Project ID:  200734400
Lower Columbia River Wild Coho DNA Stock Identification Proposal 

A. Abstract

Fish Friendly Incorporated (FFI) in cooperation with the Washington Department of Fish and Wildlife (WDFW) proposes to develop a DNA baseline for naturally produced coho salmon in the Lower Columbia River tributaries of Washington. The proposal would establish the phenotype for each population within the ESU by randomly sampling DNA from stream reaches within the ESU for three consecutive years. 

In a follow-up phase, the sport fishery in Area 1 and Buoy ten would be sampled for unmarked coho and a DNA sample taken before releasing the unmarked salmon to the sea. 

The samples will be analyzed using micro array and micro satellite methods.  Samples will be processed at the WDFW Genetics laboratory in Olympia, Washington.  This proposal attempts to test the hypotheses:

· Wild populations of coho in the Lower Columbia River are significantly different from each other and from other hatchery and wild coho populations from the Columbia River and other coastal areas.  

· Naturally produced coho populations from the Lower Columbia River can be detected in the sport fishery and the timing and general distribution at the mouth of the Columbia can be determined.

B. Technical and/or Scientific Background

The Problem Addressed By This Proposal

Current Coded Wire Tagging methodology does not adequately allow the detection of natural populations of Columbia River coho in coastal fisheries and during migration within the Columbia River.  Over harvest of natural coho stocks coupled with habitat degradation and massive hatchery production have driven natural stock abundance toward extinction.  Incidental encounters with lower Columbia River natural coho occur in the recreational sport fishery and the commercial fishery. Little information is available concerning their timing in the Columbia estuary and their encounter rate in the marked fish fisheries at Buoy 10 and in the sea.

Coded Wire Tagging Program

 Stock identification over the past twenty years has relied upon the use of coded wire tags inserted into the snouts of migrating hatchery reared juvenile salmon.  Stock contribution to various fisheries along the Pacific coast has been obtained through ocean sampling programs that detect salmon with coded wire tags.  This has historically been done by visual observations of salmon with an adipose fin removed. More recently, fish with missing adipose fins have been used to identify hatchery stocks in general and no longer identify the presence of a coded wire tag.

Through the development of new technology it has been possible to CWT subyearling chinook and to mass mark them as desired.  At the same time new detection equipment allows recovery of CWTs in both commercial and recreational fisheries with the use of metal detectors similar to those used in airports, etc.

However, the major assumption of CWT technology is that the hatchery fish carrying the CWTs behave in the same manner as naturally produced salmon reared in their natal streams.   In addition, the recovery rate from released juveniles in the various Pacific Rim fisheries is relatively small, and stock composition estimates are highly variable.  Alexandersdottir et al (2004) estimated that the percent error of exploitation rates calculated for Washington Soos Creek Hatchery chinook in PSC coastal fisheries varied between 32% and 98%.  In order to increase accuracy of harvest estimates given reductions in fisheries and subsequent recovery of CWTs, a major increase in the number of tagged fish would be required. To avoid these problems, other methods have been tried over the years to detect stocks and track their harvest and migration patterns.  The emerging field of genetics offers options for stock identification and management.

Progress In Using Gene Markers For Stock Identification 

Milner et al. (1977) began looking at the feasibility of identifying discrete chinook salmon populations or geographic areas of the Columbia River by using starch gel electrophoresis protein enzyme alleles. He was able to make some gross distinctions, but resolution was not adequate to seriously compete with the CWT program for managing fisheries and for stock ID. 

The Alaska Department of Fish and Game has been a leader in the use of genetics for stock identification, especially for pink and chum salmon (White, B.A. and J.B. Shaklee. 1997, and Shaklee, J.B., D.C. Klaybor, S. Young and B.A. White. 1991). 

Winans et al (1991) described Asian and Alaskan chum stocks using genetic stock identification (GSI) allozyme baselines.  Phelps et al (1991) described differentiation between hatchery and natural chum in Puget Sound also using allozyme baselines.  

As early as 1985, the Pacific Salmon Commission began a pilot project to use GSI to manage the Fraser River fisheries, and became standard procedure by 1990 (White and Gable 1991)

In 1995, the Washington Department of Fish and Wildlife described genetic diversity units and major ancestral lineages based upon existing data for pink chum and Chinook. (WDFW.1995).  Coho were not described because the variation of isozyme alleles was not significantly different over large geographic areas. 

More recently the ability to evaluate DNA from fish has allowed for resolution of information down to the individual fish and has proven to have much greater ability to provide management answers at the proper scale and resolution.   

The Pacific Salmon Commission (PSC) has been very interested in exploring the use of DNA for coast-wide stock identification of Chinook salmon and other stocks such as pink, chum, and sockeye.  For example, the PSC is currently funding a two year project for on water sampling of the Canadian Northern Boundary sockeye seine and gillnet fleets and evaluated to determine their potential to improve in-season abundance estimates. 

In another study funded by the PSC, Canadian coho will be sampled in the Queen Charlotte sport and troll fisheries throughout the fishing season to determine if the season can be better managed.  Coho DNA samples will be taken using existing creel census systems and sport volunteers. 

Coho GSI for Columbia River Stocks 

Currens and Farnsworth (1993) studied mitochondrial DNA variation in Oregon.  They identified three major groups, north central Oregon coast, south coast, and the Columbia River.

Forbes et al. (1993) through BPA contract DE-B179-92BP30 198 looked at genetic variation in DNA of coho salmon from the lower Columbia River.  Their goal was to find markers that would distinguish natural coho from hatchery coho.  They collected samples from the Oregon portion of the lower Columbia and Oregon coast.  They found that variants at the GH-1 intron C primer were different for Columbia River versus Oregon Coast coho.  Wild fish in either group did not differ significantly from the hatchery stocks in that group.

	Region
	River
	Stock
	Life stage

	Oregon Coast
	Umpqua River
	Rock Creek Hatchery
	Smolts

	Columbia River
	Sandy River
	Sandy hatchery
	Smolts

	Oregon Coast
	Nehalem River
	Wild
	Pre-smolts

	Oregon Coast
	Nehalem River
	Wild
	Fry

	Columbia River
	Clackamas River
	Wild
	Fry


At the time of this study harvest exploitation rates were near 90% for wild coho.  These data are not surprising in that hatchery and wild stocks were nearly identical for Oregon stocks.  

According to the NMFS-NWFSC Tech Memo 24: Status Review of Coho Salmon, the lower Columbia River coho constitute a cluster and includes the southwest Washington coast.  Two sub-clusters were identified one from the Oregon side and the other from the Washington side.  Differences were not explained. All of the stocks used for the analysis were from hatchery fish taken from the hatcheries and may not reflect wild populations.

Lower Columbia Washington coho used to comprise both an early returning fish and a later returning fish.  The later returning fish tended to migrate north along the Washington coast and the earlier returning fish tended to migrate south along the Oregon coast.  Hatchery programs were geared in Washington to produce late returning coho in order to avoid Oregon exploitation.  Samples taken from Washington hatchery coho may not reflect the behavioral or genetic characteristics of wild populations.  

Our proposal will test whether significant differentiation remains or has occurred in the Washington wild natural stocks since the listing of lower Columbia coho under the federal ESA and the subsequent reduction in exploitation rates and implementation of wild coho release fisheries.

There continues to be flooding of the lower Columbia gene pool by stray hatchery fish.  The 2005 spawning surveys in Abernathy Creek conducted by the WDFW showed that 60% of the coho trapped were marked fish (Greg Volkhardt, personal communication).  This is remarkable when no plants have occurred recently in Abernathy Creek.  Two CWTs were recovered, one from the Elochoman Hatchery and the other from an Oregon Hatchery.

Stewart (2003) sampled 730 juvenile coho in the Columbia River plume and from central Oregon to northern Washington from 1998 to 2000. He reported that only 22% of the fish sampled were wild fish originating mostly from coastal Oregon and Washington rivers.  He reported that the most salient feature was the absence of wild juvenile coho from the Columbia River basin.  This study is the first to use genetic data to estimate the stock origins of ocean mixtures of juvenile coho salmon.

There is an ongoing plan coastwide to obtain the phenotypes of as many populations of Chinook and coho salmon as possible in order to manage them through the various fisheries from Alaska to California.  We believe this proposal will contribute to the coast-wide management of coho salmon and the protection and management of Columbia River coho.

C. Rationale and significance to regional programs

There is a need for a coordinated large scale stock assessment strategy for naturally produced salmon and steelhead that provides estimates of contributions to fisheries and to overall run size to the Columbia River that is independent of hatchery CWT and other survival estimates and migratory information dependent upon hatchery programs.

This proposal will help address the critical management uncertainties identified by the NWPCC staff for harvest:

· Uncertainties exist regarding stock-composition and stock specific abundance, escapement, catch, and age distribution of resident and anadromous fish.   Can harvest be managed in mixed stock areas like the ocean and main stem Columbia River by ESU or even individual populations? 

· What new harvest strategies can be employed to increase harvest opportunity while considering harvest mortality impacts on individual populations?

According to the 1991 NOAA Status Review For Lower Columbia River Salmon, 

“It is believed that the majority of naturally produced coho salmon return to the LCR to spawn between early December and March (ODFW 1990b, 1991a,b; Cramer et al. 1991). The Oregon Department of Fish and Wildlife (ODFW) estimated there may be less than 195 of these fish in Oregon and that they may exist only as small, isolated populations in the Lewis and Clark and Sandy River systems (ODFW 1991c).  No detailed information was available from the Washington Department of Fisheries (WDF) on possible locations where natural spawning may occur or on numbers of non-hatchery origin coho salmon that may spawn. The BRT estimated there might be only about 100 post-December spawning coho salmon in lower Columbia River tributaries in Washington.  The NMFS Northwest Fisheries Center collected coho salmon samples from the LCR for electrophoretic analysis. The BRT analysis and a review of the scientific literature of other genetic studies on LCR coho salmon were inconclusive in determining whether distinct coho salmon populations existed in the LCR.  The BRT concluded that the available data fail to identify an existing evolutionarily significant unit in the lower Columbia River. If one or more coho salmon ESUs are present in the Columbia River, fishery management actions and research studies have inadequately documented these populations.”
In the 1995 review, lower Columbia River/southwest Washington coast. Previously, NMFS concluded that it could not identify any remaining natural populations of coho salmon in the lower Columbia River (excluding the Clackamas River) that warranted protection under the ESA.

The Clackamas River produces moderate numbers of natural coho salmon. The BRT could not reach a definite conclusion regarding the relationship of Clackamas River late-run coho salmon to the historic lower Columbia River ESU. However, the BRT did conclude that if the Clackamas River late-run coho salmon is a native run that represents a remnant of a lower Columbia River ESU, the ESU is not presently in danger of extinction but is likely to become so in the foreseeable future if present conditions continue.

For southwest Washington coho salmon, uncertainty about the ancestry of coho salmon runs given high historical and current levels of artificial production prevented the BRT from reaching a definite conclusion regarding the relationship between coho salmon in that area and the historical lower Columbia River/southwest Washington ESU. If new information becomes available, the relationship and status of the ESU will be reexamined.

Early stock coho enter the Columbia River from mid-August to early October with peak entry occurring in early September. Almost all early stock coho remain along the Oregon and southern Washington coasts and most migrate southward from the Columbia River. Since 1970, adult returns of Columbia River early stock coho have ranged from a low of 43,400 in 1983 (El Niño year) to a high of 730,800 in 1986. In 2004, releases of early coho above Bonneville Dam comprised 37% of the total early stock releases.

Late stock coho enter the Columbia River from mid-September through December with peak entry occurring in mid-October. The majority of late stock coho migrates northward from the Columbia River and resides along the Washington coast and Vancouver Island. Hatchery production has expanded since 1975 and is primarily from Washington hatcheries below Bonneville Dam. In 2004, releases of late stock coho above Bonneville Dam comprised 39% of the total late stock releases. Since 1970, Columbia River returns of late stock coho have ranged from a low of 16,800 in 1995 to a high of 796,900 in 1986.
National Marine Fisheries Service (NMFS) has identified areas where monitoring will need to occur to allow for a decision to de-list.  The following is taken from the Washington Governor’s Forum on Monitoring “Recommendations to Salmon Recovery Regions” dated December 7, 2005 and illustrates the two branches (biological and statutory) of the decision framework that will be used in determining when a listed species can be upgraded from “endangered” to “threatened” or is recovered.  On the left are the biological factors that must be considered for salmon Evolutionary Significant Unit (ESUs) and component populations to be deemed viable (Viable Salmonid Populations criteria are abundance, productivity, spatial distribution, diversity). On the right side are statutory considerations; those threats and factors limiting survival that were the reasons for the listing.  In making a determination to upgrade or de-list, NMFS must have a reasonable expectation that the listed ESU is viable and that the threats to the species have been corrected.
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Figure 1.  NMFS Listing Status Decision Framework

This proposal addresses both sides of the diagram because it measures genetic diversity in the remnant populations of coho on the Washington shore of the Columbia River, and it addresses harvest concerns as well.

This proposal is also consistent with the Lower Columbia Salmon Recovery and Sub-basin Plan, Watershed Conditions 7.5.1; and the Columbia Gorge Mainstem Sub-basin Plan under 1.2.3 Research Monitoring and Evaluation, Chum Salmon.

D. Relationship To Other Projects

Project 198201301 PSMFC Coded Wire Tag Recovery Project

The proposed GSI work with coho will complement information obtained by CWT and could in the long run reduce costs of administering CWT to coho in the Columbia River.

Project proposal 200734300 A Proposal to Expand current Juvenile Salmonid Monitoring

Complements proposal by WDFW to increase juvenile monitoring in Lower Columbia River tributaries and provides opportunities for coordinated collection of samples.

Ongoing Columbia River Compact Stock Assessment Monitoring

This proposal complements ongoing funded activities by the states of Oregon, Washington and Idaho in determining stock distribution in the Columbia River and stock strength and timing.   

Collaborative Systemwide Monitoring and Evaluation Project (CSMEP) has been underway over the past two years to develop the most effective monitoring designs for measuring the status and trends of listed salmonid stocks in the Columbia River Basin, and their responses to habitat modification, harvest, hatchery and hydro system actions.  

Our proposal will complement actions and proposals by the Washington Department of Fish and Wildlife to monitor steelhead phenotypes to develop a baseline in watersheds with key populations identified by the NMFS Technical review Teams (TRTs) as necessary for recovery by enumerating juvenile migrants and adult spawners for those watersheds.  

Ongoing Project Effectiveness Monitoring and Validation Monitoring of Restoration Actions.
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Numerous habitat restoration actions have been implemented in Washington through various funding sources including the NWPCC and the SRFB. Effectiveness monitoring is underway in Washington to determine which kinds of projects are most effective and whether they actually create more juvenile salmon (Validation).  Habitat losses are also occurring at the same time that restoration actions are underway. Large scale watershed condition monitoring allows more accurate interpretation of action effectiveness monitoring by relating local watershed responses to responses at a larger scale.  This proposal will strengthen ongoing validation monitoring at Germany, Mill, and Abernathy Creeks in the Lower Columbia where those watersheds are being intensively monitored for fish production resulting from restoration actions and for other project scale evaluations sprinkled across the Columbia Basin.

Cedar Creek Evaluation

Complements adult and juvenile monitoring funded by the Salmon Recovery Funding Board for Cedar Creek (NF Lewis River). In that comparisons can be made to juvenile migrant DNA profiles and returning Adult profiles.

Kalama River Research

Complements ongoing long-term genetic studies in the Kalama River regarding juvenile monitoring funded through Mitchell Act.

E. Project History

This is a new project that would potentially replace other ongoing monitoring activities.

F. Proposal Biological Objective, Work Elements, and Methods

Monitoring Questions

Since loss of species diversity due to over harvest and hatchery programs has been identified as major factors limiting the recovery of salmon, it is important to know whether genetic diversity exists and has been improving as a result of restricted harvest and habitat restoration actions within the sub-basins of the Columbia River and within the NMFS identified ESUs for salmon and steelhead.  This proposal intends to answer the questions:

1. Can populations of wild coho salmon in Lower Columbia River tributary streams be differentiated from each other based upon DNA analysis?

2. If so, what is the contribution of lower Columbia River wild coho in the sport wild release fisheries of Buoy 10 and Area 1at the mouth of the Columbia River?

3. If so, what is the timing of these populations as they pass through the Catch Area 1 and Buoy 10 fisheries?

Objectives

The Objectives of this proposal are to:

1. Measure the baseline genetic diversity of coho salmon populations in the tributary streams of the Lower Columbia River within the Lower Columbia River ESU. 

2.  Sample the DNA of sport caught salmon with intact adipose fins caught in the Buoy 10 and Area 1 fisheries before they are released back to the sea to determine if tributary populations can be identified;

3. Based upon samples taken in the sport fishery determine whether the timing of passage of tributary wild stocks through the Columbia River estuary can be determined.

Monitoring Design

Instream Sampling Phase 1
1. In order to be able to determine the phenotype of Lower Columbia River tributary coho populations, we intend to randomly select locations to sample within each stream in the ESU for a total of fifty sites within the ESU.

2. We intend to collect a minimum of 50 samples of DNA from every major tributary stream within the Lower Columbia River Coho ESU.

3. We intend to replicate the information for three years. 

There are 18 significant streams on the Washington shore and 

4. Twenty thousand random site locations have been identified throughout Washington with the assistance of the US EPA office in Corvallis, Oregon.  We intend to use these sites as part of the random design and to tie whatever habitat and water quality information may be associated with these sites to our genetic sampling as well.

5. In addition, cooperation with WDFW efforts in the Intensively monitored watersheds, Abernathy, Mill, and Germany Creeks as well as Cedar Creek and Kalama River will allow for DNA sampling of migrant coho juveniles as a comparison to instream samples

Table 1.  LCR tributary DNA baseline sampling schedule

	Sample Sites
	2007
	2008
	2009
	Total

	Grays
	50
	50
	50
	150

	Chinook
	50
	50
	50
	150

	Skamokawa
	50
	50
	50
	150

	Germany
	50
	50
	50
	150

	Mill Abernathy
	50
	50
	50
	150

	Mill
	50
	50
	50
	150

	Elochoman
	50
	50
	50
	150

	Lower Cowlitz tribs
	50
	50
	50
	150

	SF Toutle
	50
	50
	50
	150

	NF Toutle
	50
	50
	50
	150

	Coweeman
	50
	50
	50
	150

	Kalama
	50
	50
	50
	150

	NF Lewis Cedar Creek
	50
	50
	50
	150

	Washougal
	50
	50
	50
	150

	Rock Creek
	50
	50
	50
	150

	Hamilton Creek
	50
	50
	50
	150

	Wind River
	50
	50
	50
	150

	Little White Salmon river
	50
	50
	50
	150

	Total
	900
	900
	900
	2,700


Phase 2 -In Fishery Sampling

1. In order to be able to sample the sport fishery for coho, we propose to place samplers upon cooperating boats in the charter fleet between Cape Falcon and Ledbetter Point and to enlist the assistance of the sport fishing community to help take samples of DNA in the Buoy 10 sport fishery. 

2. We intend to take as many as can be obtained given conditions in the fishery, cooperation, and overall angler success.

3. We propose to do this in 2009, 2010, and 2011 when juveniles sampled in the streams will be returning as adults to spawn

Table 2.  In Season Fishery Sampling Proposal

	Sample Sites
	2009
	2010
	2011
	Total

	Buoy 10 Fishery
	100
	100
	100
	300

	Area 1 Sport
	100
	100
	100
	300

	Area 1 Troll
	100
	100
	100
	300

	Late Fall Gillnet
	100
	100
	100
	300

	Total
	400
	400
	400
	1,200


DNA Sampling

We intend to have all samples analyzed by the Washington Department of Fish and Wildlife Genetics Laboratory located in Olympia, Washington.

Analysis will include both micro satellite and micro array technologies to create the largest number of possible loci to detect unique genetic characteristics.

Sub-basin plans in Washington do not correspond directly to Washington Watershed Resource Inventory Areas (WRIAs) nor are they specific to certain smaller watersheds within a sub-basin.  For example in the Lower Columbia sub-basin there are numerous major streams. Only some of those streams and their watersheds are proposed for sub-basin scale monitoring in this proposal.

Project Duration

We propose three years to complete the development of baseline information from the watersheds and another two years to complete sampling the Columbia River fisheries for any unique genetic stock information obtained  

DNA Analysis Methods

The protocols for evaluating DNA at the WDFW laboratory have been described by Shaklee and Young (2003).  The following is a brief description.  A small piece of fin tissue will be digested in a 5% chelex solution containing proteinase K (Sigma).  The sample will be extracted for 30-180 minutes at 65 degrees Centigrade.  Thereafter, heat is applied for five minutes at 95 degrees Centigrade to denature the proteins.  A portion of the DNA extract is diluted to create an expression of the microsatellite loci.  The samples as are stored at constant temperature at 5 degrees C. pending completion of the analysis.

The DNA loci will be amplified via a polymerase chain reaction.  The Data for all loci will be used to determine the analysis.

G. Facilities and Equipment

In Stream Genetic Stock Baseline sampling

Principal Investigator
@ $5,000/mo*8



$40,000

Research Fish Assistant
@  $3,000/mo*4mo


  
$12,000

Statistician 
              
@  $4,771/mo*1mo



$ 4,771

Benefits 
           
@ 4 mo (.33 FTE)



$11,354

Total









$68,125
Equipment: 
computer @ $50/mo*12 mo


   
$   600 



Electrofisher






$ 6,400

Supplies








$ 1,000

Travel 
1500miles/mo * 5mo




$ 3,500

Laboratory Analysis @ $35/sample*900/year



$31,500
Publications








$     500    









_______

Total


$111,625


Table 3.  Budget for three years of tributary DNA baseline sampling FY-2007-09.

	Item
	2007
	2008
	2009*
	Total

	Staff
	$56,771
	$56,771
	$56,771
	$170,313

	Benefits
	$11,354
	$11,354
	$11,354
	$34,062

	Equipment
	$7,000
	$1,000
	$1,000
	$9,000

	Travel
	$3,500
	$3,500
	$3,500
	$10,500

	Supplies
	$1,000
	$1,000
	$1,000
	$3,000

	Lab Work
	$31,500
	$31,500
	$31,500
	$94,500

	Pub/Permits
	$500
	$500
	$1000
	$2,000

	Total
	$111,625
	$105,625
	$106,625
	$323,375


In Season Fishery Stock ID Sampling

Principal Investigator
@ $5,000/mo*4



$20,000

2 On Board Fish Checkers
@  $2,000/mo*4mo


  
$16,000

Statistician 
              
@  $4,771/mo*1mo



$ 4,771

Benefits 
           
@ 4 mo (.33 FTE)



$15,786

Total









$56,557
Equipment: 
2- GPS hand held devices 



   
 $ 0

Travel 
1500miles/mo * 5mo




$3,500

Laboratory Analysis @ $35/sample*400/year



$14,000










_______

Total









$76,057

Table 4.  In fishery sampling for 2007-09 period

	Item
	2007
	2008
	2009
	Total

	Staff
	$0
	$0
	$40,771
	$40,771

	Benefits
	$0
	$0
	$15786
	$15,786

	Equipment
	$0
	$0
	$0
	$0

	Travel
	$0
	$0
	$3,500
	$3,500

	Supplies
	$0
	$0
	$1,000
	$1,000

	Lab Work
	$0
	$0
	$14,000
	$14,000

	Pub/Permits
	$0
	$0
	$1,000
	$1,000

	Total
	$0
	0
	$76,057
	$76,057


Table 5. Fishery sampling for out years.

	Item
	2010
	2011
	Total

	Staff
	$56,557
	$56,557
	$113,114

	Equipment
	$0
	0
	$0

	Travel
	$3,500
	$3,500
	$7,000

	Supplies
	$1,000
	$1,000
	$2,000

	Lab Work
	$14,000
	$14,000
	$28,000

	Pub/Permits
	$500
	$1,000
	$1,500

	Total
	$75,557
	$75,557
	$151,114


Data Management

· We propose to provide all data to the BPA Pisces system as it develops the capacity to receive it and to store it.  

· Also, we propose to store information in the WDFW genetics database where it can be accessed for future Columbia River reports.

· The data dictionary will be consistent with any Pacific Coastal Salmon Recovery Fund (PCSRF) reporting metrics provided to Congress and

· All sites will be geo-spatially referenced; 

Results and Reports

We will submit monthly status reports online in Pisces as required. Monthly reports will be submitted on the 7th of each month or as instructed, and will cover the previous month's activities. Quarterly reports will be submitted on the 15th of each month or as instructed, and will cover activities of the previous quarter (the past three months). 

Data collection will be completed by the end of October in each calendar year.  Analysis of tissue samples will extend the period of time summary reports can be written by three months.  The reporting will be completed by providing information on PISCES and on the WDFW web site and providing brief summary interpretations for each monitoring year in writing and to the NWPCC as desired.  

A larger and more complete report will be published in the third year of Lower Columbia River tributary sampling.

H. References

Alexandersdottir, M., A. Hoffman, G. Brown, and P. Goodman. 2004. Technical review of the CWT System and its use for Chinook and coho salmon management.  CWT Workshop. Pacific Salmon Commission. 50p.

Forbes, S, K. Knudsen, and F. Allendorf. 1993. Genetic variation in DNA of coho salmon from the lower Columbia River, Final report.  Bonneville Power Admin. Project number 92-03 5. 25p.

Phelps, S., B. Tweit, and S. Bishop. 1991. Potential uses of GSI to lessen management conflicts between hatchery and wild chum stocks. Proc. 15th NE Pacific Pink and Chum Workshop:pp182-190.

Milner, G.B. 1977. Biochemical genetic variation: Its use in mixed fishery analysis. Genetic Implications of Steelhead Management, California Coop. Fish. Res. Unit Spec Rpt. 77-1; pp10-15.

Shaklee, J.B., D.C. Klaybor, S. Young and B.A. White. 1991. Genetic stock structure of odd-year pink salmon, O. gorbuscha (Walbaum), from Washington and British Columbia and potential mixed-stock applications. Journal of Fish Biology (1991) 39 (Supp. A): 21-34.

Shaklee, J.B. and S. Young. 2003.  Microsatellite DNA analysis and run timing of chinook salmon in the White River (Puyallup River Basin). Wa. Dept Fish Wildlife. Olympia. 69p.

Stewart, G.W. 2003. Genetic analysis of juvenile coho salmon off Oregon and Washington reveals few Columbia river wild fish. Fishery Bulletin 101:640-652.

Weitkamp, L.A., T. C. Wainwright, G.J. Bryant, G.B. Milner, D.J. Teel, R.G. Kope, and R.S. Waples. 1995. Status review of coho salmon from Washington, Oregon, and California. NOAA Tech Memo NMFS-NWFSC-24: 

White, B., and J. Gable. 1991. In season management of Fraser River pink salmon using GSI techniques. Proc. 15th NE Pacific Pink and Chum Workshop:pp194-200.

White, B.A. and J.B. Shaklee. 1997. Marine migration patterns and proportions of adult Fraser River pink salmon in southern British Columbia and northern Washington fisheries. Proceedings of the 18th Northeast Pacific Pink and Chum Salmon Workshop. Nanaimo, B.C. Department of Fisheries and Oceans. pp. 14-27.

Winans, G.A., P.B. Aebersold, and S. Urawa. 1991. Genetic stock identification of chum salmon: status of the allozyme baseline in Asia.  Proc. 15th NE Pacific Pink and Chum Workshop:pp175-181.

I. Key Personnel

Bruce Crawford

Fish Friendly Inc.

Tumwater, WA.

Education
M.S. Fisheries

University of Washington, 1973



B.A Biology


Florida State University, 1968

Summary of Qualifications

Over 30 years hands on experience in fisheries management, monitoring, and research of freshwater and marine fisheries and their habitats, including three years as project leader for the Kalama River steelhead genetics studies of the survival and behavioral interactions between hatchery and wild steelhead.  Chief of Fisheries for Washington Department of Fish and Wildlife for five years.  Recently acting as monitoring program manager for Washington Salmon Recovery Funding Board.

Experience

	Monitoring Project Manager
	Washington Salmon Recovery Funding Board/Governor’s Salmon Recovery Office
	2001-present

	Division Manager
	Licensing Division-

WA. Dept. Fish & Wildlife - Olympia
	1999-2001

	Assistant Director

(Fisheries Chief)
	Fish Program 

WA. Dept. Fish & Wildlife - Olympia
	1996-1999

	Assistant Director
	Management Services

WA. Dept. Fish & Wildlife - Olympia
	1995-1996

	Assistant Director

(Fisheries Chief)
	Fish Program

WA. Dept. Fish & Wildlife - Olympia
	1994-1995

	Assistant Director

(Fisheries Chief)
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WA. Dept. of Wildlife - Olympia
	1991-1994

	Assistant Director
	Field Operations

 WA. Dept. of Wildlife - Olympia
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Crawford, B.A. 1998.   The Pacific Salmon Treaty: The Washington Department of Fish and Wildlife Perspective. Willamette University College of Law.  Vol. 6:1, pp. 113-120.

Crawford, B.A. 1986. Recovery of game fish populations impacted by the May 18, 1980 eruption of Mount St. Helens.  Part II. Recovery of surviving fish populations within the lakes in the Mount St. Helens National Volcanic Monument and adjacent areas.  Wa Game Dept.
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Kenneth I. Warheit

Washington Department of Fish and Wildlife, 600 Capitol Way N., Olympia, WA 98501

Phone 360-902-2595; FAX 360-902-2943; email warhekiw@dfw.wa.gov
EDUCATION

University of California, Berkeley.  Ph.D. Integrative Biology/Paleontology, April 1990

University of California, Santa Cruz.  non-matriculating 1981
University of Michigan, Ann Arbor.  B.Sc. in Natural Resources, April 1979

PROFESSIONAL POSITIONS

· Director, Genetics Laboratory - Washington Department of Fish and Wildlife. Coordinate, direct, and supervise all fish and wildlife genetics research conducted by the Washington department of Fish and Wildlife (Aug. 2005 – present).
· Senior Research Scientist - Washington Department of Fish and Wildlife. Coordinate and supervise all wildlife-related research in the western half of Washington State; includes supervision and budget management of marine mammal, marine bird, carnivore, mountain goat, and animal health research, as well as statewide program in wildlife conservation genetics (Jan. 2002 – Aug. 2005)
· Senior Research Scientist - Washington Department of Fish and Wildlife. Develop and coordinate statewide program in wildlife-related conservation genetics (Aug, 1998 - present)

· Research Scientist - Washington Department of Fish and Wildlife. Coordinate statewide research in resource damage assessment and restoration activities, including population biology and genetics research (Aug. 1994 - Aug. 1998).

· Resource Program Manager - Washington Department of Wildlife (now Fish and Wildlife).  Designed and administered statewide oil-spill response technical support and baseline data programs (Nov. 1993 - Aug. 1994).

SELECTED PUBLICATIONS (within past 10 years)
Spaulding, A.W., K.E. Mock, M.A. Schroeder, and K.I. Warheit. in press.  Recency, range expansion, and unsorted lineages: Current and historical genetic variation in the Sharp-tailed Grouse (Tympanuchus phasianellus).  Molecular Ecology
Warheit, K.I.  2002.  The seabird fossil record and the role of paleontology in understanding seabird community structure.  Pages 17-55 in Biology of Marine Birds (Schreiber, E.A., and J. Burger, Eds.).  CRC Press, Boca Raton.  

Losos, J.B., T.W. Schoener, K.I. Warheit,.and D. Creer  2001.  Experimental studies of adaptive differentiation in Bahamian Anolis lizards. Genetica 113-114:399-415. 
Ibarguchi, G., T.P. Birt, K.I. Warheit, P.T. Boag, and V.L. Friesen.  2000.  Microsatellite loci from Common and Thick-billed murres, Uria aalge and U. lomvia.  Molecular Ecology 9:638-639.

Warheit K.I., J.D. Forman, J.B. Losos, and D.B. Miles.  1999.  Morphological Diversification and Adaptive Radiation: A Comparison of Two Diverse Lizard Clades.  Evolution 53:1226-1234.

Lindberg, D.R., J.A. Estes, and K.I. Warheit.  1998.  Human influences on trophic cascades along rocky shores.  Ecological Applications 8:880-890.  

Losos, J.B., K.I. Warheit, and T.W. Schoener.  1997.  Adaptive differentiation following experimental island colonization in Anolis lizards.  Nature 387:70-73
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