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A. Abstract 
This project seeks to use Genetic Stock Identification (GSI) and Passive Integrated Transponder (PIT) tags to better assess Chinook salmon and steelhead adult migratory timing and survival through the Columbia River hydrosystem.  Adults will be sampled at the Bonneville Dam Adult Fish Facility for scales, length, and tag and biological information in conjunction with existing Columbia River Inter-Tribal Fish Commission monitoring programs.  Adults will also be PIT tagged and non-lethally sampled for genetic material.  Upstream PIT tag detections will be used to track tagged and sampled fish through the hydrosystem and, in some cases, into the tributaries.  GSI will identify the stock of many of these PIT tagged fish, allowing stock-specific upstream migration timing and mortality to be calculated.  We also plan to use the PIT tag data to estimate stray rates and fall back, where possible on a stock-specific basis.   
B. Technical and/or scientific background

Since 1985, the Columbia River Inter-Tribal Fish Commission (CRITFC) has, using Pacific Salmon Commission (PSC) funding, sampled Chinook salmon at Bonneville Dam to determine age, length-at-age (Whiteaker and Fryer 2007).  In 2004, we took over a similar long-running steelhead sampling program at Bonneville Dam from Oregon Department of Fish and Wildlife (Whiteaker and Fryer 2007).  The development and maturation of two new technologies, Genetic Stock Identification (GSI) and Passive Integrated Transponder (PIT) tags has provided an opportunity to greatly expand the information we can obtain from our Bonneville monitoring program.  
Genetic Stock Identification methods have proven to be effective in determining the proportion of stock origin in several mixed stock fisheries (Beacham et al. 1999, Shaklee et al. 1999).  This proposal includes sampling unknown Chinook salmon and steelhead at Bonneville Dam for genetic analysis.  Each species will be sampled over the entire length of the run on a weekly basis.  Current assignment of Chinook salmon to spring, summer and fall by date of passage is to some extent arbitrary.  However, few studies have been able to determine the extent of overlap among these life history types.  GSI of each life history type will allow us to determine the stock composition of the different runs through Bonneville Dam with greater accuracy than current methods (Figure 1).  A primary advantage of GSI is that this method determines composition of all stocks, including wild populations that do not have CWT data (Figure 2).  Population genetic methods and statistical assignment models taking advantage of the power of microsatellite techniques have evolved dramatically in recent years, and assignment of individual fish to their population of origin is now possible using Bayesian or Maximum Likelihood methods (Hansen et al. 2001).

PIT tag readers are now installed at fish ladders at almost all mainstem Columbia and Snake river dams, as well as at dams and weirs on many tributaries.  Therefore, by inserting PIT tags in fish that we sample at Bonneville Dam, we can track those fish upstream giving valuable information on migration timing and survival rates.  PIT tags can provide much of the same information as radio tags at minimal expense, with greater sample sizes and reduced impact on the tagged fish.  Furthermore, unlike radio tags, this information is readily available to all managers and researchers on a real-time basis through the PTAGIS system.  The information obtained by PIT tags can be further expanded by also taking and analyzing genetic samples from those fish that are PIT tagged.  It then becomes possible to, for many stocks of Chinook salmon and steelhead, determine migration timing, stray rates and upstream survival on a stock-specific basis without using radio tags. 
Almost all PIT tagging presently done in the Columbia Basin is conducted on juveniles, either at hatcheries or at smolt traps located in some tributaries.  These efforts predominantly study the effects of the downstream juvenile migration but rarely tag enough fish to assess the adult return.  There are also many salmon stocks for which no PIT tagging is done, thus it is difficult to answer questions on upstream migration timing, straying, and survival.  This study will likely tag salmonid stocks which have not previously been tagged.  Unlike PIT tags applied to juveniles, by PIT tagging returning adults at Bonneville Dam, we can tag a reasonably representative sample of the run which could be useful other researchers and managers.
C. Rationale and significance to regional programs

Upstream migration of adult salmon is considered of critical importance to regional programs, and is considered a priority in the Mainstem Amendment Strategies (page 17).  The combination of GSI methods to identify stocks and PIT tagging allows wild and hatchery adult fish to be tracked through the hydrosystem, and their reaction to changing conditions to be monitored.  For example, the ISRP and ISAB Example Summary Research Plan list as critical uncertainties the following:

1. What is the relationship between levels of flow and survival of juvenile and adult salmon and steelhead (including kelts) through the Columbia hydrosystem? Do changes in spill and other flow manipulations significantly affect water quality, smolt travel rate, and survival during migration?  How do effects vary among species, life-history stages, and migration timings? What is the role of hydrodynamic features other than mid-channel velocity in fish migration?  

2. What are the effects of multiple dam passages, transportation, and spill operations on adult salmon migration behavior, straying, and pre-spawn mortality, and SARs?   

3. What is the effect of hydrosystem flow stabilization, flow characteristics, and channel features on anadromous and resident fish species and stocks? 
4. What are the optimal temperature and water quality regimes for salmonid survival in tributary and mainstem reaches affected by dams, and are there options for hydrosystem operations that would enable these optimal water quality characteristics to be achieved? What would be the effects of such changes in operations and environment on anadromous and resident fishes, shoreline and riparian habitat, and wildlife?

Recently the ISAB (2005) published a report on harvest management of Columbia Basin salmon and steelhead.  They recommended that quantitative data on individual production units be collected and used to better manage fisheries.  Implementation of GSI and PIT tag technology could make monitoring individual production units in mixed stock areas possible.  This could lead to reduced uncertainty in harvest expectations and limits.  For example, the delayed timing of the 2005 spring run at Bonneville Dam was highly unusual and escapement was approximately 60% lower than predicted.  This study design allows us to investigate whether specific stocks are “missing” in some run years, or if all contributing stocks are depressed in years with unusual and low escapement. 
The 2004-2008 Implementation Plan for the Federal Columbia River Power System, Hydrosystem substrategy 1.2, mainstem adult fish passage improvement calls for the following:

· Evaluate adult delay and fallback with new spill patterns (p. 28).
· Adult migration studies–continue adult passage telemetry to evaluate adult survival through the hydrosystem including assessment of straying and unaccounted loss. Analysis will provide information necessary to assess the adult PIT-tag passage indices. (p.29)
· Complete analysis of adult fallback through Bonneville Dam and make recommendations on potential improvements. (p. 71)
The long term tracking of fish with PIT tags could offer valuable information on delay, straying, and unaccounted loss through the hydrosystem.  Fallback is another area of importance where PIT tags can be valuable.  PIT tagged adults that fallback through juvenile bypass systems will be detected in those bypass systems.  PIT tagged adults that pass over the spillway or through the turbines (and survive) will be detected if they choose to reascend the fish ladders.  
D. Relationships to other projects

This project will run simultaneously with our other Bonneville sampling projects (Age, length-at-age, and stock composition of Columbia Basin Chinook salmon and steelhead; funded by the Pacific Salmon Commission and NOAA Biological Opinion).

It is expected that other projects monitoring PIT tagged returns to subbasins will find the record provided by fish we PIT tag useful.  
E. Project history (for ongoing projects) 

N/A
F. Proposal biological objectives, work elements, and methods.  
Biological Objectives

1) Determine stock-specific run timing of Chinook salmon and steelhead passing Bonneville Dam.  

2) Estimate stock-specific upstream mortality and straying with GSI estimates and PIT tag detections. 

Methods:
Work Element 1.1 Collect/Generate/Validate Field and Lab Data - Sample Tissues of Chinook and Steehead.
We plan to collect tissue samples in the form of fin punches from each Chinook salmon and steelhead that we PIT tag and then utilize Genetic Stock Identification (GSI) techniques to assign these to their population of origin. Sampling will occur at Bonneville Dam, on a weekly basis, throughout the run of each species (early spring through late fall) in 2008.

Work Element 1.2 Collect/Generate/Validate Field and Lab Data – Genotype Chinook salmon and steelhead samples.
Tissue samples will be shipped to the Hagerman Fish Culture Experiment Station for genetic analysis. DNA will be extracted from tissues and genotyped with 13-17 microsatellite loci and assigned to population of origin using an existing microsatellite baseline of Chinook salmon and steelhead populations.
Work Element 1.3 Analyze/Interpret Data - GSI Estimates

Genetic stock identification methods will be utilized to estimate stock composition of Chinook and steelhead adults passing Bonneville Dam. Samples will be divided into bi-weekly or weekly mixture samples as collection size allows.  We also plan to identify the stocks of origin in each run (spring, summer, fall) in comparison to previous years data to assist in determining the sources of each run.

Work Element 2.1 Collect/Generate/Validate Field and Lab Data – PIT Tag Chinook and steelhead

PIT Tag up to 1500 Chinook salmon (500 spring, 500 summer, and 500 fall), and 1000 steelhead at the Bonneville Dam Adult Fish Facility.

Work Element 2.2 Analyze/Interpret Data – PIT Tag Detections and Analysis
We will track each fish PIT tagged on the upstream migration through the PTAGIS database. Since, for many of these fish, we will know the stock because of GSI analysis, we can determine stock-specific migration timing and mortality through the hydrosystem and, where PIT tag detection facilities are available, into some tributaries. Fallback and straying will also be estimated. 

Work Element 3.1 Disseminate Raw/Summary Data and Results - Reporting of Results
In-season updates will posted online at the CRITFC website.  Results from this study will be disseminated in a report to BPA, as well as submitted for publication.

G. Facilities and equipment 

We will be using the same field equipment, laboratory and office space and equipment as we presently use for our Bonneville sampling program.  We anticipate that the extra time demands placed on our sampling by this project will require approximately two additional day of sampling per week.
Genetic analysis will be completed at the Hagerman Fish Culture Experiment Station operated by University of Idaho and CRITFC staff.  The Hagerman site houses multiple laboratories (including genetics, nutrition, and culture) with staff and office space.  The genetics laboratory is fully equipped with all major hardware to complete the objectives of this project.  This includes robots for DNA extraction, thermal cylcers for PCR, and high throughput ABI capillary sequencers.
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Fisheries Biologist, Columbia River Inter-tribal Fish Commission, Portland, Oregon.  April 1999-present.

Assist researchers on several projects related to anadromous fish production and passage within the Columbia River Basin.  Specific studies include: monitoring adult salmon passage over Bonneville dam, and CWT tagging juvenile fall Chinook salmon in the Hanford reach.  Specific duties include: Supervise field crews for fish capture and assessment, coded wire tagging, PIT tagging, collecting and cataloging specimens/tissue samples for genetics, and radio and acoustic tracking fish by boat and plane.  Other duties include collect and compile data from several state and federal agencies, the use of computers and related software for word processing and for data entry, data management and analysis, the use of pertinent sampling and testing equipment in the field and in the lab, and assist in developing and submitting proposals, reports and technical reviews.

Fish and Wildlife Biologist, Biological Resource Division (USGS), Reno Field Station, Nevada.  June 1995-Oct. 1998.  Assist in determining the status of the endangered Lost River and Shortnose suckers within the Klamath basin of Southern Oregon and Northern California using an ecosystem approach.  Population dynamics, food habits, general distribution, reproduction, age structure, life history and water quality were considered.  Specific duties include: fish capture and assessment, PIT tagging, dissection for removal of physiological and genetic samples, radio telemetry, fish kill investigation, stream surveys, spawning substrate analysis, aging using opercles and otoliths, computer software for data entry and analysis, and the use of pertinent sampling and testing equipment in the field and in the lab.  Other duties, as crew leader, were to assist in the planning, implementation and management of research projects within the Klamath Duty Station.  Coordinate efforts with federal and state agencies, private consultants, and the Klamath Tribes.  I have also assisted in writing reports and technical protocols.

Related Expertise

Assist in coordinating and conducting field research; which includes supervising field crews for, and participate in, fish capture and assessment, PIT tagging, data management and analysis, and report writing.
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Figure 1.  Likelihood of assignment of individual Chinook salmon to either, spring, summer, or fall run type, as collected throughout the entire run of 2005.  Each vertical bar represents an individual fish and its assignment likelihood to one of the three runs based on genetic identity.  Typical cut-off dates for run types are given below the figure as well as the revised cut-off date (June 15) for spring run in 2005. (Figure from Narum et al. 2007.)
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Figure 2.  Stock composition estimates from GSI methods of summer (a), and fall (b) runs of Chinook salmon collected at Bonneville Dam in 2005.  (Figure from Narum et al. 2007.)
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		GSI Utilities Output

		Run Time                8/24/2006 9:52:29 AM

		Mixture file:           Unknown mixture from Bonneville Dam June 16-July 2005

		Baseline file:          Title line:"ColBaseX"

		Sampling Zero Strategy: RM

		Results by Reporting Unit

		LowCol		0.4%

		Willamette		0.2%

		DeschutesOT		0.0%

		SnakeOT		1.6%

		midupColOT		91.9%

		CalOT		0.0%

		LewisHsp		0.0%

		Klicksp		0.4%

		YakimaST		0.2%

		TucST		0.0%

		SFSalST		1.5%

		MFSalST		0.0%

		upSalST		2.2%

		RapCWST		0.8%

		midColST		0.0%

		upColST		0.8%

		LostST		0.0%

		AKST		0.0%

		Results by Baseline Population

		CowlitzHfa		0.4%

		LewisRf		0.0%

		SandyR		0.0%

		CowlitzHsp		0.0%

		KalamaHsp		0.0%

		LewisHsp		0.0%

		McKenzieH		0.2%

		NSantiamH		0.0%				Stock		summer		fall

		SpringCrH		0.0%				mid/upper Columbia		90.2		70.1

		UDRBX		0.01%				Deschutes		2		3

		LDeschutesR		0.00%				Klickitat		1.7		3.7

		CarsonH		0.2%				Snake		1.6		21.7

		WarmSpringsH		0.0%				Other		6.5		2.5

		KLCKspBX		0.4%

		KLCKsuBX		0.3%				mid/upper Columbia		70.1

		KLCKfaBX		1.4%				Deschutes		3

		SHIBX		0.0%				Klickitat		3.7

		JohnDayR		0.0%				Snake		21.7

		YakimaH		0.2%				Other		2.5

		WenatcheeR		0.0%

		METspBX		0.4%

		ENTBX		0.2%

		HanfordReach		15.5%		90.2%

		PRHBX		6.8%		9.8%

		WellsH		33.9%

		MethowR		34.0%

		TUC		0.0%

		IMN		0.6%

		MIN		0.3%

		LOSTBX		0.0%

		CATBX		0.3%

		LFH		0.7%

		CWFCHBX		0.9%

		NPTHBX		0.0%

		LOLOBX		0.0%

		NEWSBX		0.0%

		DWOBX		0.2%

		CWCRBX		0.0%

		POWBX		0.0%

		SFCWBX		0.0%

		RAP		0.0%

		BCBX		0.0%

		BIGBX		0.0%

		JCBX		0.5%

		SEC		0.3%

		McCHBX		0.1%

		SAWBX		0.6%

		WFYF		0.0%

		EFSR		0.4%

		PAHBX		1.2%

		MAR		0.0%

		BattleCr		0.0%

		ButteCrSp		0.0%

		KlukshuR		0.0%

		SitukR		0.0%
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