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Section 3. Project description

Provide project detail for headings a through g. 

a. Abstract

Conservation and restoration of spring/summer chinook salmon (Oncorhynchus tshawytscha) requires knowledge of the structure of populations in order to define basic units of conservation. The Interior Columbia Basin Technical Recovery Team and others, for example, have prioritized tasks to define individual salmon populations. In concert with the critical need to understand population structure is the need to understand other factors, such as the relevance of metapopulation dynamics, that may influence salmon persistence and recovery. Despite the need for reliable data to describe population structuring and to understand other factors that may influence persistence and recovery, such information is lacking. In response to these needs, we propose research that will apply a series of newly developed genetic markers and analytical methods to describe local population structuring in an endangered chinook salmon ESU. An important and relatively novel aspect of the study will be the integration of genetic inferences with existing research describing ecological and demographic patterns, and the potential to interpret genetic structure over generations. We will apply molecular genetic markers (microsatellites) to 1) define spatial and temporal patterns of genetic variability among spawning aggregations of chinook salmon; 2) analyze patterns of molecular genetic variation using new maximum-likelihood methods that provide greater detail and improve resolution of patterns of population structure and dispersal (gene flow); 3) apply new analytical methods to determine occurrence of possible population bottlenecks or founder events within populations; 4) explore new applications of genetic assignment tests for analysis of dispersal among populations, and to identify individual origins; and 5) interpret genetic results relative to spatial and temporal patterns of spawning activity observed through an independent demographic study to produce combined inferences about population structure and metapopulation dynamics. Results will address high priority needs to understand population structuring and the processes that influence salmon persistence and recovery.  

b. Technical and/or scientific background

Severe declines in the Snake River spring/summer chinook salmon (Oncorhynchus tshawytscha) ESU (Evolutionarily Significant Unit) prompted their listing as a threatened species under the Endangered Species Act in 1992 and their emergency listing as an endangered species in 1994. In response, various federal, state, and tribal agencies are applying efforts to stem declines and restore populations of anadromous salmonids within the Columbia River Basin (Lee and Grant 1995; NMFS 2000a). As an integral part of this effort, the Council’s Fish and Wildlife Program (NWPPC 2000) and the Idaho Department of Fish and Game (IDFG 2001) have called for long-term monitoring, indexing, and acquisition of life history information for Snake River chinook salmon stocks. In addition, a large variety of analytical efforts are underway to support decision-making for restoration of threatened and endangered anadromous fish stocks in the Columbia River Basin. As described by Bisson et al. (2001), these efforts include the PATH (Plan for Analyzing and Testing Hypotheses) process (Marmorek and Peters 1998); the NMFS’ Cumulative Risk Initiative (CRI); and the NWPPC use of the Ecosystem Diagnosis and Treatment Protocol (EDT). Each of the efforts listed above will require reliable information about the structuring of anadromous fish populations in order to define conservation units.

The importance of understanding population structuring has also been emphasized in recent meetings of the Interior Columbia Basin Technical Recovery Team (TRT), an advisory group convened to develop guidance for conservation and restoration strategies for listed anadromous salmonids in the upper Columbia and Snake River basins (http://www.nwfsc.noaa.gov/cbd/trt/index.html).  The first tasks assigned to the TRT include the following (Oct-01-01 meeting notes): 1.) Define individual populations within each ESU – historical and current; and 2.) Determine viability criteria for each population following Viable Salmonid Population (VSP) guidelines (e.g., McElhaney et al. 2000). Ensuing discussions within the TRT (Nov-01-01 meeting notes) have focused on identifying populations.  Populations can be defined by a number of criteria, including ecological or environmental gradients, demography (e.g., patterns of dispersal and migration), or patterns of genetic variation.  The strongest inferences about population structure come from studies that integrate multiple lines of evidence from these different sources of information (e.g., Waples 1991; Utter et al. 1993; Nielsen 1995; Dunham et al. 1999; Spruell et al. 1999; Paetkau 1999; Peacock et al. 2001; Taylor et al. 2001; Wenburg et al. 2001).  The TRT has acknowledged these issues in population identification and moved to select a “test” subbasin for employing an approach to identifying populations.  The selected area was the Snake River spring/summer chinook salmon ESU. 

Despite the need for reliable data on population structuring, information to describe the fine scale population structure of chinook salmon populations is lacking. The lack of population data is exacerbated by the fact that suitable areas to evaluate the fine scale genetic structuring of chinook salmon populations are scarce. Most watersheds supporting chinook salmon in the Columbia River Basin have been influenced by releases of hatchery stocks. Thurow et al. (2000) reported that about 4% of the spring/summer chinook salmon populations within the potential historical range and 15% of the populations within the current range in the Columbia River Basin and portions of the Klamath River Basin were judged to be indigenous populations, unaltered by non-indigenous releases. For the purposes of this proposal, we define “indigenous” populations as those derived from natural reproduction of native fish with no history of genetic mixing with hatchery fish. Most existing chinook salmon production in the Columbia basin is supported by hatchery fish as a result of large-scale mitigation programs. By the late 1960s hatchery production surpassed natural production in the Columbia River Basin (NWPPC 2000). 

The Middle Fork Salmon River (MFSR; Figure 1), Idaho represents one of the few large remaining areas supporting indigenous chinook salmon within the Snake River ESU (Lee et al. 1997; Thurow et al. 1997; NMFS 1998; Thurow 2000). The MFSR, a National Wild and Scenic River, drains about 7,330 km2 of a remote area of central Idaho and for most of its length, the river flows through the Frank Church River of No Return Wilderness. In 1980, the Central Idaho Wilderness Act established the 906,136 hectare wilderness that remains the largest contiguous wilderness in the lower 48 states and the largest in the National Forest system. See Thurow 2000 and Huntington et al. 2001 for a detailed study area description.

In addition to supporting indigenous fish, the MFSR is an excellent location to study chinook salmon population structuring for several other reasons. First, most of the MFSR drainage has been relatively undisturbed by human influences so habitat quality has not been substantially altered. If degradation of habitat were widespread, it might confound an analysis of population structure by influencing fish distribution and abundance.  Second, few introduced species are present within the range of chinook salmon in the MFSR. Only brook trout (Salvelinus fontinalis) have been observed within known chinook salmon spawning and rearing areas in a few tributaries (Thurow 1985). Introduction of other non-native salmonids including forms of rainbow trout (Oncohynchus mykiss) and cutthroat trout (O. clarki), golden trout (O. aguabonita), and arctic grayling (Thymallis arcticus) have been confined to formerly fishless high elevation lakes. Third, the large area provides an opportunity for a sample size representing a diversity of environmental conditions, including steam sizes, elevations, and basin geologies. About 650 km of tributaries and 170 km of the mainstem are accessible to chinook salmon (Mallet 1974; Thurow 1985). In 2001, an estimated 1,789 chinook salmon redds were constructed in the drainage. The large hydrologic network and diverse spawning areas increase the likelihood that substantial population structuring occurs within the drainage (Figure 1). Fourth, excellent opportunities exist for extensive collaboration with other agencies and tribes. Fifth, RMRS scientists have been investigating chinook salmon in the MFSR since 1995 and BPA projects #199902000 and #28001 will continue through 2004. Sixth, the innovative project sponsor has more than 20 years of experience working in this drainage and an intimate knowledge of the MFSR and the spawning ecology of its chinook salmon. 
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Figure 1. Middle Fork Salmon River drainage, Idaho
In concert with the critical need to understand chinook salmon population structure is the need to understand such structure as it relates to other factors that may influence persistence and recovery.  Metapopulation dynamics, for example, are believed to be important for the persistence of many salmonids (McElhaney et al. 2000; Rieman and Dunham 2000).  Metapopulation dynamics include ecological, demographic, and genetic interactions among local populations that are interconnected by dispersal and migration enabling an extinction-colonization dynamic (Hanski 1999).  Despite repeated references to the importance of metapopulations in management applications, evidence for metapopulation processes remains limited (Rieman and Dunham 2000).  Because metapopulation dynamics may involve complex interactions, it is essential to use multiple lines of evidence to understand them (Hanski 1999; Rieman and Dunham 2000).  

Since 1995, scientists at RMRS have been collecting data relevant to a demographic and ecological analysis of wild chinook salmon populations within the MFSR. The goal of that ongoing research is to test the relevance of metapopulation theory to the persistence of declining stocks of salmon by evaluating the relationship between habitat structure, fish distribution, and persistence at a variety of spatial and temporal scales (Thurow 2000). The existing research has been supported by BPA since 1999 (BPA project # 199902000 “Analyze the Persistence and Spatial Dynamics of Snake River Chinook Salmon.”)  Here, we propose complementary studies using molecular genetic markers to provide further insights on indigenous chinook salmon populations. To our knowledge, we are proposing one of the first comprehensive descriptions of fine-scale genetic structuring within a large basin that supports wild, indigenous chinook salmon (see also Teel et al. 2000). The research will be one of a few studies we are aware of (see for example, Rieman and Dunham 2000) that combines inferences from multiple sources of information to understand metapopulation processes.

Our study has five objectives:  1) Apply molecular genetic markers (microsatellites) to define spatial and temporal patterns of genetic variability among spawning aggregations of chinook salmon in tributaries to the MFSR; 2) Analyze patterns of molecular genetic variation using standard and new maximum-likelihood methods to define patterns of population structure and dispersal (gene flow); 3) Apply new analytical methods to evaluate possible population bottlenecks or founder events within populations; 4) Explore new applications of genetic assignment tests for analysis of dispersal among populations; and 5) Integrate results from demographic, ecological, and genetic analysis to describe population structure and to draw inferences about metapopulation dynamics.  Information will be distributed via contract reports; peer-reviewed publications in professional journals; oral papers presented at professional meetings, technical conferences, and workshops; in response to information requests; and at informal meetings with state and federal agencies, tribes, and university scientists involved in management of Snake River chinook salmon.

c. Rationale and significance to Regional Programs

As emphasized above, the results of this research will be directly applicable to the critical needs expressed by the Columbia Basin Technical Recovery Team; that is, to develop criteria for identifying local populations of chinook salmon. In recognition of the urgency of this need, we will work directly with TRT members to ensure that genetic data are made available in a timely and coordinated fashion.  

In addition to the key information needs identified by the TRT, this research addresses three critical needs identified in Regional Program documents, including 1) the need for long-term information to assess trends in wild chinook salmon populations; 2) the need for evaluation of broad scale population sampling and inventory methods; and 3) the need for analysis of the spatial structure of wild chinook salmon populations.

Long-term trend information

The Power Planning Council’s Fish and Wildlife Program (NWPPC 2000), the Salmon Subbasin summary (Huntington et al. 2001), the National Marine Fisheries Service Biological Opinion (NMFS 2000b), and IDFG (2001) all emphasize the need for long-term monitoring and acquisition of life history information for chinook salmon. These and other Regional Program documents emphasize the need for efforts to gather data on wild and naturally occurring spawning stocks. The Biological Opinion (NMFS 2000b) also notes that a comprehensive monitoring and evaluation program will be required to meet RPA (reasonable and prudent alternatives). Our research objectives are very consistent with guidelines outlined by NMFS (2000b; 2001) that call for “critical monitoring/evaluation components” which will be integral to measuring recovery performance standards (also see McElhaney et al. 2000). The Columbia Basin Fish and Wildlife Authority (CBFWA) notes that a primary function of species monitoring and evaluation components is to measure progress toward achieving conservation and recovery objectives (NWPPC 2000).  The baseline of information gathered in this project should provide a critical basis for evaluating future genetic and population trends.

Broad scale sampling

The recent Salmon Subbasin summary specifically calls for research to provide validation of broad scale population sampling and inventory methods (Huntington et al. 2001). The Biological Opinion (NMFS 2000b) calls for monitoring population status by assessing population abundance, trends, distribution, and variation.  Ongoing BPA project # 199902000 represents the first comprehensive survey of spawning areas and redds in a large basin and provides key information on overall distribution of redds and spawning fish. Further, the data enable a comparison of trends between “index” areas and complete inventories. The proposed integration of genetic information will provide complementary information on population structuring so that population trends can be assessed accurately, and monitoring programs can be designed with an understanding of the relevant population structure.

Spatial structure

The Biological Opinion (NMFS 2000b) and the Salmon Subbasin summary (Huntington et al. 2001) both call for an analysis of the spatial structure of wild chinook salmon populations. The CBFWA similarly notes that monitoring programs need to be expanded as necessary to reduce critical uncertainties (NWPPC 2000). As noted above, in response to declining populations, ESA requirements, and regional monitoring efforts, agencies have adopted policies that attempt to conserve and restore remaining chinook salmon populations. Considerable effort has been applied to conserve or restore the quality of habitats considered necessary for chinook salmon to complete their complex life cycle. Although recolonization and persistence of chinook salmon may be strongly influenced by the spatial geometry of remaining habitats, the relevance of these concepts to the persistence of declining stocks of salmon remains unknown. Yet, little effort has been directed toward evaluating whether patterns in the distribution and spatial structure of salmon populations are important to their persistence. This research directly addresses those stated research priorities and management needs.  
d. Relationships to other projects 
This research fully complements the annual chinook salmon redd surveys completed within the MFSR study area by a large group of collaborators including IDFG, the Nez Perce Tribe, the Shoshone-Bannock Tribe, and National Forests including the Payette, Boise, Salmon-Challis, and Sawtooth. IDFG conducts annual redd counts at several index reaches as part of BPA Projects #89098000 “Idaho Supplementation Studies” and #199107300 “Idaho Natural Production Monitoring and Evaluation”. The Nez Perce tribe conducts redd counts in Big and Bear Valley creeks as part of “Lower Snake River Compensation Plan hatchery Evaluations”. The Shoshone-Bannock tribe conducts redd counts in Bear Valley Creek under BPA Project #199405000 “Salmon River Habitat Enhancement M&E”. Biologists from the Boise, Payette, and Salmon-Challis National Forests also participate in redd counts in selected areas. To capitalize upon this situation, our project will integrate with the existing projects to the maximum extent possible. For example, our redd count data are currently shared with IDFG, the Tribes, and the National Forests.  

Additionally, the proposed research will be heavily integrated with two existing BPA Projects that are currently administered by RMRS scientists. In the first project, scientists at RMRS have been collecting data relevant to demographic and ecological analyses of indigenous chinook salmon populations within the MFSR since 1995. The project goal is to test the relevance of metapopulation theory to the persistence of declining stocks of salmon by evaluating the population structure and dynamics of chinook salmon and associated environmental drivers, at a variety of spatial and temporal scales (Thurow 2000). That existing research has been supported by BPA since 1999 (BPA project # 199902000 “Analyze the Persistence and Spatial Dynamics of Snake River Chinook Salmon”). The second project (BPA project #28001 “Evaluate Factors Influencing Bias and Precision of Chinook Salmon Redd Counts”) is designed primarily to improve redd survey techniques, but is additionally providing detailed information on the spawning ecology of chinook salmon in a diverse set of environments (Thurow et al. 2001). This proposal and the two existing projects complement each other in several ways. First, the use of molecular genetic markers will provide important insights on structuring and dynamics of indigenous chinook salmon populations. Second, field crews conducting research under projects #199902000 and #28001 will continue to collect tissue samples from chinook salmon carcasses they encounter. These samples provide the tissue needed to complete the genetic analysis of fine-scale population structuring along both spatial and temporal axes. 

In association with BPA projects # 199902000 and #28001 we have been gathering and archiving otoliths collected from chinook salmon carcasses encountered in MFSR tributaries during our surveys in cooperation with agencies and tribes listed above. Recent work demonstrates that the elemental chemical composition of otoliths may be used to reconstruct the environmental history of individual fish and potentially distinguish populations (e.g., Rieman et al. 1994). Otoliths could prove useful for addressing important questions about dispersal, life history characteristics, origin, and persistence of MFSR chinook salmon. As otolith analysis techniques are improved, we may initiate a new project using our archived samples.  This information could provide an important compliment to patterns revealed by genetic markers and analyses of spatial and temporal spawning patterns.

e. Proposal objectives, tasks and methods
Objectives 

Objective 1. Apply molecular genetic markers to quantify genetic variability in spawning aggregations of chinook salmon in tributaries of the MFSR.

Genetic data can be very valuable for filling gaps in demographic data, as they provide a view of the average effect of long-term dispersal or migration (Neigel, 1997).  For taxa such as salmon, where important processes such as population turnover may occur on longer (e.g., >10 year) time scales, genetic methods may provide information not attainable with direct methods (e.g., redd counts, mark-recapture data) that are typically based on shorter time series.  Choice of a genetic marker depends on two factors:  (1) the mutation rate of the marker, and (2) the evolutionary time frame of the question at hand.  When dealing with questions of contemporary gene flow and population subdivision such as desired here, a highly variable neutral marker is needed for better resolution of relatively recent evolutionary patterns.  Neutral microsatellite markers, quickly evolving tandem repeats found throughout the nuclear genome, are one of the only groups of markers that provide this resolution, and have rapidly become a powerful tool for estimating parameters such as gene flow and genetic distance among populations (Luikart and England 1999; Parker et al. 1998; Angers and Bernatchez 1998; Goldstein et al. 1999; Wenburg et al. 1998).  In addition, several recent analyses such as MIGRATE and the assignment test (see below) are able to capitalize on the high variability found among individuals in microsatellite loci to investigate dispersal at even finer scales, down to the level of individual movement (Paetkau 1995;Waser 1998; Davies et al. 1999).  

Microsatellites have become such a popular tool for studying population genetic structure in salmon that many laboratories (including those investigators with laboratories on this proposal) have undertaken a coordinated effort to ensure effective dissemination of information about microsatellites and standardization of their use across various labs and analysis platforms (e.g., Coastwide Salmonid Microsatellite Standardization Working Group).  As a result, a multitude of microsatellite loci have already been tested and used successfully in chinook salmon.  There are 62 chinook-specific microsatellite sequences currently posted for public access on GenBank http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Nucleotide.

Several recent studies have demonstrated the effectiveness of microsatellites in resolving microgeographic genetic structure and temporal variability in salmonid populations (e.g., Tessier and Bernatchez 1999; Spruell et al. 1999; Castric et al. 2001; Wenburg and Bentzen 2001; Hebert et al. 2000; Heath et al. 2002).  In Lahontan cutthroat trout, microsatellites have enabled investigation of the influence of life-history segregation on population genetic structure within a single watershed, and have resolved structure at a geographic distance of less than 3 kilometers (Neville Arsenault and Peacock in prep). A recent study in the Dungeness River in northwest Washington used microsatellite markers to identify parentage in pre-emergent chinook alevins, and identified small (reach) scale patterns of homing (Bentzen et al. 2001).

We hypothesize that molecular genetic markers will provide a valuable tool for defining genetic variability in chinook salmon in the MFSR. Applications of microsatellite markers to salmonid fish have provided novel insights into population structuring for a variety of species (see above).  Existing genetic data (allozyme loci) from collections of chinook salmon within the MFSR already indicate that genetic structuring exists within the basin (F. Utter, personal communication, 2002). Allozymes typically evolve at a much slower rate than microsatellites, and microsatellites have repeatedly demonstrated populat ion structure where allozymes showed little resolution (Nielsen in press; Sunnucks 2000;  Estoup et al. 1998; Davies et al. 1999).  Given that genetic structure in this basin was strong enough to be detected by allozymes, we are encouraged  that microsatellite loci will provide even greater resolution of genetic patterns in the MFSR.  

Fine-scale genetic structure and dispersal behavior can be detected with relatively few microsatellites, and most recent studies have been completed with fewer than 20 or even 10 loci (e.g., Neville et al., in prep; Tessier and Bernatchez 1999; Spruell et al. 1999; Castric et al. 2001; Wenburg and Bentzen 2001; Hebert et al. 2000; Heath et al. 2002); given the abundance of microsatellite loci specific to chinook salmon available publicly (see above), we are confident that analysis of microsatellites will be the most strategic and successful approach to understanding population structure in the MFSR.  

Tasks and methods

Task 1. Inventory existing samples available for genetic analysis.  

IDFG and collaborators including RMRS have been collecting tissue samples from chinook salmon carcasses in the MFSR since 1996. Archived samples represent at least six major spawning tributaries in the Middle Fork Salmon River drainage (Table 1). We have inspected the samples and they are preserved in alcohol and large enough for several analyses to be completed from each sample. RMRS has also been collaborating with IDFG to collect and archive otoliths from MFSR chinook salmon carcasses and we may have an opportunity to collect DNA from otoliths with dried tissue residue on them. Otoliths, scales, and other tissue samples from past work in other laboratories (e.g., NMFS, TRT) may also be available.  

Table 1.  Middle Fork Salmon River tributaries and approximate minimum sample sizes for tissue samples archived by IDFG (Russ Keifer, personal communication, 2002).  Additional samples from 2001 are available, but not yet archived, and samples from other studies may also be available. Two tributaries (Bear Valley and Marsh Creeks) have large samples collected from several years, and present an opportunity to examine patterns of genetic variability through time.

	TRIBUTARY
	Minimum number of available samples

	
	

	Bear Valley Creek
	285

	Big Creek
	55

	Camas Creek
	44

	Loon Creek
	40

	Marsh Creek
	175

	Sulphur Creek
	35

	
	

	Total
	635


Task 2. Collect additional tissue samples in 2002.

The escapement of chinook salmon returning to the MFSR in 2001 was the largest since 1988. In 2001, IDFG, Tribal, and RMRS crews collected substantial numbers of tissue samples from carcasses encountered during redd surveys. Although the predicted escapement of indigenous fish in 2002 is forecast to be about 50% of 2001, such a return would provide ample opportunity to collect additional tissue samples. RMRS crews will be conducting fieldwork for BPA Projects #199902000 and #28001 in many of the MFSR tributaries and crews will be trained to collect additional tissue samples from carcasses. We will also coordinate with all state, federal, and tribal biologists working in the basin to ensure tissue collections are coordinated and conducted as efficiently as possible.

Task 3. Determine the optimal set of microsatellite primers, and conduct laboratory assays of genetic variability.  Laboratory work (e.g., DNA extraction and PCR protocols; fragment analysis) for this project will be conducted in coordination with the Nevada Genomics Center (http://www.ag.unr.edu/Genomics/), which has full state-of-the-art capability to support genetic laboratory analysis.

Objective 2. Analyze patterns of molecular genetic variation across spatial and temporal axes using standard and new maximum-likelihood methods to define patterns of population structure and dispersal (gene flow).

Most indirect (genetic) studies of population structure have been based on measurements of FST (see Bossart and Prowell 1998).  When FST analyses are organized in a hierarchical manner (Yang 1998), population structure can be studied at increments of increasing spatial scale, ranging from structure within and among streams, to among basins, to across an entire metapopulation (e.g., Neville et al., in prep; Garant 2000; Angers and Bernatchez 1998).  Comparison of FST values among pairs of samples can also add resolution to genetic structure, highlighting the behavior of specific samples or populations (Bossart and Prowell 1998).

When interpreted properly, FST analyses offer an important first step for evaluating genetic structure.   One of the most common goals in using FST t-based analyses has been to quantify levels of gene flow among populations (Bossart and Prowell 1998; Balloux and Lugon-Moulin 2001).  However, the ability to calculate the effective number of migrants from FST is based on several strong assumptions, such as equilibrium between drift and migration, uniformity in population sizes, and equal rates of migration among all populations.  It is likely that most natural populations do not fit these assumptions  but are characterized by source-sink dynamics, barriers affecting movement among some populations but not others, and imbalances between drift and migration due to recent founder events or populations bottlenecks.  Such factors can lead to incorrect conclusions if differences in FST values are attributed solely to gene flow (Whitlock and McCauley 1999; Bossart and Prowell 1998).  The progressive approach of using demographic data to guide interpretations of genetic patterns (see Peacock and Ray 2001) will improve the accuracy of FST-based analyses.

In addition, many new analyses have recently become available that help sort out populations’ history and improve the resolution of inferences based on genetic data (Bossart and Prowell 1998; Waser and Strobeck 1998; Hedrick 1999; Neigel 1997.  One new program called MIGRATE (Beerli 1997) maximizes the information in microsatellites by evaluating the genealogical relationships among alleles and using a maximum likelihood coalescence approach to estimating migration.  This program can deal with non-equilibrium dynamics, populations of different sizes, and can even reveal variable dispersal rates among populations (Beerli 1997; Beerli and Felsenstein 1999).  Neville Arsenault and Peacock have ongoing collaborations with P. Beerli, the developer of this package.  Using MIGRATE and other new analyses, they have uncovered fine-scale genetic structure involving differential dispersal rates among local populations and potential life-history segregation in a metapopulation of Lahontan cutthroat trout (Neville Arsenault et al., in prep). 

Largely due to logistical and financial constraints, most studies of population genetic structure base analyses on genetic samples collected at one period in time (i.e., one spawning season).  Generally, results from this temporal snap-shot are used to evaluate levels of differentiation and gene flow, and conclusions are then often extended to support or refute hypotheses regarding various ecological or evolutionary processes.  Such an approach relies heavily on the assumption that genetic structure is stable over time, so that a single-year study can be used to draw general conclusions about the dynamics of a set of populations.  However, due to the random nature of genetic drift, genetic structure may in fact vary over time (Waples 1998).  Salmonids in particular are likely strongly influenced by drift (Waples et al. 2001), and thus understanding the importance of temporal fluctuations in allelic frequencies relative to spatial genetic structure may be especially important for this taxon.  Additionally, temporal variation in allelic frequencies may play a crucial role in evolutionary processes such as population differentiation and speciation (Bossart and Prowell 1998; Slatkin 1987; Hossaert-McKey et al. 1996), and thus is an essential factor to incorporate in efforts to conserve biological diversity.  Despite its potential importance both from an evolutionary perspective and for accurate estimation of spatial genetic structure, temporal stability is often assumed implicitly and thus ignored or, when evaluated, is rarely characterized over the time span of generations (Garant et al. 2000; Heath et al. 2002; Tessier and Bernatchez 1999).  Here we have a rare opportunity to investigate genetic structure across spatial and temporal axes using samples that span the generational time of chinook salmon.

Tasks and methods

Task 1. Assemble the database and conduct standard analysis of patterns of genetic variation.

We will conduct standard data analysis of hierarchical patterns of genetic variation (Weir and Cockerham 1984; Excoffier et al. 1992; Weir 1996) using the program ARLEQUIN version 2.000 (http://lgb.unige.ch//arlequin) to partition the genetic variance among various factors (e.g., spawning sites, tributaries, basins, sample years).  We will perform analyses using both variance in allelic frequencies (Fst; Weir and Cockerham 1984) and in allelic length ((ST; Michalakis and Excoffier 1996) to give insight into the processes (mutation versus drift) that affect genetic structure (Bernatchez and Martin 1996). For a subset of data (i.e., where we have large samples across several years), we will test for temporal stability of allele frequencies and the stability of genetic spatial structure through time.  

Task 2. Explore alternative data analysis approaches

We will use the program MIGRATE as an alternative maximum likelihood approach to estimating migration rates and genetic structuring.  MIGRATE will be used to investigate differences in dispersal rates between sets of populations, for example to uncover potential source-sink dynamics that may be suggested by demographic data or other genetic analyses.   The large computing requirements for MIGRATE make it difficult to conduct analyses on standard personal computers.   As described above, we will build on our existing experience in applying this method and make use of computing facilities at the University of Nevada constructed specifically for this purpose.  

Objective 3. Apply new analytical methods to evaluate possible population bottlenecks (severe reductions in population size leading to loss of genetic variation) within populations.

Dramatic changes in population size can lead to loss of genetic diversity within populations (e.g., Rieman and Allendorf 2001; Leberg 1992).  These changes include reductions in population size (population bottlenecks), and founder events that occur if populations are established through colonization (or recolonization) by a limited number of individuals.  Indeed, founder effects are thought to have had strong impacts on the genetic structure of salmonid fishes, including sockeye salmon (Adkison 1995) and brown trout (Hansen and Mensberg 1998), and other fishes (e.g., Dunham and Minckley 1998).  Population bottlenecks can cause populations to lose genetic variability, and alleles are lost faster than heterozygosity.  Therefore, diagnosis of local populations that have experienced relatively recent founder events or bottlenecks should be possible using patterns of within-population allelic variation and heterozygosity (Cornuet and Luikart 1996; Luikart and Cornuet 1998; Garza and Williamson 2001).  Recent analytical packages such as Bottleneck (Piry et al. 1997; Cornuet and Luikart 1996) allow detection of significant numbers of loci with excesses in heterozygosity (compared to that calculated from the number of alleles assuming equilibrium) indicating bottlenecks.  Bottleneck allows exploration of various mutation models (i.e., infinite allele, stepwise mutation, or two-phase model) depending on the character of the microsatellite loci used, and has high power for detecting bottlenecks with few loci (Cornuet and Luikart 1996).  Genetic detection of population bottlenecks (based on demographic data) has been successful in butterflies (Brookes et al. 1997), mosquitofish (Spencer et al. 2000), bull trout (Taylor et al. 2001), cutthroat trout (Neville et al., unpublished data) and many other taxa (Garza and Williamson 2001).  

Tasks and methods

Task 1. Test for equilibrium of genotype frequencies
Use standard tests for equilibrium of genotype frequencies (e.g., Hardy-Weinberg).  Hardy-Weinberg tests can identify problems such as samples from an assumed true population that actually consists of individuals from different populations (e.g., a deficiency of heterozygote genotypes: Wahlund effect) or recent hybridization/gene flow leading to an excess of heterozygote genotypes, and a variety of other possible “non-equilibrium” conditions (Hartl and Clark 1997).

Task 2. Identify possible recent founder events or bottlenecks
Apply new methods and software to identify possible recent founder events or bottlenecks using microsatellite data.  The software to be used is “Bottleneck” (http://www.ensam.inra.fr/URLB/bottleneck/bottleneck.html).  

Objective 4. Explore new applications of genetic assignment tests for analysis of dispersal among populations, and to identify individuals of unknown origin.

An interesting new technique for estimating the degree of differentiation among populations, and with potential for identifying recent migrants and their source populations is the ‘assignment test’ (Paetkau et al. 1995; Waser and Strobeck 1998; Hedrick 1999; Davies et al. 1999).  The assignment test calculates the expected frequency of an individual’s genotype in each of the populations at hand and assigns the individual to the population with the highest expected frequency for that genotype.  Using the assignment test it is possible to infer migration events from ‘misassigned’ individuals, individuals for which the most likely population of origin is not the population in which they were found (Waser and Strobeck 1998).  The assignment test is robust even where levels of differentiation among source populations are low such as in recently founded populations (Rannala and Mountain 1997; Davies et al. 1999).  Thus, the test offers a new opportunity to infer patterns of dispersal among populations based on individual genotypes as opposed to allelic frequencies to (Hedrick 1999; Bernatchez and Duchesne 2000; Balloux and Lugon-Moulin 2001).   Recently modified assignment tests are able to deal statistically with several sources of error (e.g., in estimation of allelic frequencies and that due to variation in genetic diversity among populations), enabling quantification of statistical significance of results (Rannala and Mountain 1997; Davies et al. 1999).  In addition, though the assignment test makes the standard assumption of linkage equilibrium among loci (which can be validated easily using standard statistical packages), it circumvents the assumption of equilibrium in population dynamics (Davies et al. 1999), making it a particularly useful tool for understanding genetic structure and dispersal in salmonids.

The assignment test has been used to determine populations or runs of origin in salmonids (Nielsen et al. 1997; Hansen et al. 2000; Knutsen et al. 2001; Estoup et al. 1998; Neraas and Spruell 2001; Neville et al. unpublished data) including chinook (Banks et al. 1996), and in polar bears (Paetkau et al. 1995), shore birds (Haig et al. 1997) and hyraxes (Gerlach and Hoeck 2001) among other taxa.  
Tasks and methods

Task 1. Identify recent migrants and their source populations

Apply new methods and software for identifying recent migrants and their source populations from microsatellite data (Paetkau et al. 1995; Waser and Strobeck 1998; Hedrick 1999; Davies et al. 1999).  Use the assignment test to evaluate relative levels of dispersal among populations (Waser and Strobeck 1998).

Objective 5. Integrate results from demographic, ecological, and genetic analysis to describe population structure and to draw inferences about metapopulation dynamics. Spatial and temporal synchrony of population fluctuations can signify the importance of correlated environmental influences or the influence of dispersal (“straying”) among populations (e.g., Rieman and McIntyre 1993; Rieman and Dunham 2000).  Even with a detailed analysis of potentially correlated environmental influences, it is difficult to identify unequivocally environmental versus demographic influences on population dynamics.  Addition of genetic evidence for dispersal or migration can therefore provide very useful information for discerning these alternatives.  For example, are populations that appear to be demographically unique also genetically unique?  Can demographic information substitute for genetic information or vice-versa?  Are the patterns revealed by either source of information in agreement or in conflict?  As highlighted above, it is important to understand the complementary utility of genetic and demographic data for understanding population structuring and dynamics (Utter et al. 1993).  

Tasks and methods

Task 1. Integrate demographic, ecological, and molecular genetic analysis. 

Compare results of research on demographic spatial and temporal patterns to patterns revealed by molecular (microsatellite) markers.  Examine concordance among the datasets (e.g., address the questions posed in the Objective description) in both space and time.

Tasks and Methods  (see above below each Objective)

f. Facilities and equipment
The RMRS Aquatic Sciences Laboratory has a full complement of computers, software, and technical statistical assistance available (http://www.fs.fed.us/rm/boise/fish/fisheries.htm).  The research environment at the RMRS is very interactive, and we have a long history of collaboration with scientists and managers from other agencies and academic institutions to accomplish research projects on a variety of topics in aquatic ecology and conservation.

Genetic analyses will be subcontracted to the Biological Resources Research Center (BRRC) at the University of Nevada-Reno. The BRRC supports a full time staff of scientists and technicians dedicated to conservation-oriented research.  The BRRC is closely affiliated with the Department of Biology, and has full office, computer, library, and GIS facilities.  The University of Nevada-Reno also houses a state-of-the art Genomics Center that provides full laboratory support for genetics research.  Sequencing and fragment analysis are performed on a 96 capillary Applied Biosystems ABI Prism 3700 DNA Analyzer. Other equipment in the facility includes a Qiagen 3000 BioRobot liquid handling system for automation of extraction procedures.
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Section 4. Key personnel

Russ Thurow

Russell F. Thurow is a Fisheries Research Scientist with the U.S. Forest Service, Rocky Mountain Research Station in Boise, Idaho. He serves as a member of a team of scientists investigating fish population dynamics, habitat relationships, and factors influencing persistence. The mission of the team is to provide new information and techniques for understanding, conserving, and restoring fish populations and critical habitats in the Intermountain West. He has extensive experience with anadromous salmonids and is the principal investigator for BPA Projects #199902000 “Analyze the Persistence and Spatial Dynamics of Snake River Chinook Salmon” and #28001 “Evaluate Factors Influencing Bias and Precision of Chinook Salmon Redd Counts”. He has more than 25 years of experience working with chinook salmon and is intimately familiar with the study area and spawning ecology of its chinook salmon.
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Jason Dunham

Jason Dunham is a Fisheries Research Scientist with the U.S. Forest Service, Rocky Mountain Research Station in Boise, Idaho. He serves as a member of a team of scientists investigating fish population dynamics, habitat relationships, and factors influencing persistence. The mission of the team is to provide new information and techniques for understanding, conserving, and restoring fish populations and critical habitats in the Intermountain West. He has extensive experience with salmonids and other species (see http://www.fs.fed.us/rm/boise).

Education:

B.S. in Zoology, Oregon State University, 1987

M.S. in Zoology, Arizona State University, 1995

Ph.D. in Ecology, Evolution, and Conservation Biology, University of Nevada, 1997
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Dan Isaak

Daniel J. Isaak is a postdoctoral fellow with a joint appointment at the University of Idaho and the RMRS. In his current position Dr. Isaak provides assistance with projects designed to better understand the dynamics of chinook salmon populations in the MFSR. The first project involves an evaluation of the effects that the spatial structure of spawning habitats has on occurrence, persistence, extinction, and colonization of chinook salmon populations. The second project is exploring relationships between the location and size of spawning patches and broadscale geomorphic and landscape attributes of watersheds. Previously, Dr. Isaak worked for the Wyoming Cooperative Fish & Wildlife Research Unit on a conservation assessment for three species of native fish found on the Black Hills National Forest. Qualifications for the proposed research include a strong statistical background, previously publishing a manuscript that addressed issues of accuracy and precision for stream habitat measurements, and involvement with other research in the MFSR that provides a familiarity with the study area and redd count surveys.

Education:
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