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a. Abstract 
In general, this ongoing project provides genetic information to fisheries and resource managers to aid in the restoration and recovery of sockeye and kokanee populations in the Columbia River Basin.  The project also provides the same type of information for chinook salmon populations in the Salmon River Basin. Specifically, this project provides ‘real time’ genetic profiles (information on genotypes and pedigrees) for returning sockeye and chinook salmon currently in captive rearing or captive broodstock programs. This project serves to evaluate these captive broodstock and captive rearing technologies as a means of conserving genetic diversity, directly addressing BiOp RPA’s 175, 177, 182 and 184 and the Actions outlined in the Mainstem/Systemwide Province Artificial Production Program Summary. This research has resulted in a comprehensive mitochondrial and nuclear database for these populations. These genetic profiles can be used to assess immediate and long-term genetic risks to Snake River sockeye and Salmon River chinook salmon from captive propagation programs. The present target populations are listed as federally threatened or endangered species. Moreover, genetic analyses using microsatellite loci begun in 1999 has been greatly expanded in 2002 from a pilot study to provide even greater detail and a comprehensive “megadata” base.  Broodstock and captive rearing programs are conducted by the National Marine Fisheries Service (BPA program # 199204000 and #199606700) and the Idaho Department of Fish and Game (BPA program # 199107200, #199700100).  Our objectives are commensurate with the responsibilities and objectives of the fore mentioned agencies as well as those of the Sho-Ban Tribe (BPA program # 199107100) and the IDFG evaluation of chinook captive rearing demonstration technology (BPA program #199801002). Thus far this has led to a successful, cooperative, interdisciplinary effort toward the conservation of these threatened and endangered species. 

b. Technical and/or scientific background
Sockeye salmon (Oncorhynchus nerka) utilize lake environments for juvenile rearing and differ in that respect from the other species of Pacific salmon (Burgner, 1991).  Unique too is the considerable variation observed in sockeye life history patterns or strategies.  Although primarily anadromous, there are two life history variants of O. nerka that do not migrate to the ocean but instead remain in nursery lake systems throughout maturity. Redfish Lake in the Sawtooth Basin of Central Idaho is uncommon among sockeye nursery lakes since it supports populations of all three forms of O. nerka (Allendorf and Waples 1996).  Anadromous sockeye returning to Redfish Lake travel approximately 1500 km from the Pacific Ocean and spawn at an elevation of 2000 m (Waples et al. 1991).  Their extraordinary freshwater migration and the high elevation where Redfish Lake sockeye spawn are distinct from other sockeye runs. 

Sockeye returning to Redfish Lake are the only remaining anadromous O. nerka in the Snake River Basin and have thus been referred to as Snake River sockeye.  Present day returns to Redfish Lake are all but non-existent.  Since 1991, only 22 anadromous sockeye have returned to Redfish Lake.  As a result, this unique population of sockeye was designated an evolutionarily significant unit (ESU) and was listed as a federally endangered species in November 1991(57 FR 213: 1992).  The small, residual sockeye population in Redfish Lake was also given protection under the Endangered Species Act (ESA) because they are considered to be, at least in part, progeny of listed, returning adults.  The sympatric kokanee population in Redfish Lake was excluded from the ESA listing.

From its inception, a primary concern of the Snake River sockeye recovery program has been the clarification of genetic relationships between sympatric populations of O. nerka in Redfish Lake. Winans et al. (1996) completed a genetic study of the lake using allozymes.  However, the recovery of this sockeye population to sustainable levels will require ongoing genetic monitoring and evaluation because long term survival will be influenced not only by the restoration and preservation of their habitat but also by their ability to genetically contend with their historically stochastic environment.  This project is essential to all recovery strategies concerned with the maintenance of genetic variation and diversity within this species. Thus, this project directly addresses concerns outlined by the 2000 CRBFWP, and the 2001 FCRPS Biological Opinion.

Remaining chinook salmon populations within the Salmon River Drainage were listed as Threatened under the Endangered Species Act (NMFS, 1995).  Subsequently, conservation measures including captive propagation were instituted by state and federal agencies and Native American tribes for several subpopulations in low abundance.  Currently, three populations are being capitively reared under a joint program between the Idaho Department of Fish and Game and the National Marine Fisheries Service. Additional subpopulations within the designated Snake River spring/summer ESU, summarized in the NMFS (1998) status review, will likely require the intervention of captive propagation in the near future to prevent extirpation. 

Genetic differentiation and reproductive isolation among many of these Snake River spring/summer ESU subpopulations has also been previously examined using protein electrophoresis (see NMFS, 1998).  Allele frequency data from those studies were used in part to describe genetic groups for future conservation management. This analysis will expand currently used microsatellite DNA methods to further genetically identify tissue samples taken from captively reared chinook salmon from the East Fork, West Fork of the Yankee Fork Salmon River, and the Lemhi River. This information is intended to facilitate the current and future use of spawning matrices based upon genetic identity to promote maximal avoidance of inbreeding (MAI) and other genetic diversity conservation strategies. 
c. Rationale and significance to Regional Programs
At this point, the level of genetic variation needed in the Snake River sockeye population for good probability of long-term survival is unknown. This is also true for the threatened populations of chinook salmon in Idaho. Likewise, questions remain as to whether or not a sufficient level of genetic variation still exists and whether captive rearing and captive broodstock efforts ultimately assist or endanger persistence through genetic hazards. As stated in BiOp RPA’s 182 and 184, critical evaluation of artificial production programs are needed to ensure the implementation of such artificial production strategies are scientifically sound and ultimately worthwhile. This program seeks to collect and analyze multilocus genotype data (microsatellite variation) for evaluation of artificial production programs for the Snake River sockeye ESU and the Salmon River spring chinook salmon ESU as outlined in the Issue Summary for the Northwest Power Planning Council’s Mountain Snake and Blue Mountain provincial review.  The artificial production programs under consideration in the Issue Summary (#199700100, #199107200, and #199204000) are funded through this province. This project coordinates with these programs to provide genetic information for the construction of spawning matrices, the evaluation of release strategies, outmigrant assemblages, straying and incidental take in commercial and sport fisheries.  This project also specifically addresses concerns regarding captive propagation and genetic diversity issues as outlined in the 2000 Columbia River Basin Fish and Wildlife Program. 

d. Relationships to other projects 
 This project directly coordinates its laboratory efforts with  broodstock and captive rearing programs conducted by the National Marine Fisheries Service (# 9204000 and #9606700) and the Idaho Department of Fish and Game (# 9107200, #9700100).  Our objectives are also commensurate with the responsibilities and objectives of the fore mentioned agencies as well as those of the Sho-Ban Tribe (BPA program # 9107100) and the IDFG evaluation of chinook captive rearing demonstration technology (#9801002). Thus far this has led to a successful, cooperative, interdisciplinary effort toward the conservation of these threatened and endangered species.  

e. Project history (for ongoing projects) 

The project number for this program has not changed throughout its funding history. 

To date the project has been awarded $1.2M in funding since its initial funding in FY1993. A comparison of samples and loci analyzed vs. cost is estimated at $29.24 per reaction (sample/locus). Adaptive management implications include the genetic monitoring and evaluation of two generations of spring Chinook salmon and three generations of sockeye salmon under captive propagation. This is the only program funded to undertake “real-time” genetic monitoring of threatened and endangered fish populations under captive propagation. 

Specific hallmarks of the program include:

· The training of two and currently a third Master’s student in fisheries.

· Monthly reports to the Technical Oversight Committees for both sockeye and Chinook captive programs.

· Annual Reports for the program

· 1 peer-reviewed publication, 1 thesis, (and one publication currently submitted)

· 10 presentations at national and international meetings.

Specific instances where genetic data were used to resolve management questions include:

During 1996, 1997, and 1998 anadromous sockeye were sampled at locations unusual for returns.  These locations included the outlet for the NMFS facility at Big Beef Creek, the Lochsa River, and the Pelton Dam fish trap on the Deschutes River.  Genetic analysis on these fish revealed the sockeye returning to Big Beef Creek were not of Redfish Lake captive broodstock origin and unlikely to be of Wenatchee Lake broodstock origin, as was originally presumed.  The female sockeye sampled from the Lochsa River had a composite genotype common to most sockeye populations but absent from Redfish Lake anadromous and resident sockeye populations.  The sockeye returning to the Pelton Dam fish trap were observed to contain a composite genotype that has not appeared in samples from other populations. The fish returning to Big Beef Creek and the Lochsa River have composite genotypes common to many anadromous populations but were most closely aligned with strays from the lower Columbia River.  

The potential for incidental take of Redfish Lake sockeye in a commercial harvest (downstream Columbia River) as was demonstrated in 2000 when as many a six returning adults were shown to have a Redfish Lake origin.  In this instance, genetic information from this program was used to verify this fact. However, additional take of unmarked, or untagged fish with a Redfish Lake origin could not be completely evaluated. Microsatellite DNA information developed in this program will be used in the future to assess incidental take from a random sample of commercially harvested sockeye.

The Annual report for 2001 studies including parentage assignments and assignment tests for all returning Redfish Lake sockeye. Spawning matrices for Redfish Lake sockeye returns, assignment tests for safety-net chinook salmon, and their spawning matrices.

f. Proposal objectives, tasks and methods
Methods:

Two DNA sources have been used by this laboratory in the past to study genetic differentiation within and among O. nerka and O. tshawytscha populations, mitochondrial DNA and nuclear DNA. The reason for continuing the use of microsatellite DNA markers in this project in FY2003 is to compliment the existing database for sockeye and the growing database for chinook as well as add to the confidence and precision of our present conclusions.  Microsatellite DNA markers offer a high level of resolution regarding genetic variation and differentiation (as compared to mtDNA).  However, using genetic data from separate sources, such as mitochondrial and nuclear DNA, strengthens the results of each and reduces potential bias in conclusions drawn from using only one data set.

Moreover, the current level of assigning returning adults to specific years classes, and release strategies require the use of an expanded set of highly variable microsatellite loci. Pedigree analysis and construction of complex spawning matrices for the maximal avoidance of inbreeding (MAI) also require highly variable loci to evaluate programmatic measures with statistical rigor. 

Microsatellite analyses will continue in FY2003 from a pilot study begun in FY1999 to help to facilitate an answer to both these questions.  Microsatellite data from this project is analyzed using several commonly used statistical programs for this purpose.  They include Arlequin (Excoffier 2000), GENEPOP (Raymond and Rousset 1995) NTSYSpc (Exceter Software), PHYLIP (Felsenstein 1983), PAUP (Sinauer Assoc. 2000), Sigma STAT (Jandel Scientific), BIOSYS-1 (Swofford and Selander, 1981), and GDA (Lewis and Zaykin 1999).  Additional analyses for captive broodstock and returning adults include assignment testing using the programs WHICHRUN (Banks and Eichert 2000) and Doh (Brzustowski;ttp://www.biology.ualberta.ca/jbrzusto/doh.php.). Project staff as well as members of the Stanley Basin Technical Oversight Committee, Chinook Salmon Captive Propagation Technical Oversight Committee and NMFS will evaluate analyses.

DNA Isolation

Tissue samples from each fish are stored separately in 70% ethanol or lysis buffer (50 mM Tris-HCl, pH 8.0, 200 mM NaCl, 50 mM EDTA, 1% Sodium dodecyl sulfate, 0.2% Dithiothreitol) until DNA is extracted using methods modified from Sambrook et al. (1989) and Dowling et al. (1990).  The polymerase chain reaction (PCR) is used to amplify sequences from each DNA sample using nucleotide primers specific for sockeye or chinook salmon microsatellite loci. Resulting fragments are separated by capillary electrophoresis using an ABI model 310 or 3100 automated sequencer/fragment analyzer. 

Sockeye Microsatellite DNA Analyses

Our current research in this area includes the use of 20 DNA primers constructed from a cloned, partial genomic library of O. nerka (courtesy of Dr. Kim Scribner) and additional primers for loci tested during the pilot study. These include: Ots 1, 2, 3, 5, 6, 9, 10, 100, 108a, Omy 47, 55, and 77. 

Chinook Microsatellite DNA Analyses

Primer sets for both Ots and Omy microsatellites listed above are being employed to genotype chinook salmon.  These microsatellite DNA sequences have already been used analyze approximately 80% of our existing chinook sample inventory and their utility has been demonstrated (Banks et al., 1999; Park et al., 1996). Using information from these sequences as well as existing mtDNA genetic information provides a statistically robust data set for analysis and comparison. Microsatellite loci include: Ots 1, 2, 3, 9, 10, 100, 108a, Omy 77, OMM 1020, 1040, 1060 and 1080. 

Objectives: 

1. Perform ongoing microsatellite analyses on tissue samples from outmigrant assemblages (from Redfish, Alturas, and Pettit Lakes) to assess contributions from different rearing and release strategies as well as any contributions from kokanee and resident sockeye populations on subsequent year classes.  Also perform microsatellite DNA analyses on tissue samples of captive broodstock progeny for comparison to returning sockeye assemblages and thus, characterize successful outmigrant contributions and effective population size. These genetic studies will also include all samples we have previously examined using mitochondrial DNA analyses (N=870). 

Task a. Assign out migrant assemblages to population origin and captive parental crosses and estimate effective population sizes.

Task b. Compare genetic similarity of outmigrants and broodstock from  

  the same and different year classes. 

Task c. Examine genetic similarity of production vs. conservation 

             subunits within the captive broodstock program. 

2. Screen tissue samples from Redfish Lake creel surveys and commercial harvest (if any) using microsatellite loci to fully assess potential harvest of listed, resident sockeye and to establish baseline information on the genetic diversity of kokanee harvested. Also, continue to examine various tissue samples of interest to evaluate the origin of stray O. nerka in the Columbia River Basin using microsatellite analysis.

Task a. Screen creel samples for incidental take of listed sockeye in

 
  kokanee harvest.

Task b. Screen stray O. nerka within Columbia Basin for Redfish Lake 

  origin. 

3. Continue genetic analysis of captively reared Salmon River chinook salmon and evaluation of effective population size and genetic diversity using microsatellite analyses. Continue construction of breeding matrices to facilitate a maximal avoidance of inbreeding in captive chinook populations under study. Further assess genetic variation among outmigrants and returns of both captive and wild origin in Salmon River chinook salmon from projects #199700100, and 199204000 based upon expanded data sets of microsatellite DNA markers and quantify genetic changes within captive rearing programs.

Task a. Assign parental crosses and examine genetic similarity of 

  captively reared Chinook to construct breeding matrices for MAI.

Task b. Compare genetic changes between hatchery origin outmigrants 

  and returns vs. wild origin fish in the same location.



Task c. Evaluate effective population size estimates with other Chinook 

 populations.

Objectives 1 : Monitoring Redfish Outmigrants and Returns using microsatellite analysis.

One of the objectives of any recovery plan should address the long-term stability of the listed population(s), in this case Redfish Lake anadromous and resident sockeye salmon.  The primary task of this ongoing project is to monitor the genetic diversity of anadromous adults returning to Redfish Lake to spawn and the concomitant diversity of outmigrating sockeye smolts.  The reduced numbers of these fish have increased the probability that minor stochastic events and random genetic drift may reduce or eliminate genetic diversity within the listed populations.  Captive propagation of Redfish Lake sockeye is well underway and we have used mtDNA RFLP analysis to identify maternal lineages of sockeye in the past.  This genetic information has aided broodstock managers in making genetic crosses and will play an increasingly important role in future decisions regarding crosses and “safety net” broodstock programs.  It is also important to identify likely sources of genetic variation from other closely related populations in the event out breeding becomes necessary in the captive breeding program. Moreover, microsatellite analyses is providing information regarding the success or productivity of various types of outplanting strategies (from project #199107200). 

Objective 2: Analysis of Creel Surveys and Potential Downstream Commercial Harvest.

In 1996-2001, tissue samples from 134 individual O. nerka obtained during creel surveys were analyzed using mtDNA RFLP analysis.  Seven of 8 composite haplotypes observed among the creel samples were shared with composite haplotypes found among Fishhook Creek kokanee. The remaining haplotype, designated H07, has not been observed in Fishhook Creek kokanee (N=81) but, has been identified in beach spawning sockeye (N=22). This indicates the incidental take of a listed resident sockeye and points out the need for continued genetic monitoring of creel surveys from Redfish Lake. Furthermore, 2 of the 8 composite haplotypes observed in the creel samples are also shared among both Fishhook Creek kokanee as well as resident sockeye.  We are unable to distinguish resident sockeye from kokanee that share these two haplotypes.  Thus, there is a possibility that additional resident sockeye were taken during the kokanee season.  Greater resolution in our genetic analyses is needed to confirm this possibility.  Microsatellite analysis of creel surveys is ongoing and will provide further discrimination as to the origin of O. nerka taken within the Redfish Lake kokanee fishery. This suite of microsatellite loci will be also provide greater resolution to the potential for incidental take of Redfish Lake sockeye in a commercial harvest (downstream Columbia River) as was demonstrated in 2000 when as many a six returning adults were shown to have a Redfish Lake origin.  In this instance, genetic information from this program was used to verify this fact. However, additional take of unmarked, or untagged fish with a Redfish Lake origin could not be evaluated. Microsatellite DNA information developed in this program will be used in the future to assess incidental take from a random sample of commercially harvested sockeye. During 1996, 1997, and 1998 anadromous sockeye were sampled at locations unusual for returns.  These locations included the outlet for the NMFS facility at Big Beef Creek, the Lochsa River, and the Pelton Dam fish trap on the Deschutes River.  Genetic analysis on these fish revealed the sockeye returning to Big Beef Creek were not of Redfish Lake captive broodstock origin and unlikely to be of Wenatchee Lake broodstock origin, as was originally presumed.  The female sockeye sampled from the Lochsa River had a composite haplotype common to most sockeye populations but absent from Redfish Lake anadromous and resident sockeye populations.  The sockeye returning to the Pelton Dam fish trap were observed to contain a composite haplotype that has not appeared in samples from other populations.  Straying among salmonids is a natural phenomenon.  Unfortunately, the origin(s) of the “stray” sockeye remain unknown.  The fish returning to Big Beef Creek and the Lochsa River have composite haplotypes common to many anadromous populations.  The resolution of our current mitochondrial markers is insufficient to pinpoint where the fish originated.  We will continue to provide timely, genetic information on “stray” sockeye to other agencies involved in the Snake River sockeye recovery effort.  We also intend to use microsatellite  markers we are currently evaluating to enhance the resolution of our analyses.

Objective 3: Continue  microsatellite analysis of Salmon River Chinook Salmon effective population size.

Adults returning to the Lemhi River, the West Fork Yankee Fork Salmon River, and the East Fork Salmon River have been non-destructively sampled along with captive adults and juveniles currently at the Manchester Laboratory and the Eagle Fish Hatchery facilities.  Microsatellite DNA analyses begun in FY1999 will be used for five year classes of returning chinook (1998,1999, 2000, 2001, and 2002) from these programs to assess the effective population size and genetic changes that have occurred as a result of the captive rearing strategies. Returning, adult chinook from each captive rearing project and their progeny are examined for significant differences and similarities within their nuclear genetic diversity.  These data are also compared to existing data on other chinook populations to place the observed genetic differences or similarities in context with other populations within the Salmon River basin. Use of parentage assignment, parental exclusion and calculated genetic distance will be used as in the past to construct breeding matrices to facilitate a maximal avoidance of inbreeding.

g. Facilities and equipment
The fisheries genetics laboratories at the University of Idaho’s Aquaculture Research Institute (ARI) and the Hagerman Fish Culture Experiment Station (HFCES) are collectively known as the Center for Salmonid and Freshwater Species at Risk. The laboratories provide systematic and population genetic data for the benefit of all managers, agencies, and tribes.  Dr. Madison Powell supervises both the laboratories.  These facilities currently have ten full time lab technicians, data managers, graduate and undergraduate students.  Both facilities contain all equipment necessary to collect, generate, and analyze molecular genetic data necessary for the ongoing project.  This includes all laboratory equipment, data analysis software, office, and clerical support.  Genetic analyses are divided between the two facilities to expedite the completion of experimental objectives.  Laboratory equipment includes: three Applied Biosystems automated sequencers/ fragment analyzers (Models 377, 310, 3100) with a second 3100 to be delivered in July 2002, a Qaigen liquid handling robot (Model 8000), a Qaigen automated DNA isolation robot (Model 5000), nine PCR machines, a Bio-Rad fluorescent imager/gel analyzer, and numerous ancillary items for DNA manipulation including centrifuges, freezers, fluorometers, spectrophotometers, etc. Tissue collections for all objectives are ongoing and carried out within BPA projects # which are closely associated with and dependent on molecular genetic data generated from this project. 
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2001-present

Assistant Professor, Hagerman Fish Culture Experiment Station,




Univeristy of Idaho, Hagerman, Idaho
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Research Scientist, Hagerman Fish Culture Experiment Station, 

University of Idaho, Hagerman, Idaho
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Research Scientist, Aquaculture Research Institute, University of 
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Postdoctoral Fellow, Aquaculture Research Institute, University of 
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Ph.D., Zoology, Texas Tech University
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CURRENT POSITION AND RESPONSIBILITIES:

I am an assistant professor jointly appointed to the Department of Fish and Wildlife Resources and the Department of Animal and Veterinary Sciences. I am currently assigned to the Hagerman Fish Culture Experiment Station.  I supervise research in two fisheries genetics laboratories (one in Moscow, ID and a second in Hagerman, ID). The laboratories’ primary goals are to provide timely genetic information to applied questions, and provide genetic advice and consultation to state, federal, and tribal agencies regarding endangered fishes, fisheries management, commercial and conservation aquaculture. My areas of interest include conservation genetics, population genetics, molecular systematics, evolutionary biology, cytogenetics, and chromosomal evolution.

TECHNICAL EXPERIENCE:

Statistical analysis of genetic data, DNA and RNA isolation, molecular cloning, genomic libraries, DNA fingerprinting, automated sequencing, PCR amplification, RAPD analysis, in vitro transcription, fluorescence in situ hybridization, karyotyping, cell and tissue culture, nucleotide and protein electrophoresis, liquid chromatography, HPLC analysis, cool water aquaculture (trout, salmon, and sturgeon), small animal surgery, field collection, and identification.

TEACHING EXPERIENCE:

Genetic Data Analysis (Fish 504/404), Conservation Genetics (Wildlife 503), Practical Genetics for Fisheries Managers (American Fisheries Society Short Course), Fisheries Biotechnology graduate seminar, Cytogenetic Techniques graduate laboratory, Experimental Genetics for undergraduates, General Zoology laboratories for zoology undergraduate majors, General Biology laboratories for biology and non-biology undergraduate majors.

PATENTS:
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Overturf, K. and M.S. Powell. 2002. Quantitative DNA probes and primers for the detection of infectious hematopoetic necrosis virus. United States Patent Office. (Patent Pending)
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