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a. Abstract 
The Mid-Columbia Coho Reintroduction Feasibility Study encompasses a vision of an optimistic future that may take many years to achieve, as well as short-term goals that will provide information to enable decision-makers to assess whether the vision is achievable.  The long-term vision for this program is to reestablish naturally reproducing coho salmon populations in mid-Columbia river basins with numbers at or near carrying capacity that provide opportunities for significant harvest for tribal and non-tribal fishers.  Mid-Columbia coho reintroduction is identified as a priority in the Wy-Kan-Ush-Mi-Wa-Kish-Wit document (Tribal Restoration Plan; CRITFC 1995).  The feasibility phase has two primary goals: 1) To determine whether a localized broodstock can be developed from Lower Columbia River coho stocks, whose progeny can survive in increasing numbers to return as adults to the mid-Columbia region; and 2) to initiate natural production in areas of low risk to listed species.  

The Mid-Columbia Coho Reintroduction Feasibility Study is centered on the development of a localized broodstock while minimizing potential negative interactions among coho and listed and sensitive species.  From its inception, monitoring and evaluation has been a critical element of the study.  We will monitor the project in terms of performance indices relating to:

( Hatchery and natural coho smolt production

( Relative survival differences between lower Columbia River transfers, localized broodstock, and naturally produced coho. 

( Ecological interactions with listed and sensitive species   

(Divergence between lower Columbia River hatchery stocks and program stocks in regard to genetic and life history characteristics

Project success will be defined in terms of the development of a localized broodstock, and increasing natural production with limited adverse impacts on listed and sensitive species.  Development of a localized broodstock will be monitored in terms of smolt-to-smolt survival, smolt-to-adult survival, and life history and genetic divergence from the parent stocks.  Natural production will be monitored in terms of natural origin recruits and its components (adult reproductive performance and survival from egg to fry, fry to smolt and smolt-to-adult).  Ecological impacts on listed and sensitive species will be assessed with indices of predation and competition. 

b. Technical and/or scientific background
Major tributaries to the middle reach of the Columbia River include the Wenatchee, Methow, and Entiat rivers.  The Wenatchee Subbasin encompasses approximately 1,371 square miles with 230 miles of major streams and rivers.  The subbasin drains a portion of the east Cascade Mountains in north central Washington within Chelan County.  A number of watersheds within the subbasin drain into the Wenatchee River, which in turn empties into the Columbia River at the City of Wenatchee.  The subbasin is bounded by the Entiat Mountains in the north and east, the crest of the Cascade Range to the west, and the Wenatchee Mountains to the south. 

The Entiat Subbasin is located along the eastern slopes of the Cascade Mountains within Chelan County in North Central Washington.  The Entiat River Subbasin is bounded on the north by the Chelan Mountains and on the south by the Entiat Mountains.  The river drains about 419 square miles and originates high in the Cascade Mountains, near Spectacle Buttes and Mt. Maude.  It flows southeast to its confluence with the Columbia River near the town of Entiat, about 20 miles north of Wenatchee.

The Methow Subbasin rests entirely within Okanogan County and includes within its geographic scope the towns of Carlton, Mazama, Methow, Pateros, Twisp, and Winthrop. At its furthest reach the Methow Subbasin extends about 68 miles from north-to-south and approximately 40 miles from east-to-west. The subbasin is bordered on the west by the Cascade Mountains, on the north by Canada, on the east by the Buckhorn Mountains and the Okanogan River drainage, and on its southern edge by the Columbia River and the Sawtooth Ridge. The Methow River flows southward from its headwaters on the eastern slopes of the Cascade Mountains, descending some 7,700 feet over the course of its 86-mile journey to the Columbia River before entering the Columbia (RM 524) immediately south of the town of Pateros, Washington. 

Four species of anadromous salmon, spring chinook (Oncorhynchus tshawytscha), summer chinook (Oncorhynchus tshawytscha), sockeye (Oncorhynchus nerka), and summer steelhead (Oncorhynchus mykiss) are present in mid-Columbia River tributaries.  Spring and summer chinook, and summer steelhead are present in the Wenatchee, Entiat, and Methow subbasins.  Sockeye Salmon are present only in the Wenatchee Subbasin. A number of other resident fish also occur throughout the three subbasins, including bull trout (Salvelinus confluentus), which are present in fluvial, adfluvial and resident life history forms.

The rivers of the Wenatchee, Entiat, and Methow subbasins historically were excellent salmonid producing streams.  However, by the 1930s, the anadromous runs were decimated because of over fishing in the lower Columbia River fisheries, irrigation diversion practices in the subbasin, and habitat degradation related to poor mining practices, grazing and logging.  By 1971, this situation was exacerbated by the construction of seven dams on the Columbia River between the mouth of the Columbia River and the confluence of the Wenatchee River.

Continued downward trends in the abundance of wild spring chinook and steelhead above Priest Rapids Dam resulted in the listing of these species as endangered by the National Marine Fisheries Service (NMFS) under the Endangered Species Act (ESA). The Upper Columbia Evolutionarily Significant Unit (ESU) of spring chinook was listed as endangered under the federal ESA on March 16, 1999.  The Upper Columbia ESU of summer steelhead was listed as endangered under the federal ESA on August 18, 1997.  Summer chinook and sockeye are not listed under the ESA.

Indigenous coho salmon no longer occur in the Upper Columbia River region.  By the early 1900’s coho salmon populations were already decimated by lower Columbia River harvest rates, impassable dams, unscreened irrigation diversions, logging, mining, grazing, and water use practices in the tributaries (BPA et al. 1999).  As mitigation for lost production resulting from the development of hydroelectric facilities on the Columbia River since the 1930’s, forty-six million coho fry, fingerlings, and smolts from Leavenworth, Entiat, and Winthrop National Fish Hatcheries were planted in the mid-Columbia basins between 1942 and 1975 (BPA et al. 1999). Despite this effort, self-sustaining coho populations were not established for several reasons: construction and operation of Columbia River hydroelectric facilities; habitat degradation; and poorly administered coho hatchery programs (BPA et al. 1999). From 1933 to 1943 only 475 coho salmon were counted at Rock Island Dam, which counted fish bound for the Wenatchee, Entiat, Methow, and Okanogan river systems.  Mullan (1983) estimated historical adult coho populations in the Wenatchee, Entiat, and Methow Rivers to be 6,000 to 7,000, 9,000 to 13,000, and 23,000 to 31,000 respectively. 

In 1996 the Northwest Power Planning Council (NPPC) recommended the Yakama Nations’ Mid-Columbia Coho Reintroduction Feasibility Study for funding by the Bonneville Power Administration.  This project was identified as one of the fifteen highest priority projects for the Columbia River basin and was incorporated into the NPPC's Fish and Wildlife Program.  The Mid-Columbia Coho Reintroduction Feasibility Study seeks to increase the knowledge about coho and their interactions with the environment to make informed decisions regarding the feasibility of reintroducing coho to mid-Columbia tributaries.  The long-term vision of the Mid-Columbia Coho Reintroduction Program is to reestablish naturally reproducing coho salmon populations in mid-Columbia river basins, with numbers at or near carrying capacity that provide opportunities for significant tribal and non-tribal harvest.  

The general elements of the mid-Columbia coho reintroduction feasibility study’s monitoring plan are outlined in the project's hatchery and genetics monitoring plan (HGMP; BPA et al. 1999).  Results of monitoring and evaluation activities to date can be found in Dunnigan (1999), Murdoch and Dunnigan (2001), and Murdoch (2001).  Table 1 summarizes the scope of ongoing and future monitoring activates. 

Table 1. Scope of the Mid-Columbia Monitoring and Evaluation Plan
Currently 
2002 or 

 
 
 
Ongoing
Beyond

Monitoring & Evaluation
Lower Columbia River Smolt Transfers
Smolt-to-Smolt Survival
X
 

 
 
Smolt-to-Adult Survival
X
 

 
 
Adult Stray Rates
X
 

 
Mid-Columbia Brood Coho
Smolt-to-Smolt Survival
X
 

 
 
Smolt-to Adult Survival
X
 

 
 
Hatchery Smolt Production
X
 

 
 
Relative Smolt-to-Adult Survival Between Release Groups
X
 

 
 
Adult Stray Rates
 
X

 
Natural Production
Natural Smolt Production
X
 

 
 
Spawning Distribution
X
 

 
 
Rearing Distribution
 
X

 
 
Reproductive Success
 
X

 
Harvest
Out of Basin
 
X

 
Genetics
Divergence between Lower Columbia River stocks and program stocks
X
 

 
Ecological Interactions
Residual Rates
X
 

 
 
Hatchery Smolt Predation on YOY Spring Chinook
X
 

 
 
Naturally produced coho predation on YOY spring chinook and steelhead
X
 

 
 
Hatchery coho smolt predation on YOY sockeye
X
 

 
 
Spring chinook redd superimposition
X
 

 
 
Micro-habitat use: Naturally produced coho, spring chinook, and steelhead
 
X

c. Rationale and significance to Regional Programs
Since the early 1900s, the native stock of coho has been decimated in the tributaries of the middle reach of the Columbia River (the Wenatchee and Methow rivers) (Mullan 1983).  The four Columbia River Treaty Tribes (Nez Perce, Umatilla, Warm Springs, and Yakama) identified coho restoration in the mid-Columbia as a priority in the Wy-Kan-Ush-Mi-Wa-Kish-Wit document, commonly referred to as the Tribal Restoration Plan (TRP) (CRITFC 1995).  It is a comprehensive plan put forward by the Tribes to restore the Columbia River fisheries.  In 1996, the Northwest Power Planning Council (NPPC) recommended the mid-Columbia restoration project for funding by BPA.  It was identified as one of fifteen high-priority supplementation projects for the Columbia River basin, and was incorporated into the NPPC’s Fish and Wildlife Program (program measures 7.1H, 7.4A, 7.4F, and 7.4O).  The Methow and Wenatchee subbasin summaries identify the need to continue studies to determine the feasibility of re-establishing coho in the Methow and Wenatchee subbasins as part of the specific goal to restore, maintain, and enhance fish and wildlife populations to sustainable levels and also, when applicable, to harvestable levels, while protecting biological integrity and the genetic diversity of the watershed.  Specific strategies in the subbasin summaries outline the need to minimize potential negative ecological interactions with other species and develop a local broodstock to assess the feasibility of re-introduction.   Furthermore, the subbasin summaries strongly promote increased biological diversity within both subbasins.  Re-establishment of a native anadromous species would help accomplish that goal.  The Biological Assessment and Management Plan, Mid-Columbia River Hatchery Program (NMFS et al. 1998) also recognizes the potential for coho reintroduction in mid-Columbia basins, although coho plans and analyses were recognized as being outside the scope of that document.  Plans for the initial feasibility research phase of this project were outlined, revised, and analyzed in several documents, primarily Mid-Columbia Coho Salmon Study Plan 11/25/98 (YIN 1998); Mid-Columbia Coho Reintroduction Feasibility Project Final Environmental Assessment and FONSI (USDOE BPA 1999(b)); and Biological Opinion: 1999 Coho Salmon Releases in the Wenatchee River Basin by the Yakama Indian Nation and the Bonneville Power Administration (NMFS 1999). The release of coho from lower Columbia hatcheries into mid-Columbia tributaries is also recognized in the Columbia River Fish Management Plan, a court-mandated joint plan under the jurisdiction of U.S. v. Oregon, involving Federal, state and tribal fish managers in the Columbia basin (CTWSR et al. 1988).  

d. Relationships to other projects 

The goals and objectives for this project are closely tied to ongoing coho salmon reintroduction efforts in the Yakima Subbasin.  Since efforts in the Yakima basin have been ongoing for a longer period of time, opportunities to investigate basin-nonspecific issues surrounding the feasibility of coho reintroduction exist with those efforts.  Since coho reintroduction efforts in the Yakima, Wenatchee, and Methow subbasins are administered by the same agency, transfer of meaningful results, techniques and strategies between projects (and subbasins) should provide efficient project management and reduce unnecessary duplication of efforts between projects.  Efforts to assess the feasibility of re-establishing naturally spawning populations of coho in the Yakima Subbasin are a component of the Yakima/Klickitat Fisheries Project (YKFP) which is funded under 4 main project proposals, project numbers 199506325 (YKFP Monitoring and Evaluation), 88122001 (YKFP Project Management), 199701725 (YKFP Operation and Maintenance for the Yakima River Subbasin), and 198811525 (YKFP Design and Construction for the Yakima River Subbasin).  Information gathered from this project will be very applicable to other coho re-introduction projects now in their infancy phase.  An example is the Nez Perce Tribe’s coho program in the Clearwater River system.      

e. Project history (for ongoing projects) 

In 1996 the Northwest Power Planning Council (NPPC) recommended the Yakama Nation’s, Mid-Columbia Coho Reintroduction Feasibility Study for funding by the Bonneville Power Administration.  This project was identified as one of the fifteen highest priority projects for the Columbia River basin and was incorporated into the NPPC’s Fish and Wildlife Program.  The Mid-Columbia Coho Reintroduction Feasibility Study seeks to increase the knowledge about coho and their interactions with the environment to make informed decisions regarding the feasibility of reintroducing coho to mid-Columbia tributaries (Wenatchee, Entiat, and Methow rivers).

Experimental work began on this project in 1998.  Annual reports were completed in 1999 and 2000.  An annual report for 2001 is currently in progress. 

( Broodstock Development. Development of a locally adapted coho broodstock began by collecting and spawning returning adults in the Methow and Wenatchee subbasins in 1999 and 2000 respectively.  Eyed-eggs are transported to hatcheries out of basin for rearing to smolt. The first release of mid-Columbia brood was released into Nason Creek (Wenatchee Subbasin) in 2001 from returns to the Winthrop NFH in 1999.  Current smolt-to-smolt and smolt-to-adult survival rates are promising. Table 2 lists release numbers, locations, and associated smolt-to-adult survival rates.

Table 2. Release years, numbers, locations, and smolt-to-adult survival estimates for all coho smolt releases in the Methow and Wenatchee subbasins 1995-2001.

Year
Release Location
Release Number
Adult Returns
Smolt-to Adult Survival (%)
Counting Location

1995
Winthrop NFH
70,000
1
0.001%
Wells Dam 

1996
Winthrop NFH
235,300





Chewuch R.
100,000






335,300
3
0.001%
Wells Dam

1997
Winthrop NFH
69,200





Chewuch R.
5,000






74,200
1
0.001%
Wells Dam

1998*
Winthrop NFH
169,200





Chewuch R.
95,099





Wolf Creek
76,847






341,146
246
0.072%
Wells Dam Trapping and Video

1999
Leavenworth NFH
434,880





Nason Creek
50,000






484,974


1113 to 2014
0.21% to 0.38%
Dam Counts Trapping, and Redd Surveys

2000
Winthrop NFH
199,763
N/A
N/A
N/A


Leavenworth NFH
891,845





Nason Creek
76,893








968,738




2001
Winthrop NFH
260,319
N/A
N/A
N/A


Leavenworth NFH
855,167





Nason Creek
142,291






997,458




*Note: In 1998 program emphasis shifted to local broodstock development. 

( Natural Production. The first returns from the first release of mid-Columbia brood coho are expected to return and naturally reproduce in Nason Creek in 2002.  Recovery of coded wire tags will be used to compare smolt-to-adult survival rates between mid-Columbia brood coho and lower Columbia River transfers.  Spawning ground surveys and radio-telemetry will identify numbers and locations of naturally spawning coho salmon. During October and November 2000, 74 coho redds were counted in the Icicle River, and 3 redds were counted in Nason Creek (Murdoch and Dunnigan 2001). Redd counts in 2001 are currently ongoing. 

  (Coho/spring chinook/steelhead interactions. Predation studies to measure direct predation rates were conducted in the Wenatchee River (summer chinook) and Nason Creek (spring chinook) in 2000 and 2001 respectively. Preliminary results indicate low rates of predation. Residual coho surveys in Icicle Creek, Nason Creek, and the Methow River in 1999, 2000 and 2001 indicated very low rates of hatchery coho residualism and associated competitive impacts.  Currently, research to evaluate spring chinook redd superimposition by later spawning coho salmon in Nason Creek is still on going.  Preliminary results shows no redd superimposition. Further research regarding direct predation, redd superimposition, microhabitat use, and sympatric/allopatric growth and survival is planned. 

(Coho/sockeye interactions. Research to assess the potential for predation by coho on sockeye fry began in 2001 and is currently ongoing. Preliminary results indicate limited opportunities for predation. 

f. Proposal objectives, tasks and methods

OBJ.
Section 4 of 10.  Planning and Design Phase – Objective, Task and Methods

1.
Objective:  Adaptively manage the project's planning effort.

1.a
Task: Provide support for WDFW, NMFS, USFWS, USFS and the Colville Tribe to participate in the Mid Columbia Coho Technical Work Group.
Methods: To help determine how to achieve the goal of re-establishing a naturally spawning coho population in the mid-Columbia tributaries while minimizing potential negative interactions among coho and listed and sensitive species, the project is guided by a multi-agency Technical Team comprised of biologists and managers from the Yakama Nation, NMFS, WDFW, USFWS, USFS, Colville Tribe, and BPA.  The project was modified in a number of respects and research/monitoring was developed in response to input and concerns from this Team. This task provides participation funds mostly for meeting attendance and document review. 

1.b
Task:  Modify the project management plan and adapt management plan's deliverables and dates to project results and goals.
Methods:  This plan is the “guiding document” that reveals where the project is in the resolution of critical uncertainties.  It is a summarization of all phases of the project, how they fit and coordinate with each other and the time frame for resolving outcomes.  As new information becomes available in any phase of the project, this task provides for the management plan to be updated and modified to reflect that new information.  

1.c
Task:  Investigate potential coho central hatchery, adult capture and acclimation sites.
Methods: Identify potential sites by studying maps and aerial photos, by soliciting input from regional experts, and by reviewing past facility search studies.  Collect relevant data on their biological suitability, water supply quantity and quality, development and operating costs, and permit conditions.

2.
Objective:  Support development of experimental production facilities.

2.a
Task:  Support improved operations at existing facilities: design various trapping, rearing and acclimation site improvements and support site discharge studies. 

Methods:  A variety of fish culture systems will be improved or added to existing sites. Fish handling systems, rearing units, water treatment systems, water chillers, incubators, water control structures, and fish barriers are involved.  Also, WDOE discharge permits for acclimation sites may require an evaluation of the impact of fish culture on natural ponds.  Effluent and bottom condition changes may be studied as a part of this evaluation.   

2.b
Task:  Develop final design and engineering drawings for a temporary acclimation site on Nason Creek.
Methods:  A site will be identified, negotiations held with the owner, and preliminary designs developed for approvals.  After review by landowners, regulators, and funding agencies, final construction bid documents will be prepared.  A potential location presently identified is on USFS property near the Whitepine campground. 

2.c
Task:  Develop final design and engineering drawings for a temporary site on the Little Wenatchee River.
Methods: A site will be identified, negotiations held with the owner, and preliminary designs developed for approvals.  After review by landowners, regulators, and funding agencies, final construction bid documents will be prepared.  A potential location presently identified is on private property at the Two Rivers gravel pit.  

3.
Objective:  Obtain regulatory compliance.

3.a
Task:  Complete construction and operation permits for new sites. 

Methods:  Site studies such as environmental land audits, wetland delineations, endangered plant surveys, flood elevation predictions, topographical surveys, and cultural resource evaluations may be part of the early steps in the application process for new construction projects.  Preliminary designs and environmental information will be included in applications. After submission the applications will be tracked through the agencies until permits have been granted.  The required permits may include JARPA (HPA, Shorelines, Corps of Engineers 404, Temporary Exceedance of Water Quality), NPDES, SEPA, temporary water rights and various local  permits.   

3.b
Task: Draft NEPA Supplemental Analysis to EA as needed.

Methods:  As new incubation, rearing, or release sites are identified to achieve the experimental goals as discussed in the HGMP or experimental information/ESA suggests a change in project direction, federal law requires that NEPA be completed prior to development and usage of a new site.  This task provides for environmental compliance to address NEPA issues not anticipated in the 1999 Environmental Assessment.   

3.c
Task:  Revise the HGMP and USFWS BA/BO for ESA compliance. 

Methods:  Similar to task 3b, as new information becomes available from this or other projects especially as it relates to impacts on ESA listed fish (spring chinook, steelhead and bull trout) in the Mid-Columbia, the 1999 HGMP is revised to take into account and reflect the new information.  Similarly, the BA/BO with USFWS must be updated as new information becomes available.   

OBJ.
Section 5 of 10 Construction/Implementation Phase – Objective, Task and Methods

1.
Objective:  Build new acclimation ponds.  

1.a
Task:  Construct a temporary acclimation pond on Nason Creek.
Methods:  Bid documents that include final designs and work instructions will be distributed to potential contractors as part of a solicitation process.  Bids will be awarded and contractor work will be closely managed.                                                

1.b
Task:  Construct a temporary acclimation on the Little Wenatchee River.
Methods:  Bid documents that include final designs and work instructions will be distributed to potential contractors as part of a solicitation process.  Bids will be awarded and contractor work will be closely managed.                                               

2.
Objective:  Adapt production facilities to meet the experimental objectives of the program. 

2.a
Task:  Modify adult capture, holding and spawning, egg incubation, juvenile rearing, acclimation and release, and monitoring facilities. 
Methods:  For large, complex projects, bid documents that include final designs and work instructions will be distributed to potential contractors as part of a solicitation process.  Where YN fisheries staff has the needed expertise, the work will be completed without the use of contractors.

OBJ.
Section 6 of 10 O & M Phase – Objective, Task and Methods

1.
Objective:  Operation and maintenance of experimental facilities

1.a
Task: Operate/maintain experimental facilities. 

Methods:  Facilities that will be operated by or supported by fisheries employees of the Yakama Nation include propagation facilities for adult holding and spawning, early egg incubation prior to transfer to USFWS and ODFW egg banking facilities, and several final rearing and acclimation/release facilities.  The Yakama Nation will also assist in transportation of eyed eggs to the egg banking facilities and pre-smolts from the egg banking facilities to the final rearing/acclimation/release sites.     

1.b
Task: Contract with the USFWS to do egg banking and provide fish health services.  

Methods:  Because of the experimental nature of this project, no permanent facilities will be constructed for the feasibility phase of the project.  Therefore, we rely on existing facilities for production.  The USFWS will do egg banking at 4 of their facilities.  Entiat NFH will be used for adult holding, spawning and incubation to the eyed stage.  Leavenworth NFH will be used for egg incubation to the eyed stage.  Winthrop NFH will be used as a full term facility from adult capture to smolt release.  Willard NFH will be used for final egg incubation and rearing up to the pre-smolt stage when the experimental coho juveniles are transported back to the Mid-Columbia.  ODFW’s Cascade Hatchery will be used like Willard NFH but funds for this artificial propagation part of the program are being paid for through the Mitchell Act.       

1.c
Task:  Contract ODFW to assist in transportation of smolts from lower Columbia River hatcheries to project release sites 
Methods:  ODFW has a large fleet of tanker trucks for transporting juvenile salmon to numerous locations in the Columbia River basin.  They have been working with the Yakama Nation and others for more than a decade reprogramming production upstream under US v. Oregon. They are equipped and willing to aid with this project transportation need during late March and early April of each year.

2.
Objective:  Develop a locally adapted broodstock.

2.a
Task:  Capture returning coho adults at various established traps with the intent of egg banking at an existing Columbia River facility. 

 Methods:   It is believed that much of the success of the entire Mid-Columbia coho restoration effort is based on the ability to develop a locally adapted stock.  In order to accomplish the objective of broodstock development, the Yakama Nation administers adult trapping at remote locations in the natural habitat areas.  Most coho are released from acclimation sites without adult capture capabilities.  Therefore, extreme efforts have to be made to utilize existing and temporary tributary traps in order to capture returning natural and hatchery coho adults.  Traps used to date include Dryden Dam, Tumwater Dam, and a temporary trap on Icicle Creek.  In the future, a temporary trap may be installed and used on Nason Creek.   

OBJ.
Section 7 of 10.  M&E Phase – Objective, Task, Hypothesis, Rationale, and Methods

1.
Objective:  Continue to evaluate trends in project performance indicators to assess the feasiblity of successfully reintroducing coho in the Wenatchee and Methow subbasins.  

1.a
Task: Estimate survival indices for hatchery coho smolts released in the Wenatchee Subbasin to McNary Dam.   
Hypothesis:  There is no testable hypothesis associated with this task, but rather it is intended to serve as baseline monitoring.

Rationale:   Mullan et al. (1992) and Chapman et al. (1994a; 1994b; 1995a; 1995b) recognize that a central limitation to building self-sustaining populations of anadromous fish in Wenatchee and Methow subbasins is the high smolt and adult mortalities incurred at the numerous hydropower facilities on the mainstem Columbia River.  Mortalities related to hydropower facilities can severely reduce the escapement numbers.  Salmon abundance is also heavily influenced by ocean conditions. Freshwater conditions reflect variability within a broader spectrum of population abundance that is largely controlled by ocean conditions (Mullan et al. 1992; Nickelson 1986).  Therefore we feel it is important to monitor survival of hatchery juveniles in freshwater to help partition smolt-to-adult survival of hatchery reared Program fish into the components of freshwater and marine mortality.  
Methods:  PIT tags will be used from different release groups to monitor survival through the juvenile migration corridor.  A biometrician will be consulted to assist in sample size and data analysis which ensures that the study design has sufficient statistical power. To obtain a McNary passage index of the PIT tagged fish released into the Wenatchee basin, McNary Dam PIT tag detections will be expanded by dividing by the McNary detection rate (efficiency).  McNary’s detection rate is the proportion of total PIT tagged fish passing the dam that are detected by the dam’s PIT tag detectors.  An index of survival to McNary is the passage index divided by the number of PIT tagged fish released.  

1.b
Task:  Differentially mark release groups of hatchery coho (location and stock) in order to evaluate smolt-to-adult performance.   

Hypothesis 1:  H0: Smolt-to-adult survival is equal for groups of lower Columbia River Hatchery (donor) stock and progeny of returning adults to the Wenatchee and Methow subbasins.  

Hypothesis 2:  H0: Smolt-to-adult survival rate is equal for all acclimation sites in the Wenatchee Subbasin.  

Rationale:  Success of this coho re-introduction program is initially reliant upon the use of lower Columbia River hatchery fish to develop naturalized spawning populations.  Until recently, the project has relied entirely upon the transfer of lower Columbia River hatchery coho to produce adult coho returns in the mid-Columbia region.  If a viable self-sustaining population of coho is to be re-established in the Wenatchee and Methow subbasins, parent stocks must possess sufficient genetic variability to allow phenotypic plasticity to respond to differing selective pressures between environments of the lower Columbia River and the Wenatchee and Methow rivers.  The project recognizes the need to ultimately eliminate the transfer of lower Columbia River hatchery transfers and transition to the exclusive use of returning fish as broodstock, in order to allow local adaptation to occur.  The marking scheme proposed is intended to track stock and release location performance during the adaptation process.   
Methods:  Statistical power analyses will be performed to determine minimum release numbers per group required to attain meaningful results.  Juvenile hatchery coho groups (stock and release location) will be marked with differential coded wire tag codes per group.  Tags will be recovered from returning adults collected for broodstock at Dryden and Tumwater dams.  Analyses methods will be analysis of variance.  

1.c
Task:  Quantify hatchery and natural origin coho smolt production within the Wenatchee Subbasin. 

Hypothesis:  There is no testable hypothesis associated with this task, but rather it is intended to serve as baseline monitoring.

Rationale:   The long-term goal for this program is to reestablish naturally reproducing coho salmon populations in the Wenatchee and Methow subbasins.  Returning hatchery fish must also have sufficiently high productivity and survival rates to meet replacement levels.  In order to determine the feasibility of achieving this goal, we must have the ability to quantify natural smolt production.  Since the Program is initially focusing on the Wenatchee Subbasin, we propose concentrating monitoring efforts in the Wenatchee Subbasin.  
Methods:  Beginning with releases in the spring of 2002, all hatchery juvenile coho released in the Wenatchee and Methow subbasins will be marked with coded wire tags in the snout, without an adipose fin clip (see task above).  The Yakama Nation will work cooperatively with Washington Department of Fish and Wildlife (WDFW) to operate a rotary smolt trap on the lower Wenatchee River at river mile 7.1, near the town of Monitor.  Trap efficiency will be estimated by making releases of marked fish at varying flows throughout the coho smolt outmigration.  We will use regression techniques to estimate the capture efficiency using environmental covariates such as flow, temperature and turbidity. All coho captured in the trap will be examined for the presence/absence of a coded wire tag using a hand held coded wire tag detector.  We will estimate daily coho passage by expanding catch data by estimated efficiency to estimate total daily passage of hatchery and natural origin juveniles.         

1.d
Task:  Estimate coho smolt-to-adult survival rates of hatchery and natural origin recruits for the Wenatchee and Methow subbasins. 

Hypothesis:  There is no testable hypothesis associated with this task, but rather it is intended to serve as baseline monitoring.

Rationale:  The long-term goal for this program is to reestablish naturally reproducing coho salmon populations in the Wenatchee and Methow subbasins.  Returning hatchery fish must also have sufficiently high productivity and survival rates to meet replacement levels.  In order to determine the feasibility of achieving this goal, we must have the ability to quantify natural origin adult coho production and estimate smolt-to-adult survival rates for hatchery and natural origin coho.  Since the Program is initially focusing on the Wenatchee Subbasin, we propose concentrating monitoring efforts in the Wenatchee Subbasin.
Methods:  Beginning with releases in the spring of 2002 (adult returns of 2003), all hatchery juvenile coho released in the Wenatchee and Methow subbasins will be marked with coded wire tags in the snout, without an adipose fin clip (see task 1.c).  The Yakama Nation will work cooperatively with Washington Department of Fish and Wildlife (WDFW) and Chelan County Public Utilities District to operate Dryden Dam during the coho adult migration (September – November).  During that period all trapped coho will be interrogated for the presence/absence of a coded wire tag using a hand held coded wire tag detector, in order to estimate the proportion of the total return consisting of natural and hatchery origin coho.  Estimates of total hatchery and adult origin returns will be divided by respective hatchery and natural origin smolt production the previous year (see Task 1.c) in order to estimate smolt-to-adult survival for each release group.  

1.e
Task:  Describe spawning and rearing spatial distribution of coho in the Wenatchee and Methow subbasins. 

Hypothesis:  There is no testable hypothesis associated with this task, but rather it is intended to serve as baseline monitoring.

Rationale:  Juvenile coho salmon acclimation/release sites intended to produce natural production are deliberately sited in areas that the Project considers suitable for natural production.  We assume that juveniles released from these sites will return and spawn in close proximity.  In order to test this assumption and to assess the factors potentially limiting natural production of Program fish, the spawning and rearing spatial distribution must be known.  
Methods:  The Yakama Nation will conduct weekly spawning ground surveys in the vicinity of acclimation sites used the previous year, and areas with anecdotal reports of coho present, to identify the location and distribution of coho redds.  Locations of each redd will be identified and mapped with a portable GPS unit.  Video recordings of fish passage at Tumwater Dam will provide further information regarding the total number of coho spawning in the upper Wenatchee system.  The Yakama Nation will concurrently conduct a radio-telemetry study to estimate the proportion of coho returning to the Wenatchee River that spawn in Beaver and Nason Creeks. Up to 75 adult coho randomly collected at the Tumwater Dam fish trap will be anesthetized, gastrically tagged and released upstream of the dam.  Fixed monitoring stations near the mouths of Nason and Beaver creeks will determine how many of the tagged fish spawned in each creek.  Mobile tracking will determine the spawning locations of the tagged fish.  Data will be corroborated with bi-weekly spawning ground surveys. A determination of the total number of fish spawning above Tumwater Dam (Beaver Creek and Nason Creek) will be made by video counts.  In 2004, the study will include adults spawning in the Little Wenatchee River.  Distribution and habitat use by naturally produced coho salmon juveniles in Nason and Beaver creeks will be examined, by conducting summer time snorkel surveys in the vicinity of those areas that coho redds were observed the previous fall.  This work will also help provide information needed to complete tasks 2.b, 2.e, and 2.f.

1.f
Task:  Evaluate the reproductive success of naturally spawning hatchery and naturally produced coho salmon in order to determine if reproductive success is likely to limit project success.

Hypothesis:  H0: Egg to smolt survival of hatchery-origin coho is similar to natural-origin coho.

Rationale:  Success of the coho re-introduction program is reliant upon the use of hatchery fish to develop naturalized spawning populations.  The donor stock of hatchery coho will be from lower Columbia River hatcheries.  Inter-basin coho salmon transfers throughout this century were common for most hatcheries in the lower Columbia River (Currens and Farnsworth 1993).  Additionally, many of the lower Columbia River coho hatcheries have been in operation since the early 1900s.  Given the lengthy culture history of these stocks it is likely that many have been subjected to intensive domestication selection for many generations.  Domestication is usually attributed to the effects of genetic drift which may result from low founding broodstock numbers or selections pressures from rearing fish in the hatchery environment (Calaprice 1969; Cross and King 1983; Allendorf and Phelps 1980).  Fish populations that have been subjected to artificial selection may perform well in the hatchery, but poorly in the wild (Busack et al. 1997).  Many studies have indicated that the reproductive success of hatchery fish is significantly lower than their wild counterparts (Fleming and Gross 1993; Chilcote et al. 1986; Berejikian et al. 1997).  Chilcote et al. (1986) estimated that egg for egg, the reproductive success of hatchery steelhead was 28% of that for wild fish.  Fleming and Gross (1993) found that male hatchery coho adults were competitively inferior to wild males, and as a consequence were restricted access to spawning females.  Female hatchery coho were at less of a disadvantage, having similar levels of aggressive behavior.  However, hatchery female coho retained a higher proportion of their eggs, suffered greater delays in the onset of mating, and lost a higher proportion of their eggs due to superimposition of redds by other female when compared to wild females.  Berejikian et al. (1997) found similar results with captively reared coho.  The degree to which domestication may impact reproductive fitness (and potentially project feasibility) is unknown.  We propose to investigate the issue with the proposed study design outlined below.  
Methods:  We propose to conduct a DNA fingerprint study of returning adult coho at Wells Dam.  Beginning with returns in 2003 (the first year with 100% of the hatchery origin returns marked), we will take a small tissue sample from every adult coho passing Wells Dam.  Individual fish length, weight, scale samples (age), and hatchery/natural origin data will accompany each tissue sample.  Tissue samples will also be collected from all coho collected for broodstock to be released within the Methow Subbasin.  This sampling procedure will continue for 9 years (3 generations).  Reproductive success will be evaluated from spawning adult to returning adult progeny.  Tissue samples will be analyzed using Microsatellite DNA in order to determine parental lineages of naturally produced fish through time. At least 6 microsatellites will be used. The determination of the necessary and informative microsatellites will be done in collaboration with the Science Center of NMFS, whose scientists have already developed the appropriate technology. This information will permit better evaluation of the variance in reproductive success on an individual spawner basis.  

1.g
Task:  Estimate out of basin harvest rates of Program fish in order to determine if harvest rates are likely to limit project success.  

Hypothesis:  H0: Harvest rates of hatchery origin coho are not sufficiently high to limit project feasibility.  

Rationale:  Harvest may have been a significant factor in the disappearance or reduced numbers of coho in both the distant and recent past.  Currently, the majority of coho in the Columbia River are produced and released below Bonneville Dam.  The historical intent of much of this production was to supply coho for the 80-90% exploitation rate by ocean and lower Columbia River fishers.  However, since the period 1988-1993, harvest rates of coho (commercial ocean troll and recreational) have decreased by approximately 25% (Pacific Fishery Management Council 2000).  Harvest reductions were the result of mixed stock fishery issues related to the Endangered Species Act.  Coho released under this Project are subject to the following fisheries:  ocean commercial troll fisheries, ocean recreation fisheries, Buoy 10 recreational fisheries, lower Columbia River commercial fisheries, lower Columbia River recreational fisheries, Zone 6 (Bonneville to McNary dams) Treaty Indian commercial fisheries, and above Bonneville Dam recreational fisheries.  All recreational fisheries and the ocean commercial troll fisheries are selective for adipose-fin-clipped fish.  Harvest mortality for project fish in these fisheries will primarily be limited to incidental mortality, so we have no ability to recover CWTs from these fisheries.  The Columbia River commercial coho fisheries (Buoy 10 to Bonneville Dam) do intercept both adipose-clipped and non-clipped fish.  All coho captured in this fishery are examined for the presence of a CWT, with an approximate sampling rate of 20%.  Presently, harvest monitoring of Treaty Indian fisheries does not include recovery of CWT.  Although the total harvest rate on adipose-clipped fish could be as high as 50-60%, the total harvest rate on non-adipose-fin-clipped fish is substantially lower (20-25%) due to the selective fisheries that are likely to remain in place for many years as a result of ESA constraints.  
Methods:  We will coordinate with agencies responsible for harvest management (WDFW, ODFW, USFWS, CRITFIC, etc.) to estimate the harvest rates of target stocks by querying existing databases that may contain harvest or stray information for Program fish.  

1.h
Task:  Evaluate the impacts of smolt growth rate and size on smolt-to-adult survival.  

Hypothesis 1:  Rapid growth of fish just prior to and during smoltification does not improve smolt-to-adult survival. 

Hypothesis 2:  Large smolt sizes do not improve smolt-to-adult survival.  

Rationale:  Beckman et al. (1999) determined that rapid spring growth improves the performance of spring chinook smolts.  This impact needs to be confirmed and evaluated for coho smolts.  The final size of the smolts released also impacts survival.  Smolt growth rate and size have a significant impact on the location, size, and design of rearing facilities.  Hatchery water temperature profiles impact growth rates and total hatchery water requirements are partially determined by the size of smolts produced.  
Methods:  No funding or activities are associated with this task in FY2003.  However, pending additional smolt-to-adult survival data, the project will evaluate the feasibility of increasing survival rates through size and growth manipulation.  If deemed warranted, the project will conduct studies to evaluate smolt size and spring growth rates by differentially marking groups consisting of: a fast spring growth/small smolt group, a fast spring growth/large smolt group, and a standard spring growth/large smolt group. These groups would be reared at the same hatchery and released from the same acclimation site to reduce confounding variables.  Existing hatcheries will be investigated for their ability to produce the groups; alternatively, a temporary in-basin rearing site would be utilized.

2.  
Objective:  Evaluate the potential for re-introduced coho salmon to negatively impact steelhead, spring chinook or sockeye salmon.  

2.a
Task: Evaluate the potential for residual hatchery coho to negatively impact spring chinook salmon or steelhead.  

Hypothesis:  H0: The abundance of residual hatchery coho is not sufficiently high to depress the stock status of spring chinook salmon or steelhead.

Rationale:   Fish that do not migrate after release are termed residuals. Gross (1987) suggests that precocity may have evolved as an alternative life history pattern for Pacific salmon.  However Mullan et al. (1992) indicated that often hatcheries release larger fish when compared to naturally produced fish, in order to increase survival, and that this practice may result in a higher numbers of precocial fish that are mostly males.  The frequency of precocialism may range from 0-29% for anadromous salmonids (Mullan et al. 1992).   The abundance of residual coho is important because residual hatchery fish may also have the potential to either compete with or prey upon other species.  Precocial salmonids are virtually all males (Mullan et al. 1992), and are typically larger than yearling parr.  Larger fish have been shown to generally dominate smaller fish in studies that examined both inter- and intraspecific competition (Griffith 1972; Abbott et al. 1985; Hearn 1987; Chandler and Bjornn 1988; Hughes 1992).  

Methods:  Summer time snorkel observations will be conducted above and below the acclimation/release sites to estimate the total number of hatchery coho that did not migrate.  Each study reach will be divided into 500 m sections, with one 100 m sample unit randomly selected from each of each 500 m sections, resulting in a 20% sample rate.  Within each 100 m sample unit, two observers will snorkel in a downstream direction between the hours of 10:00 and 16:00.  All salmonids observed will be enumerated by species and size class.  A random selection of units sampled will be re-sampled within a 12-hour period during nighttime hours to estimate snorkel efficiency.  

2.b
Task:  Evaluate the potential for naturally produced coho salmon to prey upon young of the year steelhead or spring chinook salmon.  

Hypothesis:  H0: Naturally produced coho salmon do not prey upon young of the year steelhead or spring chinook salmon.  

Rationale:   Coho salmon have been shown to prey on several species of salmonids including sockeye salmon O. nerka fry (Ricker 1941; Foerster and Ricker 1953; Ruggerone and Rogers 1992), pink O. gorbuscha and chum O. keta salmon fry (Hunter 1959), and fall chinook salmon (Thompson 1966).  Continued downward trends in the abundance of wild spring chinook and steelhead above Priest Rapids Dam resulted in the listing of these species as endangered by the National Marine Fisheries Service (NMFS) under the Endangered Species Act (ESA).  The ecological risk associated with coho re-introduction efforts may be greatest for endangered species or those of critically low abundance.   Therefore, in order to resolve the scientific uncertainty associated with the impact of naturally produced coho salmon predation on spring chinook and steelhead populations within the Wenatchee Subbasin, the Yakama Nation proposes to conduct field studies to evaluate the issue.    
Methods:  In order for any interaction to occur, spatial and temporal overlap must occur between the two species of concern.  We propose to assess the extent of spatial and temporal overlap between naturally produced coho and juvenile steelhead and spring chinook while completing tasks 1.e and 2.e throughout the Wenatchee Subbasin.  If spatial and temporal overlap does occur, we will capture up to 1000 naturally produced coho for stomach analysis from within those areas of overlap.  Juvenile coho will be captured via electrofishing, beach seining and angling during the period from emergence to 8 weeks after emergence of spring chinook and steelhead.  We will use a bioenergetics model (He and Wurtsbaugh 1993) to estimate daily meal turnover rate and ultimately daily and seasonal consumption estimates of spring chinook and steelhead.  

2.c
Task:  Evaluate the potential for hatchery coho smolts to prey upon young of the year spring chinook salmon and steelhead in Nason Creek.

Hypothesis:  H0: Hatchery origin coho salmon do not prey upon young of the year steelhead or spring chinook salmon.

Rationale:  Coho salmon have been shown to prey on several species (see task 2.b).  Hatchery fish are often larger than their wild cohorts, and therefore may have a greater potential to consume juvenile spring chinook or steelhead.  
Methods:  Approximately 150,000 hatchery coho smolts will be released from the Butcher Creek Acclimation site on Nason Creek (river mile 8.2) on or about April 25.  Migrating coho smolts will be captured via rotary trap that will be fished at river mile 0.8 on Nason Creek.  Up to 1000 hatchery coho smolts will be collected for stomach analysis.  An additional 200 coho will be collected from river mile 0.8 – 8.2 via electrofishing, beach seining, or angling to help determine whether the rotary trap provides an unbiased estimate of predation for migrating versus non-migrating coho.  We will use a bioenergetics model (He and Wurtsbaugh 1993) to estimate daily meal turnover rate and ultimately daily and seasonal consumption estimates of spring chinook and steelhead.

2.d
Task:  Evaluate the potential for hatchery coho smolts to prey upon young of the year sockeye salmon in Lake Wenatchee.

Hypothesis:  H0: Hatchery origin coho salmon smolts do not prey upon young of the year sockeye salmon in Lake Wenatchee.

Rationale:   Coho salmon have been shown to prey on sockeye salmon (O. nerka) fry (Ricker 1941; Foerster and Ricker 1953; Ruggerone and Rogers 1992).  Although not listed under ESA, sockeye in this area are considered a vulnerable species because they are one of only two populations remaining in the Columbia River system (the other is in Lake Osoyoos [Okanogan River]).   Sockeye salmon spawn upstream of most of the proposed release areas in the Wenatchee basin, but a significant number rear in Lake Wenatchee and would be there, at prey sizes and at times when coho would be released from the Two Rivers acclimation site immediately upstream of the lake.  Sockeye emerge at about the same time as coho and rear in habitat proposed for coho acclimation in the Wenatchee basin.  Coho released from the Two Rivers site could pose a risk to sockeye.  
Methods:  Methods used to evaluate the potential for hatchery coho smolts to prey upon young of the year sockeye salmon in Lake Wenatchee will depend largely on the results of the 2002 coho/sockeye interaction evaluation.  The first objectives of the 2002 evaluation are to determine the length of time and route of migration required for hatchery coho smolt to migrate through Lake Wenatchee after release.  The second part of the study involves verifying the time of sockeye fry emergence into Lake Wenatchee and the distribution of sockeye fry in Lake Wenatchee during the coho smolt out-migration.  We will determine the time required and route of migration by radio tagging and or acoustic tagging 150 coho smolts.  The tagged smolts will be released from river mile 1.7 on the Little Wenatchee River. The smolts will be traced using a combination of six fixed monitoring stations and mobile tracking.  The timing of emergence of sockeye fry into Lake Wenatchee will be determined by snorkeling and/or beach seining the littoral areas surrounding the outlets of the White and Little Wenatchee Rivers weekly during late April and May.  Sockeye fry were observed while snorkeling during the 2001 evaluation.  After emergence into the Lake, we will expand our littoral zone snorkel surveys to littoral zones on the north, south and eastern edges of the lake.  The limnetic zones will be sampled along transects with a tow net. If a time/space overlap is detected between the hatchery coho smolt migration and the concurrent distribution of sockeye fry in Lake Wenatchee, we will proceed with a predation study in 2003.  The predation study will be conducted in same manner as described under task 2.c. in which a sample size of 1000 out-migrating hatchery coho smolts recollected at a WDFW operated screw trap located at the outlet of Lake Wenatchee will be retained for stomach content analysis.  The predation study may also involve collecting coho smolts within Lake Wenatchee with fyke nets, tow nets, minnow traps or electro-fishing. 

2.e
Task:  Evaluate the potential for naturally produced coho salmon to negatively impact steelhead or spring chinook salmon through competition for space or food.

Hypothesis:  H0: Naturally produced coho salmon do not reduce the distribution, growth or abundance of young of the year steelhead or spring chinook salmon through competition.

Rationale:   Coho salmon and rainbow/steelhead trout are reported to be sympatric along the western coast of North America from California to British Columbia (Frasier 1969; Hartman 1965; Johnston 1967; Burns 1971), with both species residing in freshwater for extended periods (Groot and Margolis 1991).  However, the reported impacts of the presence of coho salmon on rainbow/steelhead trout are conflicting.  Coho were shown not to affect steelhead habitat utilization or growth in the Wenatchee River (Spaulding et al. 1989), and only affected steelhead habitat utilization to a small extent in another Washington stream (Allee 1974; 1981).  However, Hartman (1965) concluded that strong habitat selection occurred in the spring and summer as a result of agnostic behaviors that were differentially directed by coho against steelhead in pools and by steelhead against coho in riffle habitats.  Therefore, in order to resolve the uncertainty associated with this issue we propose to conduct the field studies outlined below.     

Methods:  The distribution of spring chinook redds identified during spawning ground surveys during the period 1995-2001 indicated that approximately 56% of the spring chinook spawning in Nason Creek spawn between the Butcher Creek acclimation site (river mile 8.2) and river mile 16, while approximately 44% typically spawn downstream from the Butcher Creek acclimation site.  We would expect to see a similar distribution during 2002. Steelhead also spawn and rear throughout the lower 16 miles of Nason Creek.  However, the distribution of steelhead spawning in Nason Creek is not monitored due to typically high flows and low visibility.  From previous experience (Dunnigan 2000), we also expect few returning coho adults to spawn upstream of the Butcher Creek acclimation site.  Redd surveys during the fall of 2002 will confirm or deny this assumption.  Therefore, reaches above the Butcher Creek acclimation site may contain no or low densities of coho sub-yearlings and will serve as control reaches.

We will assess the distribution, habitat use, growth and abundance of juvenile steelhead and spring chinook in the presence and absence (above and below the Butcher Creek acclimation site respectively) of naturally spawned coho salmon in Nason Creek. Potential micro-habitat overlap between sub-yearling coho, spring chinook, and steelhead will be evaluated by conducting stratified random snorkel samples twice a month between July 1st and September 15th above and below the coho acclimation site.  During the surveys, each observer will carry a selection of large washers.  The washers will be color coded for identification.  For example, a red washer will be used to identify the location of a coho, blue will identify the location of chinook, and ½ red - ½ blue will identify the location of steelhead trout.  A washer will be placed in the location the observer first sees a fish.  If more than one fish is seen in the location, the observer will mark the number of each species on the appropriate washer with a wax pencil.  After the 100 M unit is snorkeled, and the location of fish identified, micro-habitat variables will be measured.  Water velocity will be measured with a Marsh-McBirney flow meter (0.01 m/s), and depth will also be measured (1 cm).  Dominant and sub-dominant substrate size will be estimated using a modified Wentworth particle scale.  The presence of cover and cover type will be recorded.  Using the same reaches as identified above, a sample of up to 50 sub-yearling chinook, steelhead, and coho will be collected twice a month between July 1st and September 15th.  Fish will be collected with a backpack electro-fisher, beach seining and under water angling.  After collection, fish will be anesthetized, fork length will be measured (mm) and weighed (0.1 g).  Condition factors will be calculated for each fish examined.  Micro-habitat variables, abundance and condition factors of spring chinook and steelhead collected in allopatry and sympatry with coho will be compared using analysis of variance.   

2.f
Task:  Evaluate the potential for naturally spawning coho salmon to negatively impact spring chinook salmon through competition for spawning habitat.    

Hypothesis:  Coho salmon redd superimposition on spring chinook redds does not occur.  

Rationale:   Hatchery adult coho returning to Nason Creek in the fall of 2003 are expected to home and spawn in lower Nason Creek in the vicinity of the Butcher Creek acclimation site.  Spring chinook salmon are also known to spawn in this reach of Nason Creek prior to coho spawning.  Potential exists for coho to spawn on existing spring chinook redds.  In order to assess the issue, we propose conducting the field studies proposed below.  
Methods:  We will measure the exact locations of up to 50 spring chinook redds in lower Nason Creek.  Each study redd will be measured by triangulating from the upstream and downstream ends of the redd tailspill with two fixed points on the bank. The width of each study redd will be measured at its widest point.  The detailed triangulation method will enable us to make an accurate determination of redd superimposition by spawning coho salmon on spring chinook redds.  Each redd will be relocated during coho spawning ground surveys and the extent (percent) of spatial overlap between coho and chinook redds determined.  

3.
Objective:  Evaluate the ability of the lower Columbia River donor coho stocks to adapt to local conditions in the Wenatchee and Methow subbasins.  

3.a
Task:  Monitor divergence between lower Columbia River hatchery stocks and Program stocks with regard to genetic and life history characteristics.

Hypothesis:  Returning hatchery coho transferred from lower Columbia River hatcheries and naturalized coho in the Wenatchee and Methow subbasins do not differ in regards to genetic or life history characteristics compared to their donor stocks.

Rationale:   Few opportunities in the Columbia Basin exist to investigate the local adaptation process required for a species reintroduction project to be completely successful.  This project presents such an opportunity to not only understand the natural selection intensities on naturalized coho for this project, but the results can also be used to understand the rate and process of reversibility of domestication, a result that can be applied to hatcheries as reformed and applied throughout the region.  Success of this coho re-introduction program is reliant upon the use of hatchery fish to develop naturalized spawning populations.  Until recently, the project has relied entirely upon the transfer of lower Columbia River hatchery coho to produce adult coho returns.  If a viable self-sustaining population of coho is to be re-established in the Wenatchee and Methow subbasins, parent stocks must possess sufficient genetic variability to allow the newly-founded population to respond to differing selective pressures between environments of the lower Columbia River and the mid-Columbia region.  Because the Mid-Columbia requires a much longer migration route, particularly in freshwater where the fish do not feed much, and because conditions in the Wenatchee and Methow subbasins are likely to be different than in the coastal streams and lower Columbia where the coho originate, and finally because the donor stocks have had the influence of hatchery artificial selection pressures, there are likely to be some changes in the life history characteristics of the introduced broodstock. For example, the migration distance is very much greater into the Wenatchee River than to Eagle Creek National Fish Hatchery.  Several of the life history characteristics that might be expected to differ could be endurance, run timing, sexual maturation timing, fecundity, egg size, length at age, juvenile migration timing, sex ratio, and genetic diversity.  Therefore a long-term monitoring effort will be continued to track changes over several generations. 
Methods:  Method 1:  Monitoring life history characteristics.  We will estimate run timing of returning adults at Dryden Dam on the lower Wenatchee River., further upstream at the Tumwater Dam facility, and at Wells Dam for coho returning to the Methow River.  Maturation timing, sex ratio, egg size and fecundity will be estimated from the fish retained for broodstock. Fecundity of individual fish will be estimated by individually weighing the eggs obtained from each female spawned. The adults will be aged, and their length and weight recorded. This will be done every year in order to monitor changes in life history characteristics of the population as it becomes locally established generation after generation. Highly heritable but mostly neutral genetic traits, such as scale counts along the lateral line and vertebrae counts, will be made to estimate drift from a perspective of quantitative traits. For smolt monitoring, coho smolt appearance at the Monitor rotary trap (see task 1.c) will be recorded.  For juvenile stages, dates of redd formation, egg deposition, and fry emergence will be estimated for wild fish.  Microsatellite DNA techniques will be the primary tool used to determine if genetic divergence between donor hatcheries and local broodstock occur over time as the program and broodstock develop. Protein electrophoresis and mtDNA may also be used as appropriate.

Coho will be sampled at Dryden Dam before being passed upstream to spawn naturally. Each fish will be measured and tagged and its origin determined. A small non-lethal fin clip will be collected and preserved in a lysis solution for later DNA analysis. This will be done annually.    Over the next 10 years, starting when the first adult progeny return from the sampled spawners, microsatellite DNA fingerprinting will be used to determine parentage.  From these data, we will estimate the relative fitness of naturally spawning hatchery- and natural-origin salmon and the selection intensities on a suite of life history traits. The relative fitness of natural-origin fish with varying hatchery ancestry will be assessed for 5 coho generations, providing data on the variability in reproductive success for hatchery-reared and naturalized coho, and the rate hatchery coho adapt to the Mid-Columbia rivers.

Spawning broodstock will be partitioned such that some returning coho from naturalized adults will be mated among themselves, and some will be mated with fish from Lower Columbia Hatcheries. Another group of spawners will be comprised of individuals from the Lower Columbia mated among themselves.  Every year, some fish will be outplanted for spawning in the wild, and the remainder will be spawned in the hatchery. Spawners from both groups will be sampled for tissue for ulterior genetic analysis.

Method 2:  Contemporaneous coho sperm cryo-preservation.  During broodyears 2002-2004 we will collect and cryo-preserve the milt from up to 200 male coho each year.  These males would consist of returning coho to the Wenatchee Subbasin that were of lower Columbia River hatchery origin (lower Columbia hatchery smolt transfers in 2001-2003 respectively).  In the interim, the program would continue to attempt to collect the majority of the broodstock from returning adults, while substantially reducing the proportion of lower Columbia River smolt transfers released.  After 3-5 coho generations, the preserved milt would be used to fertilize the eggs of a number of female coho that were derived from local broodstock in the Methow or Wenatchee subbasins.  An equal number of females from local stock would be crossed with an equal number of males of local broodstock and from males from a lower Columbia River hatchery.    A yet to be performed power analysis will determine required number of matings to achieve adequate statistical power.  The resulting progeny would be differentially marked to allow identification of returning adults.  We would compare a suite of life history characters, which would include run timing, maturation timing, fecundity, egg size, length at age, sex ratio, and perhaps body morphometrics and neutral quantitative traits that are highly heritable (such as scale counts along the lateral line or vertebrae counts) between the groups of returning adults.  We will also evaluate genetic differences between groups using allelic frequencies.  Microsatellite DNA techniques will be the primary tool. Protein electrophoresis and mtDNA may also be used.

3.b
Task:  Quantify stray rates of program fish to natal lower Columbia River hatcheries and homing to acclimation release sites.

Hypothesis:  Hatchery coho smolts transferred from lower Columbia River hatcheries to the Wenatchee and Methow subbasins do not stray back to their natal hatcheries.  

Rationale:   The feasibility of this coho reintroduction project is reliant upon the use of lower Columbia River hatchery fish to develop naturalized spawning populations.  The first milestone that must be achieved is the return of sufficient numbers of adults to either spawn naturally or to be spawned in a hatchery.  High stray rates of program fish back to their natal hatcheries, or failure to home back to acclimation streams may be a potential factor that could limit project success.  (Dunnigan 2000; 2001) Observations made during spawning in 2001 indicate that coho may be spawning in the mainstem of the Wenatchee and Methow Rivers.  Higher counts on mid-Columbia River dams than observed on the spawning grounds indicate a high drop-out rate within the Columbia River.  A similar phenomenon was observed in the Yakima River (Dunnigan 2000; 2001).  For these reasons we feel this is a critical issue central to project success, and therefore we will attempt to quantify stray rates of program fish back to lower Columbia River hatcheries, and homing rates of program fish back to acclimation release sites.  
Methods:  1) The project will investigate the rates at which transferred hatchery coho stray back to their natal hatcheries.  All fish collected for broodstock at the lower Columbia River hatcheries are examined for the presence of a CWT regardless of the presence or absence of an adipose fin.  Spawning surveys conducted by state and federal agencies in the vicinity of lower Columbia River hatcheries also check carcasses for the presence of CWT regardless of the presence of an adipose fin, and enter data into existing regional databases. 2) The project will investigate straying and drop-out rates of transferred hatchery coho within the mid-Columbia basin.  A sample size of up to 400 adult coho returning to mid-Columbia tributaries will be radio-tagged at Priest Rapid Dam.  A combination of fixed sites and mobile tracking will be used to identify spawning areas, drop-out rates, and stray rates.  We will also recover CWTs from all carcasses during spawning surveys in order to recover release group information.  We will also coordinate with other fisheries agencies within the basin to aid in the recovery of marks to evaluate homing/stray rates.  

g. Facilities and equipment
Hatchery Facilities – The Leavenworth National Fish Hatchery serves as an acclimation site and early egg incubation facility. Entiat National Fish Hatchery will serve as an adult holding site in 2002 and beyond and an early egg incubation facility. Winthrop National Fish Hatchery serves as an incubation, rearing, acclimation, adult holding and spawning facility. Eagle Creek National Fish Hatchery has served as an incubation/rearing facility until 2001 but this part of the production program will be transferred to Willard National Fish Hatchery in 2002 and beyond. Cascade Fish Hatchery (ODFW facility), serves as an incubation/rearing facility. Chiwawa Acclimation Ponds; Eastbank Hatchery Complex  (WDFW), served as an adult holding and spawning facility in 2000 and 2001.  Natural acclimation sites used to date include Butcher Creek (Nason Creek), Swamp Creek (Nason Creek), and Icicle Creek side channel in the Wenatchee Subbasin, and Wolf Creek, Eight Mile Creek and Fulton Irrigation Canal on the Chewuch River in the Methow Subbasin.  Additional temporary acclimation sites to be used in 2002 and beyond include sites on Chumstick Creek, Brender Creek, Beaver Creek, and the Little Wenatchee River in the Wenatchee Subbasin. 

Trapping Facilities – Adult coho returning to the Wenatchee Subbasin are trapped at Dryden Dam, Tumwater Dam, Icicle Creek, and Priest Rapids Dam.  Adult coho returning the Methow River have been trapped at Wells Dam, and the Winthrop NFH.

Office/ Workspace – Office and workspace suitable for 6 people and equipment is currently funded by project # 199604000.

Vehicles – 1- one ton 4x4 pickup, 1 – half-ton 4x4 PU, 1 car, 1-adult fish transportation truck, and 1-juvenile transportation truck are currently funded by project #199604000.  One additional one-ton 4x4 pickup will be required. 

Other Equipment  – Two 22ft outboard motor boats for the Lake Wenatchee coho/sockeye interaction and predation study will be required.
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1.  Tom Scribner, Project Manager.

Responsibilities: oversees all aspects of the project; experimental objective development and data collection, fish rearing, subcontracts, personnel, chairman of the TWG.  Coordinates closely with BPA on contract compliance and NEPA.

THOMAS BROWNE SCRIBNER
EDUCATION
1975-77

University of Washington



Master of Science Degree, 1977




Major:  Fisheries




Thesis: "The Relationship Between Growth and Population Density of Sockeye Salmon Fry."  The study was undertaken to help determine the growth potential of sockeye in natural lake systems.

1967-71

Middlebury College



Bachelor of Arts Degree, 1971




Major:  Biology (Dean's List)

EXPERIENCE
7/82 -

Yakama Nation
  present



Title: Fisheries Enhancement Manager




Oversee all salmon and trout production for the Tribe including all fish propagation/outplantings done by the Yakima Nation or any other fisheries agency.




Tribal representative on the Integrated Hatchery Operations Team.  The team's purpose is to both develop and coordinate regional hatchery policies concerning fish health, genetics and ecological conditions and to provide hatchery performance standards.  The team is also developing a hatchery audit procedure and policy implementation plans.




Tribal representative on the Production Advisory Committee (PAC) established to exchange information and to review and analyze present and future artificial and natural production programs pursuant to the U.S. v. Oregon Columbia River Fish Management Plan.  Committee Chairman, 1993; re-elected for 1994 and 1995.

2.   Keely Murdoch, Lead Monitoring/Evaluation and Operations Biologist.

Responsibilities:  Develops and implements experimental objectives and tasks, oversees field crews in M&E and O&M activities, analyzes data and reports findings through progress reports, presents experimental approach, results, and implications to TWG on a regular basis.

Keely G. Murdoch

3521 Hansel Lane

Peshastin, WA 98847

Education:
M.S. Biology, August 1996
Central Washington University, Ellensburg, Washington

Awarded Graduate Teaching Assistantship.

Thesis: Food Habits and Habitat of Juvenile Chiselmouth, Acrocheilus alutaceus, in the Yakima River, Washington

B.S. Biology, June 1994
Western Washington University, Bellingham, Washington

Professional Experience:

Feb 2000-
Fisheries Biologist

Present

Yakama Nation, Fisheries Resource Management, Leavenworth, Washington

Responsible for implementing the mid-Columbia coho reintroduction feasibility study monitoring and evaluation plan. Design and implementation of biological studies to assess ecological interactions between coho salmon, spring chinook, steelhead, and sockeye salmon.  Studies include radio-telemetry evaluations, redd surveys and superimposition studies, predation studies and residualism studies.  Coordinate activities with the USFWS, USFS, WDFW, CPUD, private landowners and consultants. Contribute to the design, construction and implementation of coho acclimation sites in the Wenatchee River Basin.  Designed and implemented adult coho trapping program in 2000 and 2001. Responsible for spawning up to 1400 coho salmon and egg incubation.  Participate in technical work group meetings. Prepare annual reports and presentations. Supervision of one biologist and up to 6 fisheries technicians.

Mar 1997-   
Fisheries Biologist

Dec 1999
Chelan County Public Utility District, Wenatchee Washington
Prepare, plan, and conduct fisheries studies relating to the Rocky Reach Dam juvenile fish bypass evaluation. Coordinate studies with state and federal agencies and consultants. Plan and participate in spawning ground surveys in the Wenatchee River basin. Prepare written reports and verbal presentations. Maintain and instruct personnel in proper use of a digital video system and other computer programs required for biological studies. Investigate and monitor gas bubble trauma in juvenile salmonids at Rocky Reach and Rock Island Dams. 

 Jan 1999-
 Part-time Instructor 
 Dec 1999  
Wenatchee Valley College, Wenatchee Washington.


Instruction of college level course work in statistical analysis.  Preparation of course work and tests. Present lectures. Evaluate and grade student on academic performance. 

 June 1996-    
  Fisheries Biologist

 Mar 1997    
  U.S. Fish and Wildlife Service, Mid-Columbia River Fisheries Resource Office,

         
  Leavenworth, Washington
Served as Flood Damage Assessment Coordinator. Provided technical assistance to private landowners regarding stream restoration and flood damage prevention.  Planned and organized a workshop to assist landowners in stream restoration. Served as a crew leader on stream habitat inventories.  Conducted electro-fishing and snorkel surveys for population estimates. Participated in spring and summer chinook salmon spawning surveys on the Entiat River. 
3.  Jim Dunnigan,  Project Research/Experimental Design Biologist.

Responsibilities:  Helps develop experimental objectives and tasks, analyses data, and presents experimental approach, results, and implications to TWG on a regular basis.

JAMES L. DUNNIGAN

Department of Natural Resources

Fisheries Program

Yakama Nation

(509) 966-4975

BACKGROUND


1997-present:  

Fisheries Biologist, Yakama Nation, Toppenish, 

Washington.


1996-1997:

Fisheries Biologist, US Forest Service, Coeur d’ Alene

 



Idaho.


1994-1996:  

M.S. Fisheries Resources, University of Idaho, Moscow.


1988-1993:  

B.S. Wildlife Resources, University of Idaho, Moscow.

SELECTED PUBLICATIONS

Dunnigan, J.L., D.H. Bennett, and B.E. Rieman. 1996. The effects of forest management on cutthroat trout in the Coeur d’ Alene River system, Idaho.  Proceedings of the Forest Fish Conference. Calgary, Alberta.


4.  Greg Ferguson, Project Engineer      

Responsibilities:  In charge of all engineering design work on experimental facilities used in the feasibility phase and collecting data on potential facility sites.  This includes all phases of hatchery production from coho adult trapping and holding to eventual acclimation/release of progeny.     

[image: image1.wmf]SEA SPRINGS CO.


Phone: (425) 888-3404

46208 SE 139TH Pl



Fax:      (425) 888-3895

North Bend, WA  98045


Email:   ghf@centurytel.net
GREG FERGUSON - RESUME

EDUCATION








1971 - Bachelor of Science, Aeronautical and Astronautical Engineering, University of Washington.

1973 - Master of Science, Aeronautical and Astronautical Engineering, University of Washington.

1974 – Postgraduate studies in Environmental Engineering, University of Washington.


WORK EXPERIENCE








1972-1974, University of Washington, teaching and research assistant.













1974-1977, Weyerhaeuser Company, aquaculture engineer.




· Salt water salmon rearing systems research.




· Salmon hatchery siting and conceptual design.










1977- Present, Sea Springs Co., president.





· Private hatchery business management.


· Fisheries program development, facilities design and construction consulting.











PROFESSIONAL AFFILIATIONS









American Salmon Growers Association, past-president.






Washington Fish Growers Association.








Marine Technology Society.







5.   Andre Talbot,  CRITFC Geneticist/Ecologist.

Responsibilities:  Provides expertise and guidance on genetic monitoring program.  Oversees collection of genetic data and interprets results. Works with other agency geneticists to evaluate significance and meaning of the data.  Reports to TWG on findings and their implications to the restoration goal.  

André Talbot, Ph.D.
Columbia River Inter-Tribal Fish Commission, 729 NE Oregon St., Suite 200, Portland, OR 97232 Phone: (503) 238-0667; Direct Line: (503) 731-1250; Fax: (503) 235-4228; E-mail: tala@critfc.org


Areas of expertise: 

Evolutionary biology, quantitative genetics, life history ecology, habitat productivity, population dynamic modelling, biostatistics, salmon biology

Educationtc "Education"

Ph.D. (Biology) in population dynamics, with emphasis on modelling and statistical methods. Dalhousie University, Biology Dept. 1994. THESIS: Habitat-dependence of population abundance and variability in juvenile Atlantic Salmon (Salmo salar).


M.Sc. (Biology), in evolutionary ecology. McGill University, Biology Dept., 1983.


B.Sc. Honours (Biology ) in ecology and systematics, with graduation Cum laude. University of Ottawa, Biology Department, 1980.

Experience

Position

Dates

Institution and description

Senior Fisheries Scientist

1997-present

Columbia River Inter-Tribal Fish Commission

Regional Unit Manager and Biostatistician

1994-1997

CARICOM Fisheries Resource Assessment and Management Programme (CFRAMP)

Managing Partner &

Consultant

1989-1994

Talbot and Associates (biostatistics, population dynamics, genetics, development)

Research Associate

1990-1994

Département des Sciences Fondamentales, Université du Québec à Chicoutimi, Québec, Canada

Research Associate & Project Manager

1983-1989

Biology Department, Dalhousie University, Halifax, Nova Scotia

Relevant Projects

Expertise

Project description

Institution or Client

Resource Assessment & Conservation Biology

Development of a conceptual framework for ecological genetics of Pacific salmon conservation

CRITFC



Stock structure of lamprey, Chinook and steelhead

CRITFC



Virtual Population Analysis of Chinook (Oncorhynchus tshawytscha) and steelhead salmon (O. mykiss)

CRITFC

6.  Nancy Weintraub, BPA Environmental NEPA/ESA Specialist.

Responsibilities:  Oversees compliance with all federal environmental requirements related to the project.  Lead person on development of the EA and associated Supplemental Analysis and ESA compliance.  

Nancy H. Weintraub

Experience
1991–present
Bonneville Power Administration
Portland, OR

Senior Environmental Specialist

· Team Lead for Fish and Wildlife Program Environmental Group

· Prepared NEPA documents on fish and wildlife projects and transmission projects

· Lead for Endangered Species Act consultations on fish species


1982–1991
Western Area Power Administration
Sacramento, CA

Environmental Manager

· In charge of all environmental matters for Sacramento Area Office

· Lead Federal staff person on California-Oregon Transmission Project EIS

· Prepared NEPA documents, supervised contractor in charge of compliance with hazardous materials/waste laws


1980–1982
USDA-Forest Service
Ketchum, ID

Fish Biologist

· Sawtooth National Recreation Area fish biologist (trainee)

· Completed stream habitat surveys for anadromous fish streams 

· Completed inventory of streams and water bodies for Forest Plan

Recent NEPA Documents Prepared
1999.  Mid-Columbia Coho Reintroduction Feasibility Project and Finding of No Significant Impact.  DOE/EA1282.

1997.  Methow Valley Irrigation District Project Environmental Assessment and Finding of No Significant Impact  DOE/EA 1181.

1996.  Hood River Fisheries Project Environmental Impact Statement and Record of Decision  DOE/EIS 0241. 

1996.   Yakima Fisheries Project Environmental Impact Statement and            Record of Decision
 DOE/EIS 0169.

Education
1976–1979
Texas A&M University
College Station, TX

· M.S., Zoology.

· Master’s Thesis:  A Modification of MacArthur’s Broken Stick Model and its Application to Aquatic Coleopteran Populations in a Fishless Pond

1972—1976                     University of Wisconsin                Green Bay, WI

· B.S., Ecosystems Analysis

· Two quarters of wildlife courses at University of Montana during Junior year
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