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a. Abstract 
The purpose of this study is to provide the critical information on the status of freshwater shellfish—especially the western pearlshell mussel, Margaratifera falcata—that is called for in the Umatilla Subbasin Summary.  This information is essential for restoration of freshwater mussels and associated traditional and cultural uses.  Freshwater mussels were vital components of intact salmonid ecosystems that have been affected directly and indirectly by dams, habitat deterioration, and decline in salmon; they are culturally important to Native Americans; and little is known about their distribution, status, and population structure to guide recovery actions. The project has three objectives: 1) to survey the distribution and status of freshwater mussels in the Umatilla River, where they may be extinct, and the Middle Fork John Day River, where they may remain using the first stage of two-stage adaptive cluster sampling;  2) to determine macro and microhabitat factors that control distribution and abundance; and 3) to test whether genetic population structure exists in M. falcata by examining five aggregations in the Columbia River and an outgroup using microsatellite DNA variation.  Both these objectives provide information that will be useful for restoration efforts elsewhere in the Basin.  

b. Technical and/or scientific background
The Problem:  The purpose of this study is to determine: (1) the distribution and status of freshwater mussels in the Umatilla River, (2) the macrohabitat and physiochemical factors controlling distribution and abundance of mussels, and (3) whether genetic differences exist among western pearlshell mussels, Margaratifera falcata, from different streams in the Columbia River.  Understanding genetic differences is important for identifying suitable donor populations to restore freshwater mussels to the Umatilla River, where they may be extinct, 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.  They face major challenges.  First, although mussels appear to have disappeared from the Umatilla River, managers have little empirical information on the current status and distribution of mussels to guide recovery actions.  Second, if local populations cannot be found, efforts to reestablish freshwater mussels may depend on transplants from other watersheds where the mussels still exist.  Little information is available, however, on distribution and status 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 throughout North America (Williams et al. 1992, Layzer et al. 1993). These same changes in the Columbia River Basin have likely affected the distribution freshwater mussel population in the Umatilla River and adjacent streams.  Third, transplanting mussels from other rivers may not be successful if they have different local adaptations.  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, which do show evidence of local adaptation (Taylor 1991).  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.  

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, lamprey, 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 six 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.  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 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  with maximum ages of 55 years in Battle Creek, Washington, and 90 years in Bear Creek, Washington.  Consequently, the presence of mussels in a river system, does not mean that the population is healthy or self-sustaining.  

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).  The Umatilla Tribe preferred to boil freshwater mussels for consumption (Ray 1942).  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 Quaempts, CTUIR tribal member, 1996). 

Mussels are either extinct or at very low levels in the Umatilla River, but they may still persist in reasonable numbers in an adjacent watershed, such as the Middle Fork John Day River.  Surveys are needed to assess their distribution and status and to identify the habitat factors that affect where and how they persist.  Sampling is complicated, however, by rarity and lack of knowledge about their spatial heterogeneity (Downing and Downing 1992).  Distribution of mussels may tend to be clumped, because it favors reproduction for species that use direct fertilization and live at low densities.  In addition, mussels in streams with degraded habitat may have different distributions than those with good habitat.

Both qualitative and quantitative survey methods are useful for assessing presence and absence, densities, and community composition (Payne et al. 1997).  Often, however, time and budgets constrain surveys for rare or endangered species to qualitative approaches (Kovalak et al. 1986).  Qualitative sampling is useful for detecting species and classifying them into categories of abundance (e.g., absent, low, abundant), whereas quantitative sampling provides the best estimates of density.  Typically, qualitative surveys consist of locating sampling units, such as a river reach (i.e., riffle, pool, run), using a systematic sampling design and identifying and counting mussels in the reach for a specific period of time.  In contrast, quantitative surveys usually consist of counting all mussels in a known area, such as 0.25 m2 quadrats, which have been randomly identified within the reach.  Strayer et al. (1997) found that timed searches were effective at detecting sparse ((0.01/m2) populations.  Likewise, Vaughn et al. (1997) compared timed searches done by snorkeling with quadrat sampling and found that both were adequate, but timed searches increased the chance of finding more species (Vaughn et al. 1997).  

Payne et al. (1997) and Vaughn et al. (1997) recommended combining qualitative surveys and quantitative surveys to assess populations of mussels.  Using qualitative and quantitative surveys in a two-phase approach is useful for applying adaptive cluster sampling, which is an efficient design for studying rare and clustered populations (Thompson and Seber 1996).  Adaptive cluster sampling is a statistical design based on first finding a rare, clustered object and then continuing to look for others in adjacent areas.  The qualitative survey post-stratifies the primary units sampling units, such as reaches, into those suitable for adaptive cluster sampling or other more conventional designs (Cochran 1977).

Managers have little information on the macro and microhabitat factors that affect distribution and abundance of freshwater mussel distribution in healthy and degraded rivers of the Pacific Northwest.  This information is essential for designing recovery actions.  Vannote and Minshall (1982) studied the effects of fluvial processes and local lithology on Pacific Northwest mussels.  They found that M. falcata mostly occurred in areas with water velocities great enough to prevent deposition of fine sediment.  In contrast, G. angulata preferred silted or depositional areas in streams.  Toy (1998) described substrate, water velocity, and water chemistry of M. falcatta habitat in two Puget Sound streams.  

Although most published studies have not focused on Pacific Northwest species, macrohabitat factors, which operated over the scale of kilometers versus meters, have generally been more useful in explaining mussel diversity and abundance in large rivers than microhabitat factors.  Macrohabitat factors included hydrology (Vannote and Minshall 1982, Di Maio and Corkum 1995, Layzer and Madison 1995), drainage area (Strayer 1993), and degree of riparian cover (Morris and  Corkum 1996).  Microhabitat factors included factors such as water velocity, channel depth, and sediment size (Strayer 1981, Stern 1983, Salmon and Green 1985, Strayer and Ralley 1993, Layzer and Madison 1995).  In small drainages and headwater streams, however, microhabitat factors may also be useful explanatory variables, because macrohabitat factors may not vary much (Johnson and Brown 2000). 

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 aggregations < 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 also 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 genetic population structure in freshwater mussels have been based on allozyme, mitochondrial DNA, or sequence ribosomal DNA variation.  Microsatellite markers are 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 by genotypic disequilibrium (e.g. Johnson 1997, 1998).  Mitochondrial DNA variation is useful for identifying distinct lineages (Avise 1994).  It does not require that individuals be sacrificed and historical samples can be analyzed.  Interpretation can be complicated in some species of mussels, however, because they may 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.  In addition, microsatellite DNA may 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.  For example, restoring aquatic fauna of the Umatilla River means reintroducing species, such as lamprey or freshwater mussels, which prey on Pacific salmon or use them as hosts.  Managers will need experience in developing innovative tools and using complex information to make decisions.  One potential side benefit of characterizing the molecular genetics of mussels, for example, may be to provide ecologists and fish pathologists a tool 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 would allow ecologists to study the natural interaction between salmon and mussels more precisely in areas where multiple species of mussel occur or are reintroduced.  This will result in better information for managers.  One of us (Dave Close) has conducted laboratory studies on the physiology of M. falcata, and he has extensive experience with the challenges of introducing lamprey to a basin where Pacific salmon populations are rebuilding, which should be useful for this project. 

c. Rationale and significance to Regional Programs
      This project is essential to conserve and restore freshwater mussels in the Umatilla River.  The project addresses the needs outlined in the Umatilla Subbasin Summary and the provisions of the Fish and Wild Program.  The Umatilla Subbasin Summary calls for strategies to “conduct initial investigations and develop a restoration plan for freshwater shellfish in the Umatilla River.”  Our first objective addresses Action 15.1, which is to “conduct qualitative and quantitative surveys to assess shellfish populations.”  Our second objective addresses Action 15.3, which is to “determine macrohabitat and physiochemical factors controlling distribution and abundance.  Our third objective addresses Action 15.2, which is to “survey genetic variation within and among Umatilla and selected Columbia River subbasins.”  

      Mussels are also 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 affected mussels directly through habitat loss and indirectly through the impacts on host salmon.  Our first and second objectives are 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 third 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 explores new ground in the restoration of fish and salmonid ecosystems.  To the best of our knowledge, no other projects like this have been funded or initiated by the Bonneville Power Administration.  This project is part of the overall goal to recover an intact, fully functioning, salmonid producing river in the Umatilla River, however.  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 research 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.  This project also relies on collaborative efforts with the USDA Forest Service to survey mussel populations in the Middle Fork John Day River and the Northwest Indian Fisheries Commission.  The Forest Service is providing technicians to help with survey work and the Northwest Indian Fisheries Commission is providing genetic and statistical assistance. 

e. Project history (for ongoing projects) 

Not Applicable

f. Proposal objectives, tasks and methods
The overall goal of this research is to provide essential information for designing a recovery plan for freshwater mussels in the Umatilla River and other mid-Columbia River watersheds where mussels may be declining or extinct.  

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

Objective 2:  Describe macro and microhabitat variables controlling the distribution and abundance of freshwater mussels in Umatilla and Middle Fork John Day Rivers.

Objective 3:  Describe genetic variation among the western pearl shell mussel, Margaritifera falcata. 

Objective 4:  Report results to the funding agency.

Objective 5:  Publish findings in peer-reviewed journals. 


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 measurable objective of this survey will be to produce a map of relative mussel densities at nearly 80 locations in these rivers and an estimate of the power to detect changes in status.   

We will use a two-phase approach.  First, we will use a systematic, qualitative sampling design to survey the Umatilla River and Middle Fork John Day River to identify areas of high, moderate, or low mussel densities.  We will then apply this information to develop an adaptive clustering design to better estimate mussel densities.  Because we expect mussel densities to be low in the Umatilla River, we include the Middle Fork John Day River, an adjacent watershed where densities are believed to be greater. 

Task 1.a.  Determine sampling locations.

We will use a systematic sampling design to identify reaches (primary sampling units) in the Umatilla River and Middle Fork John Day River where we will survey for mussels.  Starting a point randomly selected within 0-4 kilometers of the mouth of the rivers, we will survey in reaches at 4 kilometers intervals.  We will identify location of sites using geographical information system (GIS).  This will provide 36 locations in the main stem Umatilla River and 30 in the Middle Fork John Day River.  We will also survey 26 locations in seven perennial tributaries, where sampling intervals 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 qualitative mussel survey.

At each reach, mussel density will be assessed qualitatively.  Latitudinal transects will be established at each sample location, and surveyors will snorkel the substratum searching and counting mussels for a one hour period (e.g., two biologists for 30 min.).  Without SCUBA, surveyors may be restricted to areas in the river less than 0.75 meters in depth.  In shallow areas, a 18.9 liter bucket with plexiglass bottom will be used to observe mussels. Before starting the survey, we will standardize survey methods among surveyors in the Middle Fork John Day River, where mussels are more 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.  At each location, mussels will be collected, identified by species, measured for length, and returned to the river.  

Task 1.c.  Analyze data

Mussel abundance will be categorized qualitatively, using the catch-per-unit-effort measure (mussels counted/hr).  Based on the scientific literature, we have tentatively identified four categories of abundance:  1) none, 2) low (1-10/hr), 3) moderate (11-30/hr), and 4) high ((30/hr).  The thresholds for each of these categories may change as we get more realistic estimates of the distribution of mussel density and abundance.  Because the proportion of sites of each category represents a description of the status of mussels in the watersheds, we will estimate the power to detect changes in status using simulation analyses.  This will be useful for developing monitoring programs.

Objective 2:  The scope of this objective is to identify the habitat factors affecting mussel distribution in areas of low, moderate, and high densities.  A measurable objective of this research is to produce a model for predicting where mussels may be found in other watersheds.  The null hypothesis is that mussel abundance and distribution is not related to macro and microhabitat factors.  This objective may be accomplished as part of a graduate thesis program. 

     Task 2.a.  Identify macro and microhabitat variables.  

     We will survey the scientific literature for habitat factors that have been useful for explaining the distribution and abundance of other species of freshwater mussels.  Some of these we have already identified and described in the background text above. 

     Task 2.b.  Stratify and identify sampling areas.
     We will post-stratify sampling areas based on the results of Task 1.  Based on the results of Task 1, we will randomly select sampling areas from each the four categories in which to measure habitat variables.  We will conduct preliminary assessments to determine the number necessary to provide adequate power.  We will also use preliminary assessments to determine the sampling strategies and parameters for re-estimating densities using quantitative techniques, such as adaptive cluster sampling (in low abundance areas) or conventional random sampling (in high abundance areas).   

     Task 2.c.  Measure variables.  

     At each of the sampling areas identified in Task 2.b., we will conduct quantitative estimates of mussel density and measure the habitat variables identified in Task 2.a.  We will measure densities in 0.25-m2 quadrats, according to the sampling design in Task 2.b.  Microhabitat variables that can change, such as water quality parameters (temperature, dissolved oxygen, specific conductivity, pH), will be repeated over time.  Microhabitat variables, such as channel width, channel depth, sediment size, and sediment compaction, will be measured in multiple locations.

     Task 2.d.  Describe relationships.

    We will test for differences in habitat variables among streams in the three categories using analysis of variance.  To develop a model to predict mussel distribution and abundance, we will use discriminant function analysis to construct linear functions of the original habitat variables that best separate the three abundance categories in multivariate space and to estimate the predictive power of the original variables.

Objective 3:  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.  Measurable objectives of this research are 1) microsatellite and mitochondrial DNA profiles of M. falcata.  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 and mitochondrial DNA markers.  The null hypotheses is that M. falcata is a widely dispersed, randomly mating population.

Genetics laboratory work will be performed at one or more laboratories under subcontract and the data will be analyzed by Dr. Ken Currens and Dave Close.  Federal contracting regulations prevent us from knowing which laboratories will do the work until bidding is completed.  Three potential subcontractors are 1) the Washington Department of Fisheries and Wildlife genetics laboratory under the supervision of Dr. James Shaklee, 2) the University of Idaho laboratory (Center for Salmonid and Freshwater Species at Risk) under the supervision of Dr. Madison Powell, and 3) SeaStar Biotech, Inc., under the supervision of Dr. John Nelson. 

Task 3.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 3.b.  Analyze microsatellite DNA variation.  

Task 3.b.1.  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 3.b.2.  Characterize microsatellite DNA genotypes. 

We will use the following basic methods, although details such as equipment and brands may vary slightly by laboratory.  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 3.c.  Characterize mitochondrial DNA variation


We will use the following basic methods, although details, such as equipment and chemical brands and kits, may vary slightly by laboratory.   We will examine mitochondrial DNA sequences for one of two genes, the cytochrome oxidase I (COI) gene or the 12s rRNA gene.  Both genes are highly conserved, which will allow us to use or slightly modify primers developed for other species.  The rates of silent change in the genes are similar to that for mitochondrial DNA overall, which may allow us to detect population structure (Hillis et al. 1996).  Genomic DNA will be extracted using one of the two methods described above (Task 3.b.2).   Mitochondrial DNA sequences will be obtained by PCR amplification using sequences and reaction parameters available from the scientific literature.  In general, approximately 100 ng of genomic DNA will be used for PCR in a 25-(L solution of each dNTP at 0.1mM, primers at 1.0 (M, 40 mM MgCl2, 2.5 (L Taq buffer, and 0.6 units of AmpliTaq polymerase.  Reactions will be amplified for approximately 30 cycles at 92o for 40 s, 50o for 1 min, and 72o for 1.5 min.  Single-stranded DNA will be obtained by asymmetric amplification, purified, concentrated by filtration using a commercially available kit (e.g., Millipore Ultrafree-MC) and sequenced using primers identified from the literature.  

Task 3.d.  Analyze results.


From the microsatellite DNA data, 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).  For the mitochondrial DNA data, we will align sequences, identify and test for differences in frequencies of unique mitochondrial haplotypes, and compare percent sequence differences among and within species. 

Objective 4.  Share information.

     We will complete final report to the funding agencies with the results of the mussel status surveys, a description the macro and microhabitat variables associated with mussel abundance and distribution, 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.  We will also make sequence data and tissues available to genetic databases and tissue archives, such as the National Biological Service respository (King et al. 1996). 

Objective 5:  Publish results in a scientific journal.  

     We expect to publish the results of this research as 2-3 papers in a peer-reviewed, scientific journals.  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.
g. Facilities and equipment
Objective 1,2,4&5:  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 3:  The specific facilities and equipment used for the genetic analyses will depend on the subcontractor.  We expect that at a minimum, the laboratories will be similar to that of the Washington Department of Fisheries and Wildlife genetics laboratory, which is described below.  The 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&5:  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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Principal Investigator:  Mr. David A. Close

Project Leader, Lamprey Research and Restoration Project, Confederated Tribes of the Umatilla Indian Reservation, Tribal Fisheries Program, Pendleton, Oregon.

Role:  Project Leader, Coordinate mussel surveys, analyze results, write final report, and prepare material for publication in a scientific journal.  Coordinate genetic sample collection, assist in analysis of results, assist in writing final report, and prepare material for publication in a scientific journal.

Education:

M.S. Fishery Science (2001).  Oregon State University, Corvallis, Oregon.


B.S.  Fishery Resources (1994).  University of Idaho, Moscow, Idaho.


A.A.  Liberal Arts (1991).  Blue Mountain Community College, Pendleton, Oregon.

Experience:

Fisheries Biologist-Project Leader-Pacific Lamprey Research and Restoration Project, Confederated Tribes of the Umatilla Indian Reservation, Pendleton, Oregon (1998- present).  Duties include developing research proposals, completing technical reports, designing experiments to gain information on Pacific lampreys, and developing Pacific lamprey restoration plan.

Graduate Research Assistant, Oregon Cooperative Fishery Research Unit, Department of Fisheries and Wildlife, Oregon State University (1994-1998).  Duties included preparing proposals, experimental design, sampling, and laboratory experiments on Pacific lampreys to determine if classical stress indicators could be used to detect stress in lampreys. 

Fisheries Biologist,  National Biological Survey, Columbia River Research Laboratory,  Cook, Washington (1994).  Duties included Sampling zooplankton in reservoirs, tracking movements of Northern pikeminnow, and identification of aquatic macroinvertibrates and juvenile fish.

Fisheries Technician,  Confederated Tribes of the Umatilla Indian Reservation (1988-1990; 1993), Intertribal Fish Commission. (1992), United States Forest Service (1991).  Duties included sampling fall chinook in Hanford Reach; predation control of Northern pikeminnows; habitat surveys in the Umatilla National Forest; surveyed spawning distribution of spring chinook in the John Day River using snorkeling.

Selected Technical Reports

Close, D.A., M.S. Fitzpatrick, and H.W. Li., B.L. Parker, D.R. Hatch and G.A. James 1995.  Status report of the Pacific lamprey (Lampetra tridentata) in the Columbia River Basin.  Bonneville Power Administration, Portland, Oregon.

Manuscripts in preparation
P. Bradley, D.A. Close, and C. Langdon.  Filtration of Giardia muris cysts by the freshwater mussel (Margaritifera falcata).  submitted to Journal of Parasitology.

Close, D.A., M.S. Fitzpatrick, and H.W. Li.  Status and importance of Pacific lampreys (Lampetra tridentata) in the Columbia River Basin.  To be submitted to Fisheries.

Close, D.A., M.S. Fitzpatrick, G. Fiest, B. Siddens, H.W. Li, and C.B. Schreck.  Effects of acute stress on the physiology of Pacific lampreys (Lampetra tridentata).  To be submitted to General and Comparative Endocrinology.

Close, D.A., M.S. Fitzpatrick, C.M. Lorion, H.W. Li, and C.B. Schreck.  The effects of intraperitoneally implanted radio transmitters on the swimming performance and physiology of Pacific lampreys (Lampetra tridentata).  To be submitted to Journal of Fish Biology.

Principal Investigator:  Dr. Kenneth P. Currens

Program Director, Hatchery Genetics and Ecology Program, Northwest Indian Fisheries Commission, Olympia, Washington.

Role:  Coordinate genetic analysis, analyze results, write final report, and prepare material for publication in a scientific journal.  Advisory providing review and comment to CTUIR. Expected FTE is 0.10.

Education: 
Ph.D. Fishery Science (1997).  Oregon State University, Corvallis, Oregon.

M.S. Fishery Science (1987).  Oregon State University. 

B.S. Fishery Science (1983).  Oregon State University. 

B.A. English (1979).  University of Oregon, Eugene, Oregon.

Experience:  

Scientist for the Northwest Indian Fisheries Commission, Olympia, WA (1995-Present). Duties include coordinating genetic and ecological research, analysis, and policy development for species of concern to Northwest tribes.  Current research projects are on genetic structure of Dolly Varden and cutthroat trout in Prince William Sound, Alaska; sockeye and kokanee salmon in Lake Ozette, Washington; and fitness of hatchery and wild chinook salmon in the Puget Sound.  

Faculty Research Assistant & Genetics Program Leader for Oregon Cooperative Fishery Research Unit, Oregon State University, Corvallis, OR (1987-1995).   Duties included developing proposals, managing laboratory work of research assistants, and graduate students, data analysis, and publication.  Research was focused on use of allozyme and DNA techniques to detect population differentiation in populations of rainbow trout and steelhead, cutthroat trout, chinook salmon, and coho salmon.  Work also included population genetic aspects of host-parasite relationships in salmon using Ceratomyxa shasta (Currens et al. 1997).

Selected Publications: 

Currens, K.P., A. R. Hemmingsen, R. A. French, D. V. Buchanan, C. B. Schreck, and H. W. Li.  1997.  Introgression and susceptibility to disease in a wild population of rainbow trout.  North American Journal of Fisheries Management 17:1065-1078.

Currens, K.P, and C.A. Busack.  1995.  A framework for assessing genetic vulnerability.  Fisheries 20(12):24-31.

Currens, K. P., S. Krueger, D. E. Farnsworth, and C. B. Schreck.  1994.  Mitochondrial DNA Variation in Oregon coho salmon populations.  NOAA Tech. Memo. NMFS-NWFSC-17:35-37.

Adams, N.S., W.J. Spearman, C.V. Burger, K.P. Currens, C.B. Schreck, and H.W. Li.  1994.  Variation in mitochondrial DNA and allozymes discriminates early and late forms of chinook salmon (Oncorhynchus tshawytscha) in the Kenai and Kasilof rivers, Alaska.  Can. J. Fish. Aquat. Sci. 51:172-181.

Currens, K.P., C.B. Schreck and H.W. Li.  1990. Allozyme and morphological divergence of rainbow trout (Oncorhynchus mykiss) above and below waterfalls in the Deschutes River, Oregon.  Copeia 1990(3):730-746.

John Sanchez

USDA Forest Service, Fish Biologist

Role:  Cooperator with CTUIR.

Education:

1979 B.S. Humboldt State University, Fish Biology and Wildlife Management

1987 Certified Fisheries Scientist, American Fisheries Society

Experience:

21 years of experience as a professional fisheries biologist.  Worked as a District Fisheries Biologist on three Ranger Districts and has been the Forest Fisheries Biologist on the Umatilla National Forest since 1987.  Duties have included BPA Project Manager for the past 12 years working on several projects in the John Day and Umatilla watersheds.
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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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