is also directed related to a project sponsored by the Estuary Partnership to develop highly detailed habitat maps in GIS format of the lower river and estuary using satellite imagery, hyperspectral imagery and on the ground field surveys.  The maps and detailed habitat data developed from this project will provide the basis for identifying protection and restoration sites, suitable habitat monitoring sites, and developing indicators of habitat condition.  The first part of the project funded by Estuary Partnership was completed in 2000.  It entailed developing the habitat maps from satellite imagery and obtaining hyperspectral images of the estuarine portion of the river.  The second part using funds from NWPPC and the Corps flew the rest of the river in 2001 and will analyze the tremendous volumes of data collected over the past two years to develop detailed assessments of habitat condition at several key sites along the river from the mouth to Bonneville Dam and of the entire river shoreline
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Figure 2.  Relationship among elements in the habitat restoration program for the Lower Columbia River and Estuary.  Bolded functions are part of this proposal.

e. Project history
Although this would be a new Council project, habitat restoration in the lower river and estuary has a long but fragmented history composed of a series of unrelated, opportunistic projects.  The concept of using an ecosystem approach to habitat restoration is relatively new to the lower river and estuary.  It is rooted in the Comprehensive Conservation and Management Plan (CCMP) (Estuary Partnership 1999a) and the work of NMFS (NMFS 2001).  The CCMP is an ecosystem protection and enhancement plan.  It does not focus on any one organism such as salmon; it was meant to be all inclusive.  Since the listings under the Endangered Species Act of 12 species of Columbia River salmon, the Estuary Partnership has worked closely with NMFS, Corps of Engineers, BPA, Lower Columbia Fish Recovery Board, USFWS, NWPPC, and the salmon teams of both Governor Kitzhaber and Governor Locke to ensure that the CCMP meets at least in part the needs of salmon recovery for the lower river and estuary.  An ESA Executive Committee was established by the Estuary Partnership with the above parties in late 2000 and it continues to meet on a regular basis to ensure that all parties communicate regularly, coordinate and address mutual issues related to salmon recovery on the lower river and estuary.  This committee suggested a few minor adjustments to the CCMP in the spring of 2001.  The CCMP is generally accepted as the salmon recovery plan for the lower river.  Action 2 and 5 of the CCMP directly relates to habitat restoration and Actions 3 and 6 relate to habitat monitoring and evaluation.  

For the past year, the Estuary Partnership and CREST have partnered on a project to develop scientific criteria for evaluating proposed habitat protection and restoration projects and developing a list of potential projects that meet the criteria and can be used to seek funding from various sources.  This proposal continues this work and institutionalizes it into comprehensive habitat restoration program.  Because of their role in this preliminary work,  the Estuary Partnership and CREST are uniquely positioned to implement the Council's subbasin approach.

Activities relevant to habitat restoration in the lower river and estuary have been already been accomplished.  In the late 1970s and early 1980s, the Columbia River Estuary Data Development Program (CREDDP) characterized ecosystem components and dynamics in the estuary (CREDDP 1984).  The Bi-State Study Water Quality Study provided a comprehensive water quality survey of the lower river and estuary and the impetus for LCREP (Tetra Tech 1996).  The CREST Habitat Restoration Site Inventory (a project funded by LCREP) provides a spatially referenced database on potential restoration sites in the lower river and estuary (CREST and Estuary Partnership 2001).  This database will be an important resource of restoration planning proposed herein.  The Estuary Partnership Habitat Mapping Project (described in the previous section)  using hyperspectral imagery is ongoing.  The USACE Expedited Reconnaissance Study is investigating appropriate restoration actions for the estuary (COE 2001).  In 1997, the Estuary Partnership established the Science Work Group, which brought together scientists and technical experts to provide oversight and advice to the Estuary Partnership regarding habitat restoration, monitoring, and data management in the lower river and estuary.  

In June 2001, participants communicated their various missions, projects, needs, etc. at a habitat workshop sponsored by the Corps of Engineers, the Estuary Partnership, CREST, and American Rivers.  A significant outcome from the workshop was that the participants agreed to basic habitat project prioritization criteria (COE et al. 2001).  Since then, the Science Workgroup has evaluated potential projects, applied the new criteria to them, and agreed that there are valuable projects to seek funding for.  Of the projects identified, six are included in this proposal (see section below on objectives, tasks, and methods).  The prioritization criteria, which are largely landscape-based, provide an initial step toward a full and quantifiable approach to select and prioritize restoration sites.  Thus, there is a strong momentum for real accomplishment in estuarine and lower river habitat restoration.  What is needed is funding to establish a comprehensive program, develop monitoring and evaluation protocols, and then use the new program to identify partners, build support in local communities, develop restoration plans, obtain project funding, implement projects, and monitor and evaluate them.

f. Proposal objectives, tasks and methods
For the past year, LCREP has contracted with CREST using CWA Section 319 funding to work with local communities to identify and build support for scientifically defensible habitat restoration projects.  The 319 funding, now nearly depleted, has laid the groundwork for the work in this proposal.  The project will expand this LCREP/CREST collaborative effort into a habitat protection and restoration program for the lower Columbia River and estuary.  It will rely on their proven strategy of building community support from the "ground up" and implementing locally-supported and scientifically-sound projects and on their reputations as objective bi-state entities that are driven by the desire to do what is best for the lower river and estuary ecosystems.  Two major objectives are proposed for this project.  Objective 1 one specifically addresses Action 2 in the CCMP (Estuary Partnership 1999a) -- "Protect, conserve, and enhance identified habitats, particularly wetlands, on the mainstem of the lower Columbia River".  Objective 2 specifically addresses Action 6 of the CCMP -- “Monitor the effectiveness of habitat protection, restoration, and mitigation projects.”   The ultimate goal of this project is to increase survival of all Columbia basin juvenile salmonids, especially ESA-listed fish with ocean-type life histories, by improving habitat conditions and, thereby, ecosystem functions in the Lower Columbia River and Estuary.  Under each objective below, we describe associated tasks and methods.  

Objective 1: Establish a comprehensive habitat restoration program for the Lower Columbia River and Estuary.

Task 1.1: Refine and expand the habitat restoration program plan outlined in Action 2 of the CCMP and currently under development by LCREP and CREST. 

This task comprises development of systematic and scientifically defensible approach to identifying and prioritizing restoration opportunities in the system.  As an outgrowth of Action 2 of the CCMP (Estuary Partnership 1999a), we propose to follow the general approach to planning a typical aquatic habitat restoration program, which is based on principles and recommendations put forth by the National Research Council (1992) and the Institute for Water Resources (Thom and Wellman 1996).  The steps or components of the process include the following:

· A habitat conservation and restoration vision for the lower river and estuary

· A clear goal statement relative to this vision

· A conceptual model illustrating the best understanding of how, where and why salmon use the system

· Description and definition of properly functioning conditions for the estuary (see companion proposal for habitat monitoring by the Estuary Partnership)

· Development of an understanding of the conditions that have changed in the system and their effect on habitat capacity, opportunity and realized function for salmon (see related proposal for basic research by NMFS et al.)

· Development and refinement of criteria for determining the priority for selecting sites and restoration opportunities

· Development of project sites and project types that would best restore lost or degraded functions

· Development of a list with descriptions of potential restoration projects and sites (currently in draft)

· A review of how these sites fit within the criteria (already underway)

· Refinement of restoration projects with high priority including schedules, costs, performance criteria and a monitoring and adaptive management program.

The Conceptual Model of the Columbia River Estuary recently developed by Battelle Marine Sciences Laboratory (2001) can be used to provide an initial framework for setting the restoration agenda.  Workshops and other outreach activities would be used to enlist support from the various local and regional stakeholders and build a strong coalition of partners.

Task 1.2: Develop program management infrastructure.

Concurrent with the implementation of Task 1.1, LCREP would expand its program management infrastructure to include: a habitat restoration program coordinator to oversee the work under this project; a habitat specialist to pursue habitat project development; a technical assistant; and a .5 office clerical.  A portion of the staff would be housed at CREST in Astoria to ensure a close working relationship with the lower river community.  The staff would build on and expand existing relationships and implement the elements of Task 1.1.  A reporting system would be instituted to assure efficient, cost-effective implementation of the program.  This work of this program will be coordinated with and linked to the ERIC (Ecosystem Restoration Information Center, project number 30015 from the Columbia Estuary solicitation) database.  ERIC will be designed to support habitat restoration and salmon recovery efforts in the lower river and estuary by providing ready access to such things as habitat maps, interpretation of complex hyperspectral data, physical, chemical, biological, hydrographic and bathymetric in raw and processed forms and project specific information.  ERIC will be an important component of the infrastructure for the habitat restoration program.

Task 1.3: Project Identification and Selection.

Refinement of the criteria for selection of restoration projects can be accomplished using the conceptual model and the output of the June 2001 workshop (COE et al. 2001).  In this task, project staff in coordination with the Estuary Partnership Science Work Group will identify potential projects using an ecological framework based on best available knowledge, the latest research and monitoring data, and the most recent habitat maps from the Estuary Partnership habitat mapping project nearing completion.  Then, the project team will apply prioritization criteria, select priority projects, determine local buy-in, and decide whether there is support and justification to move forward.  Various watershed assessments will also help guide selection and design of restoration projects (e.g., Portland State University 2001, Scappoose Bay Watershed Council 2000, E&S Environmental Chemistry 2000abc).  The following criteria from the June 2001 Workshop will be the basis for initial project prioritization. 

· Connectivity – will restoration of this habitat improve ecosystem connectivity?

· Historic Loss – historically, what proportion of this type of habitat has been lost?

· Reference Site – is there an appropriate reference or control site nearby for proper monitoring and evaluation?

· Passive – will restoration be passive?

· M&E – will adequate M&E studies be possible?

· Support – is there local, regional support for the project?

Task 1.4: Develop guidelines on how to implement habitat restoration projects in the Lower Columbia River and Estuary.

Although it is clear that long-term habitat restoration in the lower river and estuary is necessary and there are ongoing projects worth pursuing, it is less clear on how to carry out and monitor and evaluate restoration in an ecologically meaningful and effective manner.  The work in this task will be an outgrowth of studies by others on juvenile salmonid habitat usage in the lower river and estuary and M&E protocols developed concurrently through Objective 2  The habitat usage research is intended to provide data on the linkages between habitat features and juvenile salmonid growth, survival, and migration behavior.  The monitoring and evaluation protocols developed under Objective 2 of this proposal would be incorporated into the guidelines once tested and accepted.  Using information from these projects, we will develop ecologically-based guidelines on how to restore and monitor and evaluate habitats for ESA-listed and other species of interest in this study area.  The outcome of this task will be a document with guidelines for the user to design restoration projects from implementation to monitoring and evaluation on a site-specific basis.  The restoration guidelines document will be incorporated into the overall restoration program.

Task 1.5: Oversee implementation, monitor, evaluate, and report results.

The purposes of this task are to:  (1) design the project-specific implementation plan using the guidelines discussed above; (2) procure and implement the restoration work; (3) oversee its progress; (4) write a monitoring and evaluation plan (actual project-specific M&E will occur during implementation of Objective 2); and (5) report success from an ecological perspective.  Projects will be implemented in an adaptive management framework so that as we assess project effectiveness, it may be modified if needed to improve success.  We will report progress and status of this habitat restoration program through an annual program report and quarterly progress reports.  Senior staff of the Estuary Partnership, with support from the Science Workgroup, will oversee the work of the program.  While the project is ongoing, the Estuary Partnership and its partners will seek support for a long term estuary restoration program. 

Expected Products
The products expected from Objective 1 include:

1. Program plan document

2. Program management infrastructure

3. Revised, quantifiable project selection/prioritization criteria

4. Document with guidelines on how to perform restoration

5. Program monitoring and evaluation plan

6. Annual and quarterly program progress reports

Objective 2:  Implement a pilot program to develop habitat monitoring protocols for assessing habitat condition to meet long term monitoring needs and support project specific monitoring and evaluation (M & E) requirements for habitat restoration.

Discussion:  The Estuary Partnership will implement a pilot project to develop protocols, procedures, and indicators for measuring habitat condition, particularly habitats important for juvenile salmonids.  The project will be coordinated through the program established in Objective 1 and in collaboration with CREST and the Science Work Group.  The Estuary Partnership will hire a consultant team with specific habitat expertise and set up a technical subcommittee of the Science Work Group to work with the consultant team to develop the methods, critique and test the methods, assess the results, and determine how and where to implement a habitat monitoring program for the lower river and estuary.  The technical subcommittee will review the data on a periodic basis and critique the progress of the work as well as recommend possible research studies to address key questions as they arise.  

In developing habitat monitoring protocols the consultant team will conduct an extensive search of the existing literature.  The recent work of Simenstad and Cordell (2000) will provide important guiding principals for the technical team.  They advocate the use of measures directly relatable to the ecological and physiological responses of juvenile salmonids to restored habitats and propose the use of three categories of assessment measures – capacity, opportunity, and realized functions (described in Part b. of this proposal).   

This work along with research by others such as the Williams and Thom (2001) opportunity model also described in Part b. will be applied system wide to develop appropriate protocols for monitoring habitat for long term trends and for project specific restoration monitoring and evaluation requirements and to support the habitat restoration program envisioned in a second proposal.  

Task 2.1:  Develop draft protocols, procedures, and biological indicators specific to the lower Columbia River and estuary for assessing the condition of habitats believed to be important for the survival of juvenile salmonids.  The protocols should include habitat types believed to be important to salmonids such as forested wetlands, and shrub/scrub habitats.  

Methods:  The Estuary Partnership in consultation with the Science Work Group will develop a scope of work, publish an RFP and hire a consultant team with specific habitat assessment expertise to take the lead in developing the protocols.  The consultants will conduct an extensive literature review to evaluate any existing protocols such as the HGM method for wetlands and others as appropriate and identify habitat types that are not specifically addressed to include but not be limited to forested wetlands, and shrub/scrub habitat.  The consultants will interview habitat experts to ascertain their best professional judgment on habitat monitoring needs, possible indicator species, and possible methods.  The Estuary Partnership together with its Science Work Group will set up a subcommittee to work with the consultant to develop the test protocols and identify possible pilot project locations.  Advisors to that group will include:  Dr. Ron Thom from Battelle and Charles “Si” Simenstad from the University of Washington. (see attached resumes under Section 10).   The draft protocols should include: 

· Representative vegetative types

· Indicator species for fish and macroinvertebrates

· Basic water quality parameters (DO, pH, conductivity/salinity, temperature,turbidity)       

· Basic physical parameters (flow, tidal stage, sediment type)  

The Estuary Partnership and the Science Work Group will sponsor a workshop for habitat scientists to solicit feedback on the draft protocols.  The protocols will be adjusted accordingly.

Task  2.2:  Implement a pilot program that tests the protocols for important salmonid habitat.

Methods:  The consultants will utilize the latest Estuary Partnership habitat mapping data to identify possible test sites and conduct field survey of sites and select one or more for each habitat type subject to the review and approval by the technical work group.  The consultants in consultation with the technical subcommittee will develop a seasonal sampling plan for selected pilot projects (at least one pilot per key habitat type).  The consultant team will implement a one year pilot program.   Oversight and support will be provided by the Science Work Group and its technical subcommittee.   After one year of sampling, the technical subcommittee will review data and recommend adjustments to the protocols as appropriate.

Task 2.3: Based on the results of the one year test, the consultant team will develop a plan for monitoring of selected reference sites and implement a 2 year habitat monitoring effort to further refine the protocols and determine their effectiveness as M and E tools.  The feasibility and need for implementing a long term habitat monitoring program will also be determined.  
Methods:  The consultant team in coordination with the technical subcommittee will identify possible reference sites and habitat restoration project specific evaluation sites to ensure applicability of the protocols to project specific M & E requirements.  The consultants will implement a two year habitat sampling program at selected reference sites and habitat project sites and report on the results at the end of two period. 

Task 2.4:  The consultant team in coordination with the technical subcommittee will evaluate the results of that monitoring after two years and recommend future actions to include the establishment a long term habitat monitoring network and institutionalizing standard procedures for monitoring habitat projects.  The Estuary Partnership and its partners will seek support and funding for a long term habitat monitoring program.
Expected products:

1. A published set of lower Columbia River and estuary habitat monitoring protocols to include indicator species where appropriate.

2. A report describing in detail the results of the pilot studies with recommendations for future actions. 

 Possible Project partners:  Estuary Partnership, CREST, USFW, NMFS, ODFW, WDFW, USACE, Sea Resources, Lower Columbia Fish Recovery Board, local watershed councils, WRIAs, and others.

g. Facilities and equipment
The Estuary Partnership and CREST have been conducting work toward habitat restoration in the Lower Columbia River and Estuary for many years.  We have the capability to expand our existing infrastructures to meet the needs of this project.  We have access to boats, survey equipment, computers, and other tools, although a limited amount of additional equipment may need to be purchased.  We have a network of partners to assist us as necessary.  Partnering is a fundamental advantage of our strategy to restore lower river and estuary habitat. 
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Section 10 of 10. Key personnel

Key personnel on this project will be Bruce Sutherland (0.2 FTE), Program Scientist for the Estuary Partnership, and Allan Whiting (1.0 FTE), Wetlands Coordinator for CREST.  Bruce and Allan will be supported closely by the Estuary Partnership's Science Workgroup.  In addition, the Estuary Partnership plans to hire a restoration program coordinator (1.0 FTE).  Dr. Ron Thom and Gary Johnson of Battelle will be available as subcontractors.

RESUME -- BRUCE SUTHERLAND  

EDUCATION


B.S.  University of Washington,  1969



Major:  Biological Oceanography


M.S.  Oregon State University,  1983



Major:  Marine Resource Management 



Minor:  Business Management

EXPERIENCE

1.  Oregon Department of Environmental Quality  - 811 S.W. 6th   Portland, OR. 97204

TITLE:  Program Scientist for Lower Columbia River National Estuary Program

DATES:  April, 1997 to present

RESPONSIBILITIES: 

Developing and implementing a long term aquatic ecosystem monitoring strategy for the lower Columbia River. 

Developing a set of environmental indicators to track trends in the river health.

Developing habitat protection and restoration strategy 

2.   Washington Office of Marine Safety -  711 State Street,  Olympia, WA .98504

TITLE:  Policy and Planning Division Director

DATES:  April 92 to June 95    

RESPONSIBILITIES:  Managed the Policy and Planning Division responsible for developing agency policies, procedures and rules designed to promote maritime safety and prevent oil spills in marine waters. 

3.    Oregon Dept. of Environmental Quality - 811 .S.W. 6th  Portland, OR...97205

DATES: Feb. 1975 - April 1992 

A.  From April 90 to April 92

TITLE:  Principal Environmental Analyst/Oil Spill Program Coordinator

RESPONSIBILITIES: Supervised the development and implementation of Oregon’s oil spill prevention and response program including the development of new rules and policies on response, program fees, contingency plan standards, and damage assessment.

B. From April 89 to April 90

TITLE:  Senior Environmental Analyst/Non-Point Source Specialist

RESPONSIBILITES:  Developed inter-agency agreements to implement states non-point source water quality management plan.

C.  From October 85 to April 89

TITLE:  Senior Environmental Analyst/SARA Title III Program Coordinator

RESPONSIBILITIES: Coordinated implementation of SARA Title III program and lead development of legislatively mandated statewide hazardous materials emergency response plan.

D.  From February 75 to October 85

TITLE: Aquatic Biologist

RESPONSIBILITIES: Planned, supervised and conducted comprehensive biological studies to determine the effects of pollutants on aquatic life.

RESUME -- ALLAN H. WHITING

SUMMARY OF QUALIFICATIONS

Extensive experience in rural community planning issues 

Effective project management and implementation skills

Trained in applied watershed science principles and GIS technology  

Cross-cultural experience with Latino communities

EDUCATION

M.C.R.P., Community and Regional Planning, University of Oregon, Eugene, OR

Coursework: Planning Analysis, Legal Issues, Watershed Science, Geomorphology (2), Hydrology, ArcView, ArcInfo, Principles of Applied Ecology

B.A. International Relations-Political Science and Latin American Studies, Beloit College, Beloit, WI 1992

RURAL COMMUNITY PLANNING EXPERIENCE

Rural Community Educator, U.S. Peace Corps Volunteer (1994-1996), Costa Rica, Central America

Worked for 2 years in a land-resettlement community addressing educational and infrastructural needs.  Designed and implemented pre-school and environmental education programs for two primary schools.  Developed curricula for adults in non-formal education environment that included a parenting class and exercises in pesticide safety.  Created and organized a woman’s group whose projects included a small business and construction of a women’s center. 

Land Use Consultant, Community Planning Workshop, University of Oregon (Jan.-June 1998)

Worked with a graduate student team assessing redevelopment potential of former timber mill.  Outcome included a formal feasibility analysis for the development of a Recreational Vehicle facility.

PROJECT MANAGEMENT AND IMPLEMENTATION EXPERIENCE

Wetlands Coordinator, Columbia River Estuary Study Taskforce (March 2001-present)

Prioritizing wetland restoration projects and effectiveness monitoring for tidally influenced wetlands of the  Columbia Estuary.  Project entailed project scoping, development, fundraising, and community outreach to multiple interests of the Lower Columbia River and Estuary.  

Project Manager, Applegate Watershed Council (1998-1999)

Lead a multiple party effort designing a collaborative process for local community members and national environmental groups. Organized three workshops identifying needs, concerns, and goals for action plan development.  Outcome lead to the drafting of a monitoring framework for Applegate community.  

Project Manager, Oregon Department of Environmental Quality (May 2000-March 2001) Worked with growing rural community in identifying and prioritizing watershed health related issues including water quality, flood management, and wetlands.   Collaborated with local leaders to generate community based solutions to problems through the development of partnerships and leveraging of financial resources. 

APPLIED WATERSHED SCIENCE PRINCIPLES AND GIS TECHNOLOGY

McKenzie, Long Tom, South Santiam, and N. Umpqua Watersheds (1998-present)
Designed a GIS-based database inventorying channel modification activities of the S. Santiam Watershed.  Created a geo-referenced database for water quality monitoring program of the McKenzie Watershed. Authored a grant piloting a GIS database targeting ecological restoration and land acquisition opportunities for the McKenzie Watershed Council and local land trust organization.  Authored a comprehensive Watershed Assessment describing historical and current conditions of a 6th field watershed.  Received certification in Army Corps of Engineers wetland delineation protocols.

ADDITIONAL EXPERIENCE 

Grant Writer/Project Design, McKenzie Watershed Council (January 2000)

Graduate Teaching Fellow, University of Oregon (fall 1999)

Library Assistant, Northwest Coalition for Alternatives to Pesticides, Eugene, OR (Sept. 1997-May 1998)

Teaching Assistant, Amazon Community Center.  (Spring 1997)

Executive Assistant, Minnesota FoodShare, Minneapolis, MN. (February 1994-August 1994)

Office Manager, Concord Coalition of Minnesota, Minneapolis, MN.  (June 1993-June 1994)

PERSONAL STRENGTHS

Collaboration ( Team Based Projects ( Watershed Planning( Community-Based Capacity Building

RESUME -- RON THOM

Title:  Senior Research Scientist V

Employer:  Battelle Marine Sciences Laboratory

Education / Certifications 

A.S.,
Natural Sciences, Long Beach City College, 1969

B.S., Biological Sciences, California State College, Dominguez Hills, 1971

M.S., Marine Algal Ecology, California State University, Long Beach, 1976

Ph.D., Fisheries, University of Washington, 1978

Expertise:  Dr. Ron Thom has over 30 years of professional experience as an algologist, wetlands ecologist, and fisheries biologist.  Dr. Thom's research includes benthic primary production; the effects of pollution on nearshore marine; habitat construction and restoration of marine and estuarine systems; effects of climate change on estuarine systems; and ecology of fisheries resources in nearshore systems.   

Responsibilities:  

Dr. Thom is overall Program Manager for the Washington State Department of Transportation Marine Biology Program, which has been ongoing since 1995.  This project was selected by the Federal Highway Administration for the “Environmental Excellence Award” for its evaluation of the effects of ferry terminals and conditions of light, depth, and disturbance on eelgrass.  Dr. Thom participates in the assessment of the effects of the deepening of the navigation channel in the Columbia River estuary.  He is developing a conceptual model of the estuary and an adaptive management program for restoration activities.  Dr. Thom is currently a member of the King County Nearshore Technical Committee, which is providing technical guidance to the Central Puget Sound Watershed Forum and WRIAs 8 and 9.  The Committee is looking at nearshore habitat and endangered species recovery issues and recommending studies of the nearshore environment to determine needed nearshore preservation, acquisition, and restoration projects.  In addition, Dr Thom also serves on the Nearshore PRISM working group.  This working group is providing research directions through the University of Washington for nearshore systems in Puget Sound.  Dr. Thom developed a training module for agency planners in which an adaptive approach to planning and management is used in restoration programs.  He has provided training on the planning, implementation and monitoring of coastal restoration projects to a wide variety of groups including NOAA scientists, Corps of Engineers planners, and New York State resource agency personnel. 

Previous Employment

1990 – present
Staff Scientist - Battelle 

1982 – 1990
Fisheries Biologist - University of Washington 

1980 – 1982
Fisheries Biologist - U.S. Corps of Engineers 

1978 – 1980
Fisheries Biologist - University of Washington 

1971 – 1974
Biologist- Los Angeles County 

Publications:

Thom, RM, GD Williams, AB Borde, JA Southard, SL Blanton, and J Cordell. 2001. "Habitat Mitigation Monitoring at the Clinton Ferry Terminal, Whidbey Island."  PNWD-3116.  Prepared for the Washington State Department of Transportation by Battelle Marine Sciences Laboratory, Sequim, Washington, and the University of Washington, Seattle, Washington.

Thom, R.M., 2000.  "Adaptive management of coastal ecosystem restoration projects."  Ecological Engineering 15(3-4):365-372.

Shreffler, D.K., R.M. Thom, A.B. Borde, W.W. Gardiner.  1999.  Impacts of Ferry Terminals on Migrating Juvenile Salmon:  Preliminary Findings of Diving and Light Surveys.  PNWD-2454.  Prepared for Washington State Department of transportation, by Battelle Marine Sciences Laboratory, Sequim, Washington.

Shreffler, D.K., C.A. Simenstad, and R.M. Thom.  1992.  "Foraging by Juvenile Salmon in a Restored Estuarine Wetland."  Estuaries 15:204-213.

Shreffler, D.K., C.A. Simenstad, and R.M. Thom.  1990.  "Temporary Residence by Juvenile Salmon in a Restored Estuarine Wetland."  Can. J. Fish. Aquat. Sci.  47:2079-2084.

RESUME -  Charles A. SIMENSTAD - Principal Investigator

Research Associate Professor - Coordinator, WETLAND ECOSYSTEMS TEAM 

School of Aquatic and Fishery Sciences, Box 355020, University of Washington 

Seattle, Washington 98195-5020 USA   (206) 543-7185, -4650; FAX: (206) 685-7471 

E-mail: simenstd@u.washington.edu 

Education

B.S., 1969, Fisheries, University of Washington 

M.S., 1971, Fisheries, University of Washington 

Thesis title: The feeding ecology of the rock greenling, Hexagrammos lagocephalus, in the inshore waters of Amchitka Island, Alaska. 

Positions Held

· Fisheries Biologist II-IV, Fisheries Research Institute, University of Washington, November 1972 to present; Coordinator, Wetland Ecosystem Team, August 1990-present 

· Affiliate Staff Scientist, Battelle Pacific Northwest Laboratories, 1994-present 

· Fisheries Biologist II, Fisheries Research Institute, University of Washington, 1971-1972 

· Research Assistant, Fisheries Research Institute, University of Washington, 1969-1971

Honors and Positions

1993 University of Washington, PSO Award for Excellence
1994 Fellow, American Association for the Advancement of Science
1998-2001 Estuaries Editorial Board; Associate Editor, Habitat Restoration and Wetlands 

Research Interests-Expertise

· Estuarine and nearshore marine ecosystem structure and dynamics, focusing on trophic interactions, especially those of detritus-based food webs; use of stable isotopes to trace trophic pathways 

· Estuarine ecology and life history diversity of juvenile salmonid fishes, and predator-prey interactions with selected prey organisms such as epibenthic harpacticoid copepods and gammarid amphipods 

· Coastal wetland restoration ecology; functional assessment of restored, created and enhanced wetlands 

· Coastal ecosystem management, with emphasis on watershed influences on estuarine processes 

· Community ecology of nearshore marine fish assemblages of the North Pacific, especially related to structuring influence of predators 

Principal Current Research Activities

Juvenile salmon rearing in Restoring Wetlands of the Salmon River Estuary: Functional Development with Age; February 1998-December 2003; joint Washington Sea Grant Program and Oregon Sea Grant Program; Principal Investigator with Jeff Cordell (UW) and Daniel Bottom (US Natl. Mar. Fish. Serv.); $341,123 [to be supplemented] 

LMER Research in the Columbia River Estuary: The Role of Estuarine Turbidity Maxima (ETM) Processes Coupling Watershed, Estuary and Ocean; September 1994-August 2000; National Science Foundation-Land-Margin Ecosystem Program; Principal Investigator (with D. A. Jay, D. J. Reed, J. A. Baross, F. G. Prall, L. F. Small, L. J. Bledsoe, and A. Baptista); $3,000,000 

Hood Canal and Eastern Strait of Juan de Fuca, Summer Chum Estuarine Investigation; May 1998-September 2000; Point-No-Point Treaty Council; Principal Investigator; $34,382 

Development of a Conceptual Model to Assess Estuarine Influence on Recovery and Resilience of Salmon Populations in the Columbia River; February 1999-October 2000; NOAA-NMFS; Principal Investigator, UW portion of larger inter-institutional study; $24,500 

Publications:  Charles Simenstad has over 200 publications in estuarine research 

RESUME -- GARY JOHNSON

Title:  Senior Research Scientist 

Employer:  Battelle Marine Sciences Laboratory

Education / Certifications 

M.S. Biological Oceanography, Oregon State University, 1981

B.A. Mathematics and Marine Biology, University of California at Berkeley, 1976

Expertise:  

Endangered salmonids, hydroacoustics, and juvenile salmon migration.

Responsibilities:  

Mr. Johnson has over 18 years experience in using hydroacoustics to study fish passage at dams and has performed hydroacoustic evaluations at power plants across the nation. He served as a fisheries biologist for the Bonneville Power Administration (BPA) before being hired at Battelle in 1994, where his work focused on the prototype surface flow bypass at Lower Granite Dam.  Mr. Johnson was a co-manager on projects involving the syntheses of hydroacoustic data from the forebays of Bonneville (1995-1998) and Lower Granite (1989-1995) dams.  He was also co-manager on major hydroacoustic studies involving the evaluation of the prototype surface bypass and collector (SBC) at the Lower Granite Dam, for which his area of emphasis was estimation of fish passage rates at the SBC, spillway, and turbine intakes, including fish guided and unguided by the extended-length bar screens.   Mr. Johnson was the technical manager for hydroacoustic monitoring and evaluation studies during the development of the surface flow bypass system at the Wells Dam from 1983 – 1992, which is arguably the most efficient smolt bypass in the basin.  Mr. Johnson has recently returned to Battelle and is currently serving out of Battle Ground, Washington, where he is in close proximity to clients in the lower Columbia River and Columbia River estuary regions.

Previous Employment  2001-Present:
Senior Research Scientist, Battelle Marine Sciences Laboratory, Battle Ground, WA

1998 –2001: 
Senior Research Scientist, BioAnalysts, Inc., Battle Ground, WA

1994–1998: 
Battelle Memorial Institute, Richland, WA

1992-1994: 
Fisheries Biologist, Bonneville Power Administration, Portland, OR

1982–1992:
Manager, Technical Services, BioSonics, Inc., Seattle, WA

Publications:

Johnson, G.E., N.S. Adams, R.L. Johnson, D. W. Rondorf, D.D. Dauble, and T.Y. Barila.  2000.  Evaluation of the prototype surface bypass for salmonid smolts in spring 1996 and 1997 at Lower Granite Dam on the Snake River, Washington. Trans. Amer. Fish. Soc. 129:381-397.

Skalski, J.R., G.E. Johnson, C.M. Sullivan, E. Kudera, and M.W. Erho. 1996.  Statistical evaluation of turbine bypass efficiency at Wells Dam on the Columbia River, Washington.  Can. J. Fish. Aquatic Sci. 53(10): 2188-2198.

Johnson, G.E., J.R. Skalski,. and D.J. Degan.  1994.  Statistical precision of hydroacoustic sampling of fish entrainment at hydroelectric facilities.  N. Amer. J. Fish. Man. 14(2): 323-333.

Thorne, R. and G. Johnson.  1993.  A review of hydroacoustic studies for estimation of salmonid downriver migration past hydroelectric facilities on the Columbia and Snake rivers in the 1980s.  Reviews in Fisheries Science 1: 27-56.

Johnson, G.E., C.M Sullivan, and M.W. Erho.  1992.  Hydroacoustic studies for developing a smolt bypass system at Wells Dam.  Fisheries Research 14: 221-237.
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