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PART 2 of 2. Narrative

Title
:  Characterize Genetic Differences and Distribution of the Western Pearlshell Mussel, Margaritifera falcata.
Section 3. Project description

Provide project detail for headings a through g. 

a. Abstract

The purpose of this study is to provide critical information for restoration of the freshwater western pearlshell mussel, Margaratifera falcata.  We survey the distribution of M. falcata in the Umatilla River, where mussels may be extinct, and test whether genetic differences exist among groups by examining five aggregations in the Columbia River and an outgroup using microsatellite DNA variation. The project is innovative because we will use a recently developed DNA technology (microsatellite DNA) to examine potential genetic variation in species for which nothing is known.  The project is also innovative because we will use qualitative surveying techniques developed elsewhere for freshwater mussels to do the first systematic survey of freshwater mussels at the subbasin level in the Columbia River. Both these objectives provide information that will be useful for similar projects elsewhere in the Basin.  We chose freshwater mussels, because (1) they were vital components of intact salmonid ecosystems that have been affected directly and indirectly by dams, habitat deterioration, and decline in salmon; (2) they were culturally important to Native Americans; and (3) they have been ignored by managers and researchers in the Columbia River Basin.  Molecular characterization of M. falcata from this project may also provide an innovative tool to study and understand ecological interactions between mussels and salmon during ecological recovery by providing a technique to identify glochidia, the life history stage when mussels use salmon as hosts.

b. Technical and/or scientific background

The Problem:  The purpose of this study is to determine: (1) status of freshwater mussels in the Umatilla River, and (2) whether genetic differences exist among western pearlshell mussels, Margaratifera falcata, from different streams in the Columbia River that could be important for identifying suitable donor populations to restore freshwater mussels to the Umatilla River and elsewhere in the Columbia River Basin.  

Tribal and federal agencies would like to restore freshwater mussels to the Umatilla River basin as part of their ongoing efforts to rebuild ecosystem diversity, function, and traditional cultural opportunities in the basin.  If local populations cannot be found, efforts to reestablish freshwater mussels may depend on transplants from other watersheds where the mussels still exist.  This poses several challenges.  First, nothing is known or published about the genetic diversity of freshwater mussels in the Pacific Northwest.  Because they rely on fish as hosts for one phase of their life history (Karna 1973), however, freshwater mussels may have evolved similar patterns of genetic differences as their host fish populations.  Local adaptation of parasites to genetically different hosts can result in a mosaic of geographically distinct groups (Thompson 1994).  Successful transplants of mussels, therefore, may depend on choosing a source that is genetically and ecologically suitable.  Second, little is known about the current distribution of freshwater mussel populations that might be suitable donors for restoration efforts.  Changes in habitat from dams, channel modification, agriculture and forestry are major reasons for decline of freshwater mussels in North America (Williams et al. 1992, Layzer et al. 1993). Similar changes have likely affected the distribution freshwater mussel population in the Umatilla River and adjacent streams.

Background:  Freshwater mussels were once an important component of the freshwater ecosystem in Umatilla River Basin and elsewhere in the Columbia River (Figure 1).  They were also a source of food and shells for Native Americans.  In recent times, however, freshwater mussels have disappeared from the Umatilla River basin and elsewhere.  This decline corresponded with the decline of salmon (species of Oncorhynchus) or other fish species, which are obligatory hosts of freshwater mussels, and with changes in riverine habitat. Efforts to restore native freshwater mussels complement efforts to restore salmon, lampreys, and other fish species in the Umatilla River.


Nearly 300 species of freshwater mussels occur in the United States in one of two families, Margaritiferidae or Unionidae.  Most occur in southeastern United States, whereas relatively few live in the Pacific Northwest (Williams et al. 1993).  Alabama, for example, has 175 species, while Washington and Oregon only have 6 species.  These species are the western pearlshell (Margaritifera falcata), western ridgemussel (Gonidiea angulata),  Oregon floater (Anodonta oregonensis), California floater (Anodonta californiensis), Willamette floater (Anodonta wahlametensis), and western floater (Anodonta kennerlyi) (Turgeon et al. 1988, Williams et al. 1993, Frest and Johannes 1995).  Museum records indicate that all except A. kennerlyi and A. wahlametensis once occurred in the Umatilla River (pers. com. T. J. Frest, 1998).
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Throughout Europe and North America, freshwater mussels are in trouble (Bauer 1986, Altaba 1990, Williams et al. 1993, Neve and Williams 1994, Bogan 1996, Stein and Flack 1997).  In the Pacific Northwest, however, status of freshwater mussels is mixed.  Local extinctions and declines have occurred but healthy populations remain in other areas.  In a nation wide survey, Williams et al. (1993) found too little information to determine the status of species in Oregon or Washington to be imperiled.  In a more detailed review, however, Frest and Johannes (1995) recommended listing A. wahlametensis as endangered, A. californiensis as threatened, and M. falcata and G. angulata as sensitive.  The United States Fish and Wildlife Service (USFWS) considered A. californiensis as a candidate species for listing under the Endangered Species Act (USFWS 1994).  In the Umatilla River, freshwater mussels may be extinct or at very low numbers.  Tribal biologists have found old shells buried in stream substrate but have seen no live individuals during intensive habitat and fish surveys throughout the river.  Small pockets of remnant populations may still exist undiscovered in the tributaries, but no one has attempted a systematic survey of freshwater mussels.


The reasons for the decline of mussels in the Umatilla River are unknown.  In most areas where freshwater mussels have disappeared, however, dams (Williams et al. 1992, Layzer et al. 1993),  siltation from poor forestry and agricultural practices, and pollution (Fuller 1974, Imlay 1982) have led to the declines.  Different species of mussels have different habitat requirements.  For example, M. falcata mostly occurred in areas with water velocities great enough to prevent deposition of fine sediment.  In contrast, G. angulata prefers silted or depositional areas in streams (Vannote and Minshall 1982).  Not only do these changes directly affect the physical habitat that the mussels used but they also affect the biological habitat.  During one phase of the life history, freshwater mussels require fish as habitat or hosts (Karna 1973).  After fertilization, ova attach to the gills of female mussels, where they develop into glochidia (Karna 1973, Toy 1998).  Females release the glochidia during the Spring, when they attach to gills of host fish where they remain until they metamorphose into juveniles.  For the freshwater pearl mussel, M. falcata, which was once the most abundant species in the Umatilla River, the host is salmon (Karna 1973, Bauer 1987).  Survival of glochidia depends in part on the density of the salmon 

host (Bauer 1987).  Consequently, destruction of fish habitat by dams or other practices that led to the decline or local extinction of salmon may also have a profound affect on the abundance and recruitment of Margartitifera.  Once glochidia complete their transformation into juveniles, they fall from the host to the substrate and begin filter feeding (Karna 1973).

Freshwater mussels are extremely long lived.  Comfort (1957) reported Margaritifera as the longest lived freshwater invertebrate known, with ages spanning over 100 years.  In the Pacific Northwest, Vannote and Minshall (1982) found a 114 year-old individual in the Salmon River, Idaho.  Toy (1998) found M. falcata the maximum age to be 55 years in Battle Creek, Washington, and 90 years in Bear Creek, Washington. 

Mussels were an important part of the salmonid aquatic ecosystem.  Mussels filtered water of suspended particulate matter and helped reduce siltation, which benefited salmon and other fish.  Their key role in the ecosystem  made them good indicators of pathogens (Graczyk et al. 1997) and contaminants in streams (Imlay 1982).  In addition, they were an important food source for aquatic and terrestrial animals such as sturgeon (Galbreath 1979, Semekula and Larken 1969), muskrat, mink, otter, raccoon, turtles, and birds (Pennak 1989).


Mussels were also an important food for tribal peoples of the Columbia River.  Native Americans in the interior Columbia River Basin harvested freshwater mussels for at least 10,000 years (Lyman 1984).  Archaeological evidence based on Native American use revealed that Gonidea was more abundant than Margaritifera until about 7,000 BP, when Margaritifera began to dominate.  By 4,000 BP Gonidea was rare compared to Margaritifera.  Gonidea increased in relative abundance around 2,000 BP but never surpassed Margaritifera (Lyman 1984).  Ethnographic surveys of Columbia Basin tribes reported that Native Americans collected mussels in late summer and in late winter through early spring during salmon fishing (Spinden 1908, Ray 1933, Post 1938).  A few tribal elders from the Columbia and Snake River basins recalled that mussels were collected whenever conditions of the rivers were favorable (Hunn 1990, Chatters 1995).  Tribal harvesters collected mussels by hand.  When wading was not possible they used forked sticks (Post 1938).  They prepared mussels for consumption by baking, broiling, steaming, and drying (Spinden 1908, Post 1938).  Native American use of freshwater mussels decreased during the last 200 years, probably due to declines in native populations and assimilation following Euro-American settlement (Chatters 1987).  A Umatilla tribal elder, however, remembered his parents trading fish for dried mussels as late as the 1930s (per. com. Eli Quiempts, CTUIR tribal member, 1996). 


Mussels are either extinct or at very low levels in the Umatilla River.  Surveys are needed to assess their status.  Presence and community composition can be assessed by qualitative and quantitative methods (Payne et al. 1997).  Often, however, time and budgets constrain surveys for rare or endangered species to qualitative approaches (Kovalak et al. 1986).  Payne et al. (1997) and Vaughn et al. (1997) recommended combining qualitative surveys and quantitative surveys to assess populations of mussels.  The qualitative survey is conducted first, followed by the quantitative survey.  Typically, qualitative surveys consist of sampling mussels for a specific period of time, whereas quantitative surveys consist of sampling mussels in a known area, such as 0.25 m2 quadrats.  Vaughn et al. (1997) compared timed searches done by snorkeling and quadrat sampling and found that both were adequate, but timed searches increased the chance of finding more species (Vaughn et al. 1997).  Strayer et al. (1997) also found timed searches effective at detecting sparse ((0.01/m2) populations.  In the Umatilla, a two-layered sampling design would be appropriate.  Timed surveys would provide a qualitative description of what we have left, whereas subsequent quadrat surves would give us greater precision for monitoring trends.  Becaue this proposal is for one year, we propose to use a timed catch-per-unit-effort (CPUE) approach using snorkeling.  If we find mussels, we will secure funding for the quantitative method later.  

Currently, we know nothing about genetic population structure in Margaritifera or other freshwater mussels in the Pacific Northwest.  Lack of this kind of information throughout the United States (Lydeard and Roe 1998) has prompted the National Biological Service to establish a tissue repository and database for genetic and phylogenetic studies of freshwater mussels (King et al. 1996a).  Limited evidence from studies of genetic variation in other freshwater mussels based largely on allozyme analyses suggested two common patterns.  Some species tended to be largely undifferentiated, which indicated large, random mating populations and high rates of gene flow among different aggregations.  Others species tended to be differentiated, which suggested isolation and potential local adaptation.  For example, both Quadrula quadrula and Elliptio dilatata in Ohio, Tennessee, and Mississippi had significant within-population diversity.  E.  dilatata,  which favors small streams, showed significant allozyme frequency differences between aggregation < 100 km apart, whereas Q. quadrula, which favors large rivers, showed little genetic difference among aggregations > 1000 km apart (Berg et al. 1996, 1997).  Berg (1996, 1997) suggested this might be due to life history differences associated with different habitats.  Lui et al. (1996a) found significant differences among Pyganodon grandis in different river drainages in Colorado using mitochondrial DNA variation.  Roe and Lydeard (1997) found that two disjunct aggregations of Potamilus inflatus were not only genetically distinct, they were different species.  Using allozyme and mitochondrial 16s rRNA variation, Mulvey  et al. (1997) surveyed Amblema plicata and A. neislerii and found that that putative subspecies of Amblema plicata were genetically indistinguishable but an unrecognized new species existed within the range of A. plicata that was more closely related to A. neislerii.  King et al. (1996b) reported latitudinal discontinuities in population structure of Lasmigona subviridis from the Atlantic slope using ribosomal and mitochondrial DNA variation.  Johnson et al. (1997, 1998) used allozyme variation to examine four different species of freshwater mussels in Arkansas areas where harvest and habitat loss might have reduced abundance; they found significant genetic variation but only limited evidence of population genetic bottlenecks.  Stiven and Alderman (1992) were unable to separate subspecies of Lampsilis in North Carolina using allozyme variation.


Most published accounts of population genetic variation in freshwater mussels have studied  allozyme, mitochondrial DNA, or sequence ribosomal DNA variaton.  The development of microsatellite markers is another powerful tool for examining genetic population structure (Wright and Bentzen 1994).  Allozyme techniques are well-developed and inexpensive.  Because allozyme techniques are based on detecting protein activity, however, they often require so much tissue that the individuals need to be sacrificed and it is impossible to use historical samples that have been dried.  In addition, allozyme analysis in mussels is often confounded genotypic disequilibrium (e.g. Johnson 1997, 1998).  Mitochondrial DNA variation is also unusually complicated in some species of mussels because they exhibit doubly uniparental inheritance (Hoeh et al. 1996, Liu et al. 1996b).  Systematists have used sequencing of  12s and 16s rDNA primarily to examine phylogenetic relationships among mussel species.  Microsatellite loci, in contrast, are useful because they evolve over shorter evolutionary periods.  They exhibit biparental, Mendelian inheritance; genotypes are unambiguous because alleles are co-dominantly expressed; they are selectively neutral because they do not encode proteins; and microsatellite DNA may also be retrieved from archived or archaeological samples. One of us (Dr. Ken Currens) has had extensive experience in using allozyme, mitochondrial DNA, and microsatellite DNA variation to study population differentiation. 


As managers attempt to restore salmonid ecosystems to full complexity, management issues may also get more complex and managers will need to develop innovative tools and better information.  For example, restoring aquatic fauna of the Umatilla River means reintroducing species, such as lamprey or freshwater mussels, that prey on Pacific salmon or use them as hosts.  One of us (Dave Close) is experienced with the challenges of introducing lamprey to a basin where Pacific salmon populations are rebuilding.  He has also conducted laboratory studies on the physiology of M. falcata.  This project is innovative because we will use a recently developed DNA technology—microsatellite DNA markers—to examine potential genetic differences variation in species for which nothing is known.  This description will allow managers to make choices of a donor stock for transplanting freshwater mussels that also use salmon as hosts.  In addition, molecular characterization of mussels may allow ecologists and fish pathologists to identify glochidia by species during the phase where they directly interact with salmon.  This is not currently possible, although efforts are underway in other parts of North America (White et al. 1994).  This kind of information will allow ecologists to study the natural interaction between salmon and mussel more precisely in areas where multiple species of mussel occur or are reintroduced, which will result in better information for managers.

c. Rationale and significance to Regional Programs

This project is essential to conserve and restore freshwater mussels in the Umatilla River.  Mussels are covered under Section 10 (Resident Fish) of the 1994 Fish and Wild Program. The stated goal of the program is “to recover and preserve the health of native resident fish injured by the hydropower system.”  Dams affect mussels both directly and indirectly through the impacts on salmon.  Our first objective—a status assessment of freshwater mussels in the Umatilla River—is addressed in Section 10.1A.2, which states that Bonneville shall “fund the fishery managers’ efforts to complete assessments of resident fish losses throughout the Columbia River Basin.”  Section 10.2A.1 prioritizes projects for “weak, but recoverable, native populations” and projects that “also provide benefits for wildlife and/or anadromous fish.”  Our second objective—a survey of genetic diversity in M. falcata—falls under Section 10.2B.1, which notes that for efforts that might involve artificial propagation (including transfers)  “a thorough and comprehensive approach to conserving genetic diversity is needed for native species.”  It also notes that it is necessary to develop “a plan for conserving genetic diversity as called for in measure 7.1D.1.” An assessment of genetic diversity is crucial to fulfill both of these.

d. Relationships to other projects 

This project is part of the overall goal to recover an intact, fully functioning, salmonid producing river in the Umatilla River.  The CTUIR has numerous projects focusing on recovery of the Umatilla River Basin for salmonids and other species, such as Pacific lampreys.  The restoration project for Pacific lamprey has the closest relationship to this project, because both focus on restoration of species that require healthy salmon populations for their persistence.  Dave Close, the principal investigator on this project, is also the project manager for the lamprey project.

e. Proposal objectives, tasks and methods

Objectives
 

Objective 1:  Assess the status of freshwater mussels in the Umatilla River and Middle Fork John Day River.

Objective 2:  Describe genetic differences among the western pearlshell mussel, Margaritifera falcata. 

Objective 3:  Report results to the funding agency.

Objective 4:  Publish findings in peer-reviewed journal. 


Tasks and Methods
 

Objective 1:  The scope of this objective is a preliminary investigation to determine the status of freshwater mussels in the Umatilla River and Middle Fork John Day River (Figure 1). The approach is to use a systematic, qualitative design to survey the Umatilla River and Middle Fork John Day River for freshwater mussels.  

Task 1.a.  Determine sampling locations.

The Umatilla River and Middle Fork John Day River will be sampled for mussels at 4 kilometers intervals.  We will randomly select the starting point at 0-4 kilometers from the mouth of the river and continue upstream.  Location of sites will be identified by geographic location using geographical information system (GIS).  This will provide 36 locations in the Umatilla River and 30 in the Middle Fork John Day River.  After surveying the main stems, we will survey seven perennial tributaries.  If time allows, sampling intervals in the tributaries will be reduced to 2 kilometers for better resolution.  Tributary surveys will include: North Fork Umatilla River (8 km), South Fork Umatilla River (10 km), Shimmiehorn (6 km), North Fork Meacham (8 km), Squaw creek (6 km), Owsley (2 km), and Ryan creek (6 km).  Sample points will be identified and referenced using hand-held GPS units.

Task 1.b.  Conduct freshwater mussel survey.

Before starting the survey, we will standardize survey methods among surveyors in the Middle Fork John Day River, where mussels are easily found. Each surveyor will snorkel, collecting mussels in a designated area for a set amount of time and the results will be compared and evaluated to reduce variability among surveyors.  After standardizing, we will begin a complete survey of the Middle Fork John Day River followed by the Umatilla River.  Latitudinal transects will be established at each sample location.  Starting at an identified point, two surveyors will snorkel the substratum moving upstream for 1 hour at each site along the transect.  Surveyors will be usually restricted to areas in the river less than 0.75 meters in depth where they can use vision and feeling to collect mussels.  Once mussels are found, they will collect them, place them in bags, and bring them to shore after the survey is finished.  This provides a measure of catch-per-unit effort.  Mussels will be counted, measured for length, identified by species, and returned to the river.  This should not harm the mussels.  Visibility will be recorded using a scale from 1-10, with 10 indicating 100% visibility of bottom (Strayer et al. 1997).  Tributaries of the Umatilla River may to be deep too snorkel effectively.  When this occurs, a 18.9 liter bucket with plexiglass bottom will be used to observe mussels for collection.  At each site habitat variables channel unit type (pool, riffle) and dominant substrate type (gravel, cobble, boulder) will be estimated.    

Task 1.c.  Analyze data

Data will be categorized qualitatively within each drainage.  Using catch-per-unit-effort data, we will classify mussels by species into three abundance categories:  1) none, 2) low (( 30 mussels), and 3) high ((30 mussels).  If mussels are found, in future projects we will quantify densities using a stratified quantitative sampling design. 

Objective 2:  The scope of this objective is a preliminary investigation to determine whether genetic differences exist between mussels in different streams of the Columbia River that might be important for identifying potential donor populations for restoration in the mid-Columbia River.  The approach is to compare genetic variation in M. falcata from five different locations (four locations within the Columbia River and one from the Puget Sound) and an outgroup of a different species using microsatellite DNA markers.

Task 2.a.  Collect samples.  

We will collect samples of 50-60 individuals of M. falcata from each of five locations:  (1) Willamette River; (2) John Day River; (3) Grande Ronde River; (4) Yakima River; and (5) Battle Creek, Washington (a Puget Sound tributary) (Figure 1).  These sampling locations represent major geographic regions of the Columbia River with a focus on the mid-Columbia region.  We will also collect a sample of a different species, Anodonta oregonensis.  Tissue from each individual will be stored in ethanol in separate vial marked with a unique identification number corresponding with the location, date of collection, and collector.  Inclusion of a different Pacific Northwest species and a sample from the Puget Sound will provide relative scales by which to judge differences among mussels from different rivers in the Columbia River should we detect them.

Task 2.b-c.  Analyze microsatellite DNA variation.  

Laboratory analysis will be subcontracted to the Washington Department of Fisheries and Wildlife genetics laboratory under the supervision of Dr. James Shaklee.  The analysis will occur in two steps.

Task 2.b.  Develop 6-8 microsatellite DNA primers specific for Margaritifera. 

Because the scientific literature does not yet contain published descriptions of the DNA flanking sequences for microsatellite primers (the sequences bracket the gene of interest) we will need to develop them.  Primers will be developed using published methods for cloning, and for universal linker and ligation procedures (Hamilton et al. 1999) directed at both tri- and tetra-nucleotide repeat microsatellite loci.  Flanking sequences are usually conserved (they do not change much) between closely related species. However, primers developed for one set of species often cannot be used successfully to analyze variation in species of other genera or families.  We hope to use primers for Margaritifera for Anodonta to limit cost.  It is possible this may not work for Anodonta.  Because our primary focus is M. falcata, however, we do not believe the cost of developing two sets of primers for this project is justified. Where possible, we will use also unpublished information from other researchers.  

Task 2.c.  Characterize microsatellite DNA genotypes. 

We will extract genomic DNA from tissue using one of two methods, depending on which works best.  Method I uses digestion with proteinase K at 65 C in 600 µL of cell lysis buffer consisting of 10 mM Tris, 100 mM EDTA, and 2% SDS.  Extracts are cooled and soluble proteins are precipitated by the addition of 200 µL of 7.5 M ammonium acetate and removed by centrifugation.  DNA is precipitated by the addition of 600 µL of cold 2-propanol, concentrated into a pellet by centrifugation, washed in cold 70% ethanol, and dried by evaporation.  When needed the isolated DNA is rehydrated in 55 µL of low TE buffer for 12-72 hrs and quantified using a Pharmacia GeneQuant II spectrophotometer.  Method II used digestion in a 5% chelex (BioRad Chelex 100 resin) solution containing Proteinase K (Sigma).  Tissues are heated for 5 min at 95 C to denature proteins after extraction at 65 C for 30-180 min.  The extracted DNA is diluted as needed for polymerase chain reaction (PCR) amplification of the microsatellite loci and the dilutions are stored at 5 C until all analyses are completed. We will amplify the microsatellite DNA loci of interest using PCR (Saiki et al., 1988) and fluorescently labeled primers.   Wherever feasible, we will multiplex loci together at the PCR step and/or on gels to increase efficiency and decrease costs.  After PCR amplification, DNA products will be mixed with loading buffer and a labeled GeneScan-500 size ladder (Applied Biosystems), denatured at 95 C for 4 min, and cooled in ice. 1.5 µL per sample of amplified product will be loaded onto  a 4.4% polyacrylamide gel in an ABI-377 semiautomated DNA sequencer (Applied Biosystems) and electrophoresed for 2.5 h.  Applied Biosystems software (ABI-Collection, GeneScan v.3.0, and Genotyper v.2.0) will be used to collect and analyze the raw data to determine genotypes at each locus.  Alleles from the Genotyper output tables will be sorted into size bins based on the repeat motif of each microsatellite and the observed distributions.



Task 2.d.  Analyze results.


We will calculate allele frequencies and genotype proportions from each collection.  We will test for Hardy-Weinberg equilibrium using the exact test (Guo and Thompson 1992), and linkage disequilibrium using the Markov chain method (Raymond and Rousset 1995a).  We will test for allele frequency differences among collection locations (Raymond and Rousset 1995b) and genotypic differentiation using Markov chain log likelihood ratio tests (Goudet et al. 1996).  We will compute F-statistics for allele identity and population differentiation using the weighted analysis of variance method (Weir and Cockerham 1984).

Objective 3.  Complete final report to funding agency.  This report will contain the results of the mussel status surveys, a description of genetic differences observed among aggregations of M. falcata, a review of how the results are applicable to other areas within the Columbia River Basin, and recommendations for recovery actions for freshwater mussels.

Objective 4:  Publish results in a scientific journal.  Although this is a small survey, because it is the first investigation of genetic variation in Margaritifera falcata, we expect to publish the results in a peer-reviewed, scientific journal.  We have identified three possible journals:  Transactions of the American Fisheries Society, the North American Journal of Fisheries Management, or the Journal of Shellfish Research.
f. Facilities and equipment

Objective 1:  The Confederated Tribes of the Umatilla Indian Reservation has office space, computers, and software available for the status surveys of mussels.  Sampling gear (primarily for snorkeling) will need to be obtained and is included in the project costs.

 Objective 2:  The Washington Department of Fisheries and Wildlife genetics laboratory occupies approximately 900 ft2 of space in the Natural Resources Building in Olympia, WA.  DNA data collection and processing (microsatellite analysis and sequencing) is done using an ABI-377 semiautomated DNA sequencer with Applied Biosystems Collection, GeneScan, and Genotyper software and Sequencher software.  Four networked Apple Macintosh computers are dedicated to DNA data collection, processing and analysis.  Two networked IBM-PCs are dedicated for DNA operations and statistical analysis.  DNA amplification and fluorescent labeling via the polymerase chain reaction (PCR) is accomplished using three M-J Research thermalcyclers (two M-J Research model 200s and one M-J Research model 100).  The lab is equipped with one high-capacity refrigerated centrifuge, an incubator, two water baths, agarose gel apparatus, a GeneQuant spectrophotometer, a UV transilluminator, and one heat block.  Multiple sets of individual and multichannel pipettors are available for sample handling.  The lab also contains a pH meter, two electronic balances, a chemical fume hood, two crushed ice machines, refrigerators, freezers, and ultrafreezers, and other common pieces of laboratory equipment.

Objective 3&4:  Dr. Currens at the Northwest Indian Fisheries Commission has all the necessary computers, software, and access to statistical consulting necessary to complement what is available at the Confederated Tribes of the Umatilla Indian Reservation. 
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Figure 1.  Study area.  Locations are the Umatilla River (A), John Day River (B), Willamette River (C), Grande Ronde River (D), Yakima River (E), and Battle Creek (F). 
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