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a. Abstract

The goal of this proposed study is to assess the status of resident fish species and the biotic integrity of the resident fish assemblage in Bonneville Reservoir, a stated information need in the Bonneville Reservoir Subbasin Summary of the Columbia Gorge Provincial Review.  The proposed project will produce data that will establish a baseline from which, the effects of hydroelectric operations and watershed activities that influence mainstem river conditions on the resident fish assemblage in Bonneville Reservoir can be evaluated.  Study objectives are to: (1) develop standardized protocols and a statistically valid sampling design (duration 2001), (2) implement and evaluate the protocols and sampling design (duration 2001-2004), (3) analyze resident fish survey data and report relative abundance and population characteristics of resident fish species in Bonneville Reservoir (2001-2005), and (4) formulate reference conditions for the resident fish assemblage in Bonneville Reservoir, identify candidate Index of Biotic Integrity metrics, examine the statistical properties and sensitivity of the individual IBI metrics and composite IBI score, relate the individual IBI metrics and composite IBI score to habitat conditions in Bonneville Reservoir, and prepare manuscripts for publication in peer-reviewed journals (2001-2005).  Since information regarding the selectivity of sampling gears in capturing most resident fish species found in the Columbia River Basin is lacking, sampling gears will be chosen, fished in appropriate habitats, and experimentally evaluated during the first year of the study.  A stratified random sampling design will be implemented by stratifying the reservoirs by enduring geomorphic features representing important fish habitat types (e.g., main channel, backwater, rip-rap shoreline, other shoreline types, confluence of tributaries with the mainstem, gradient, etc.).  Collection sites will be randomly selected within strata using a geographic information system.  After the first year of the study is completed, information will be compiled and used to refine our sampling plan.

b. Technical and/or scientific background

The study we propose will provide a basis for determining the effects of mitigative actions, whether specifically designed to aid anadromous or resident fishes, on the resident fish assemblage in Bonneville Reservoir.  Determining the status of resident fishes in the Columbia River Basin is the first step toward identifying and prioritizing the restoration activities recommended in section 10 of the Northwest Power Planning Council’s (NWPPC) Fish and Wildlife Program.  Native fish assemblages in the Columbia River Basin have been affected by a combination of species introductions and extensive habitat degradation following hydroelectric development in the basin (Li et al. 1987; ISG 1996, ISG 2000).  The construction and operation of hydroelectric dams in the basin have resulted in a loss of highly productive riverine habitat, altered temperature and discharge patterns (Quinn and Adams 1996, Coutant 1999), continual export of very fine organic matter and dissolved nutrients, simplification of the channel, and loss of floodplain inundation (ISG 2000).  These and other anthropogenic disturbances have allowed non-native fishes, such as American shad Alosa sapidissima, smallmouth bass Micropterus dolomieui, and walleye Stizostedion vitreum to establish robust populations (Beamesderfer and Rieman 1991) and resulted in a loss of native biodiversity and biotic integrity (Li et al.1987, ISG 2000).  Approximately 60% of the native fish species in the basin are resident in the Columbia and Snake rivers (Li et al. 1987).

The NWPPC’s Fish and Wildlife Program recognizes the need to ensure that biodiversity is maintained within the basin to protect the integrity and sustainability of ecosystems (section 7.1) and to conserve the genetic diversity of resident native fish (section 10.2B).  However, the status of the native fish fauna (particularly non-salmonid species) and consequently the structure and genetic diversity of resident fish assemblages, remains largely unknown.  Notable exceptions to this are the northern pikeminnow Ptychocheilus oregonensis that are major predators on juvenile salmonids and support a large fishery (Rieman et al. 1991, Beamesderfer et al. 1996), and white sturgeon Acipenser transmontanus that support important commercial, tribal, and recreational fisheries (Miller et al. 1995, Beamesderfer et al. 1995). In a recent review of the NWPPCs Fish and Wildlife Program, the Independent Scientific Review Panel (ISRP) noted that measures in Section 10 imply a logical sequence beginning with an evaluation of the status of resident fish populations (ISRP 1997, p. 29).  The ISRP specifically recommend that the NWPPC require a systematic basin-wide inventory of remaining native resident fish populations so that restoration opportunities can be identified and prioritized.

The Independent Science Group (ISG) has stated that returning the Columbia River to a more normative state is necessary to restore Columbia River salmonids (ISG 2000).  However, to document trends towards, or away from a normative ecosystem, baseline conditions must be established.  This proposed project will provide baseline information on the relative abundance of resident fishes in Bonneville Reservoir and will also provide information for identifying degradations and improvements in the biological integrity of the resident fish assemblage.  The Fish and Wildlife program recognizes the need to explore methods to assess trends in system health (section 2.1A.1).  Resident fish assemblages are routinely sampled in other regions to monitor changes in ecosystem quality over time and to assess responses of fish assemblages to management and other human activities (Fausch et al. 1984, Angermeir and Karr 1986, Hughes and Gammon 1987, Fausch et al. 1990, Lyons et al. 1996).  The most common approach to this type of monitoring involves the use of multi-metric indices collectively known as the index of biotic integrity (Fausch et al. 1990).

Accurately assessing biological integrity requires an assessment of parameters that integrate biotic responses by examining patterns and processes from individual to ecosystem levels.  Past approaches have focused on a limited number of parameters that are hypothesized to be responsive to a narrow range of perturbations and conditions.  Parameters typically examined include species distributions, abundance trends, standing crop, and production estimates that are interpreted separately with a summary statement regarding the overall health of the system being examined.  While the parameters often have value at the species level, they often have limited utility in describing overall system health (Karr et al. 1986).  The index of biotic integrity (IBI) proposed by Karr (1981) is a multi-metric index that rates the existing structure, composition, and functional organization of fish assemblages based on expectations from comparable high-quality ecosystems.

Multi-metric approaches to describing ecological conditions rely on a combination of metrics, each of which provides information on a biological attribute that when integrated functions as an overall indicator of biological conditions.  The strength of a multi-metric index is its ability to integrate information from individual, population, community, and ecosystem levels to express, with reference to a desired end condition, the degree of degradation of a species assemblage in a single ecologically based indicator.  Candidate metrics are selected for a particular region based on differences in expected species richness and composition.  Once a reference condition (e.g., pre-disturbance fish assemblage) is established, the expectations for each metric can be determined.  The lack of sufficiently quantitative historical surveys of the native resident fauna in the lower Columbia River may require that expectations of excellent fish assemblages be based on those found in less perturbed areas, such as the Hanford Reach of the Columbia River (Gray and Dauble 1977, Hughes and Gammon 1987, Li et al. 1987).  However, fish assemblage reference conditions may also be based on pre-Columbian stream habitats, ichthyofaunal conditions, and regional fish species pools (Hughes 1995).  In their most recent version of the document “Return to the River” (ISG 2000), the ISG state that “the normative ecosystem is not a static target or a single unique state of the river, rather it is a continuum of conditions from slightly better than the current state of the river at one end of the continuum to relatively pristine at the other end.”  If the expectations of “excellent” fish assemblages were based on pre-Columbian stream habitats (e.g., Figure 1) as in Hughes et al. (1998), progress towards established goals along the continuum could be determined.
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Figure 1.  Map of Bonneville Reservoir with color-coded water depth contours.  The inset shows the Columbia River shoreline prior to closure of Bonneville Dam.  The pre-impoundment shoreline is from a USGS 1:100,000 map of the shoreline from 1931.  Data for the map are from a GIS containing various information on habitats within the reservoir.
The Index of Biotic Integrity has statistical properties that will allow an assessment of progress towards a normative fish assemblage in Bonneville Reservoir, or other reservoirs.  In a review of the statistical properties of the IBI, Fore et al. (1994) concluded that the IBI was an effective monitoring tool that can be used to convey quantitative assessments in a legal or regulatory context based on confidence intervals or hypothesis testing procedures.  Similarly, Hughes et al. (1998) conducted a power analysis and found that the IBI detected an 8% change in mean IBI scores in 1 year and a 2% per year trend in 5 years.  This index has been modified and used successfully in many different types of lotic systems throughout North America and more recently in Europe and Asia (Fausch et al. 1984, 1990; Miller et al. 1988; Lyons et al. 1996; Simon and Lyons 1995).  Statistics, such as ANOVA and regression can be used to test for differences in the index and assess relationships between the index and various parameters, while the individual index metric scores are maintained to provide information.

Developing standardized sampling protocols will facilitate efficient data collection and allow spatial and temporal comparisons between surveys.  Since no previous studies have attempted to characterize the fish assemblage in Bonneville Reservoir, existing data are from disparate studies, collected with disparate sampling gears deployed during disparate times of the year, and fished in locations specifically chosen to capture the species of interest.  Thus, duplicating the methodologies of these studies to assess trends in relative abundance, population structure, or fish assemblage integrity would be virtually impossible and extremely inefficient.  Conversely, we feel that the methodologies we propose will alleviate most of these logistic and analytic difficulties through the standardization of gears and methodologies.  Information regarding the selectivity of sampling gears in capturing most native resident fish species found in the Columbia River Basin is lacking.  When surveys are conducted to characterize fish assemblages, the best method to assess the relative abundance of each fish species is the one that samples the largest number of specimens and captures species in proportion to their abundance in the sampled area (Guetreuter et al. 1995).  Since no single method routinely satisfies both criteria due to gear- and location-related biases, efficiently and accurately assessing the relative abundance of resident fish and resident fish assemblage structure in Bonneville Reservoir will involve the selection and evaluation of several gears prior to conducting the surveys (Guetreuter et al. 1995, Hayes et al. 1996, Hubert 1996, Willis and Murphy 1996).  Further, the use of standardized sampling devices and development of strict sampling protocols will reduce the variation between samples and increase our ability to detect changes in relative abundance and fish assemblage structure (Fisheries Techniques Standardization Committee 1992).  Such a multigear approach has been strongly recommended for collecting a representative sample of fish assemblages (Lundberg and McDade, 1990).

The quality or appropriateness of the sampling plan (Brown and Austin 1996) largely determines the value of sampling data.  The formation of a statistically valid sampling design increases the utility of surveys of resident fishes by increasing sampling efficiency, allowing comparisons to future surveys by minimizing data biases, and ensuring key statistical assumptions are met (Green 1979).  A sampling design based on stratified random sampling will allow unbiased design-based estimates of relative abundance and other statistics (Cochran 1977), and will support other model-based hypothesis tests.  Also, stratification can reduce the overall variance of relative abundance estimates and increase the precision of estimated population characteristics.  By ensuring the validity of key statistical assumptions, sample sizes can be estimated for detecting significant differences in certain variables and for detecting trends in population characteristics (Geutreuter 1992, Thompson 1992).  The use of stratified random sampling scheme will also ensure that samples are obtained from the various fish habitat types in Bonneville Reservoir and thus, will promote an accurate representation of the resident fish assemblage.

c. Rationale and significance to Regional Programs

An inventory of resident fish in the mainstem rivers is critical to understanding and evaluating the effects of watershed changes, exotic species invasions, and the manipulations of  conditions intended to increase the survival of anadromous fishes.  Studies in other river systems have shown how restoration efforts in watersheds may influence water quality and fish communities further downstream, and vice versa (Stanford and Ward 1992).  Exotic species, such as American shad, smallmouth bass, and walleye have invaded the Columbia and Snake rivers, possibly displacing resident species and disturbing community relationships.  Impoundment of the Columbia River during the last 60 years has produced changes in the seasonal hydrograph and changes in primary and secondary production (Ebel et al. 1989, ISG 1996), that in turn have changed the physical and biotic environment for native fish species in the river.  Ongoing actions in the mainstem rivers, such as seasonal spill, channel dredging, and shoreline development, continue to alter the habitats and populations of resident species.  Further, the restoration activities in the various subbasins within the Columbia Gorge province will affect mainstem conditions.

The NWPPC’s Fish & Wildlife Program (Section 10.2) implicitly describes the need for a basin-wide inventory of native resident fish populations and their status.  The Report of the Independent Scientific Review Panel (ISRP 1997) specifically recommended that the Council require a basin-wide systematic inventory of remaining native resident fish populations and their status, upon which opportunities for restoration and rebuilding native resident fish populations can be identified and prioritized (Recommendation III.B.13).  The importance of understanding and monitoring community level responses to adaptive management strategies has been further emphasized in a recent NWPPC planning document entitled Development of a Regional Framework for Fish and Wildlife Restoration in the Columbia River Basin, A Proposed Scientific Foundation for the Restoration of Fish and Wildlife in the Columbia River Basin (NWPPC 1998).

The proposed project would lay the groundwork for assessing the status of resident fish species and thus, native resident fish biodiversity and resident fish assemblage strcuture in Bonneville Reservoir.  Once an assessment plan has been rigorously developed (this proposal), resident fish species could be sampled, populations assessed, and trends identified.  These data could be used in evaluations of both local (e.g., hydroelectric operations) and regional projects (e.g., watershed activities that influence mainstem river conditions). 

d. Relationships to other projects 

The mainstem Columbia River is inherently related to the biota and water quality of tributaries that flow into it.  Anadromous salmonids produced in the tributaries, whether migrating juveniles or returning adults, will be subjected to the physical and biological conditions in Bonneville Reservoir.  Further, some resident salmonids contained within the subbasins (e.g., Bull trout Salvelinus confluentus) may occasionally use the mainstem Columbia for foraging or migrating to other tributaries, and resident fishes found in the Bonneville Reservoir may occupy the lower reaches of the tributaries.  Thus, conditions in Bonneville Reservoir will influence the effectiveness of watershed restoration to increase and stabilize salmonid production and native resident fish populations in the subbasins.  Improvements in water quality in streams tributary to Bonneville Reservoir will affect the water quality and biota of the reservoir.  Further, the conditions in Bonneville Reservoir will affect all anadromous salmonids produced upstream of Bonneville Dam, since they will have to migrate through Bonneville Reservoir either as juveniles or adults.  As management actions are taken to return the Columbia River ecosystem to a more normative state the effects of the actions will be reflected by the status of biota resident in the mainstem.  By providing a baseline on the status of the resident fish assemblage in Bonneville Reservoir, trends towards, or away from a more normative condition can be assessed and the efficacy of watershed restoration can be viewed in the context of improved or degraded mainstem conditions.

This proposed project will complement existing information regarding the habitat requirements and other factors affecting the white sturgeon population in Bonneville Reservoir (Project #: 198605000) by providing a biological context to the physical habitat descriptions provided by Parsely and Beckman (1994) and by describing the fish assemblage that white sturgeon are contained within.  White sturgeon live within a complex biological and physical system that, in addition to hydroelectric development, has been drastically altered by introductions of nonnative species (Li et al. 1987).  The current status and population dynamics of native and introduced resident fishes (e.g., common carp Cyprinius carpio, smallmouth bass Micropterus dolomieu, walleye Stizostideon vitreum, etc.) that prey upon (Miller and Beckman 1996) and compete with white sturgeons is unknown.  How the fish assemblage in Bonneville Reservoir responds to management actions that restore historic discharge and water temperature regimes in the mainstem Columbia River and improvements in the water quality of streams tributary to the mainstem will partially determine the effect of these conditions on the white sturgeon population on Bonneville Reservoir.

The proposed project would also provide a means for assessing the impacts of other projects within the Fish and Wildlife program on the native resident fish populations in Bonneville Reservoir.  Criteria established by the Columbia Basin Fish and Wildlife Authoritys Resident Fish Caucus to assess proposed resident fish projects address these potential relationships.  For example, technical criteria # 8 asks whether proposed projects Demonstrate that all reasonable precautions have been taken, based on the best available science, to not adversely affect habitat/populations of native resident and anadromous fish.  Similarly, other criteria ask whether projects significantly affect sustainable and/or ecosystem processes, desirable community diversity, or adversely affect weak but recoverable native fish stocks.  Since the current status and habitat requirements of most native resident fish populations and the diversity of the fish community in the lower Columbia River are unknown, assessing the impacts of current and proposed projects on native resident fish in the lower Columbia River is impossible.  This proposed project would provide information to help managers apply established project evaluation criteria to Fish and Wildlife program projects in the lower Columbia River.

e. Project history
 (for ongoing projects) 

New project

f. Proposal objectives, tasks and methods

Objective 1. Task a. Assess the efficacy of various sampling gears to characterize resident fish populations.
Prior to selecting sampling gears to be evaluated, we will use pertinent literature and  unpublished information from the USGS Columbia River Research Laboratory, Oregon Department of Fish and Wildlife, and Washington Department of Fish and Wildlife to obtain information on the species and size selectivity of various sampling gears commonly used in the basin.  Also, information on gear selectivity are available for many species that have been introduced into the Columbia River (Geutreuter et al. 1995, Hubert 1996).  From these data we will decide which gears will be evaluated (e.g., bottom trawls, mid-water trawls, beach seines, electrofishing, etc.).

To evaluate the selected gears we will conduct sampling in Bonneville Reservoir during 2000 using a stratified random sampling design (see Objective 1, Task c. below). Sampling will be conducted during February-March and August-September.  During these periods, gears suitable for sampling various habitat strata will be fished and their relative selectivity (size and species) will be compared (Yeh 1977, Jensen 1986, Beamesderfer and Rieman 1988, Holland and Peters 1992, Kraft and Johnson 1992, Reynolds 1996).  For example, gears appropriate for sampling near-shore habitats will be fished in representative areas of this habitat type and relative selectivities and efficiencies of these gears will then be compared.  This procedure will be conducted for all habitat strata.  Potential hypotheses to be tested include: Ho:There are no differences in the relative size and species selectivities among different sampling gears fished within specific habitat strata (see Objective 1, task c); Ho:There are no differences in the relative size and species selectivities among different sampling gears fished within specific habitat strata between sampling seasons.  From this evaluation we can determine which combinations of gears will be the least size- and species-selective and potential differences in sampling in the two periods.  Geutreuter et al. (1995) have found that combinations of gears are necessary to adequately characterize the community and population characteristics of fishes in the Mississippi River.

Objective 1. Task b. Develop sampling protocols for collecting and recording survey data.
Developing strict sampling and data recording protocols are necessary to ensure the success of these surveys.  Detailed sampling protocols, data recording procedures, fish processing protocols, and quality assurance and quality control procedures will be developed prior to the surveys (Geutreuter et al. 1995, Geoghegan 1996).  All sampling protocols, datasheets, data descriptions, and other metadata will be archived and made available via the Columbia River Research Laboratory website: (see: http://biology.usgs.gov/wfrc/crrlhome/crrlhome.html) and will be similar to that of our USGS colleagues at the Upper Midwest Environmental Science Center who are conducting similar work on the upper Mississippi River (see: http://www.umesc.usgs.gov/data_library/fisheries/fish_page.html).

Objective 1. Task c.  Develop procedures for implementing a stratified random sampling design to be used in the surveys. 
A stratified random sampling design for the surveys will be implemented by stratifying the reservoirs using enduring geomorphic and physical features that represent important habitat types for fishes (Cochran 1977, Geutreuter 1995).  Potential collection sites will be randomly selected using a geographic information system (GIS) of important habitats.  Geographic Information System databases of river depths, substrates, and shoreline features are available at the USGS Columbia River Research Laboratory (e.g., Figure 2).  Prior to the beginning of the surveys, lists of primary and alternate sample sites will be generated.  Sites will be represented by 50 x 50 m grids in a GIS database that will also contain delineations of the known extent of the sampling strata.  Within each reservoir, grids will be selected at random with uniform probability from each stratum to generate lists of primary collection sites for each gear.  Sampling gears will be deployed independently within strata.  For each primary site, the set of all grids of the stratum within a 1 km radius will be identified, and a second random selection of grids will be made, producing a list of alternate collection sites.
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Figure 2.  Map of Bonneville Reservoir with color-coded water depth contours showing water depths of the reservoir.  Data for the map are from a GIS containing various information on habitats within the reservoir.

Objective 2.  Implement the sampling design and evaluate the sensitivity of sampling intensity to assess the status of resident fish populations.
Using the results obtained from the completion of Objective 1, we will survey the resident fishes in Bonneville Reservoir.  After the completion of the survey conducted during 2001, the sensitivity of our sampling intensity in detecting among-strata and between year differences in relative abundances and length distributions of various species (Geutreuter 1992).  We will incorporate the results of these analyses during 2002.  There are limitations to the meaningful application of sample size estimation procedures in these types of surveys (Geutreuter 1995).  Relative abundance and length distributions will be monitored for all species collected during the surveys.  Consequently, many random variables will be generated for which sample size estimates could be calculated.  A definitive estimation of adequate sample size will therefore involve subjective decisions about which variables are most important. 

Objective 3. Analyze and summarize survey data to determine the relative abundance and population structure of resident fishes in Bonneville Reservoir in a final report.
Estimates of the relative abundances of species collected during the proposed study will be calculated by strata.  Potential hypotheses to be tested include: Ho: There are no differences in the relative abundance of species among habitat strata.  To determine specifically what methodologies (parametric, nonparametric, etc.) will be used to test these hypotheses, initial estimates of variance and a knowledge of the distributional properties of the data will be necessary (Sokal and Rolf 1995).  Population structures will be examined through an evaluation of the size distributions of various species.  The size distributions for each species will be reported. 

Fish assemblage structure in Bonneville Reservoir will be characterized and further examined by strata.  Various multi-variate statistical techniques have been used to delineate quantitatively distinctive associations of species (Gauch et al. 1986, Digby and Kempton 1994).  Appropriate techniques will be identified and used to examine community structure.  Using the classifications of Hughes and Gammon (1987), fish will be categorized by the trophic classification of the adults and their relative tolerance to organic pollution, warm water, and sediment.  Relative abundances of fish in these categories will be reported by strata and reservoir.

Objective 4.  Formulate reference conditions for the resident fish assemblage in Bonneville Reservoir, identify candidate Index of Biotic Integrity metrics, examine the statistical properties and sensitivity of the individual IBI metrics and composite IBI score, relate the individual IBI metrics and composite IBI score to habitat conditions in Bonneville Reservoir. 

The formation of the IBI for Bonneville Reservoir will be conducted in five steps: i) formulation of reference conditions, ii) selection of IBI metrics, iii) analysis of raw metrics, iv) metric standardization and IBI formulation, and v) analysis of relationships between IBI values and habitat conditions (Minns et al 1994).

i) Formulate reference conditions for Bonneville Reservoir.

Following the methods used by Hughes et al (1998) reference conditions will be formulated for Bonneville Reservoir and will either be based on expectations of excellent fish assemblages be based on those found in less perturbed areas, such as the Hanford Reach of the Columbia River (Gray and Dauble 1977, Hughes and Gammon 1987, Li et al. 1987) or on pre-Columbian stream habitats, ichthyofaunal conditions, and regional fish species pools (Hughes 1995) depending on the availability of useable historical information.

ii) Identify candidate IBI metrics.

Candidate metrics will be identified based on a review of metrics used in other regions and reference conditions for Bonneville Reservoir (Minns et al. 1994, Hughes 1995, Hughes et al 1998).  Candidate metrics will identify major aspects of fish assemblage integrity such as taxanomic richness, habitat guilds, trophic guilds, and individual health and abundance (Karr et al. 1986).  At this stage of development, the candidate metrics are essentially hypotheses about how the fish assemblage has responded to disturbance.

iii) Analysis of raw metrics.

For all metrics, cumulative percentage frequency tables will be constructed from the entire database.  We will then evaluate Pearson correlations among all raw metrics and indices to determine redundancy among metrics (Minns et al. 1994, Hughes et al. 1998).  We will also calculate Cronbach’s alpha (Cronbach 1951 in Hughes et al. 1998) and a metric remainder coefficient.  From our evaluation of these statistics will identify metrics that are redundant and those that consistently mask the signal of other metrics and consequently cull the metrics from the final composite IBI.

iv) Metric standardization and IBI formulation
Metrics will be scored on a scale of 1-10 as in Minns et al. (1994).  Upper and lower thresholds for each metric will be determined based on the established reference conditions.  Based on the results of correlation analyses, the metrics retained will then be combined into a composite index score by site, strata, and reservoir.  The composite IBI scores will have a range of 0-100 and will be the sums of the metric scores times 10 and divided by the number of metrics (Minns et al. 1994).  Average scores for each habitat strata will be computed as the mean of all of the IBI scores for sites sampled within a stratum.  A composite IBI score will then be formulated for Bonneville Reservoir by calculating a weighted average of the composite scores for each habitat strata (Sokal and Rohlf 1995, p. 133).  Composite scores for each stratum will be weighted proportional to the percent area of each strata within Bonneville Reservoir.  Metric and IBI variability will be evaluated by three methods (Hughes et al. 1998).  First, we will plot IBI and metric scores obtained from repeat samplings at the same sites against each other in 1:1 plots.  The precision of the metric and IBI scores will then be assessed by the proximity of the points to a 45( line.  The plots will provide a visual means of determining whether the variability was greater for high vs. low IBI scores.  Second, we will use an analysis of variance model to determine the relative contributions of major sources of variance (Fore et al. 1994).  Prior to this evaluation we will test the assumptions of the ANOVA (e.g., unbiased error term, the error terms are mutually uncorrelated among sites, and homogenous variance for all levels of the treatment).  Sources of variance that will be examined will include among-site, year to year, individual site-year interaction, and residual or error variance (variance contributed by measure methods, and crew to crew differences).  Third, we will generate power curves for three (-levels at different power levels and differences in IBI scores.  In particular, we will determine for a power of 0.8 and an (-level of 0.05 the detectable difference in mean IBI scores from one year to the next and the number of years needed to detect a 2% per year trend in mean IBI score.

v.) Analysis of relationships between IBI values and habitat conditions
The responsiveness of the IBI scores to habitat characteristics in Bonneville Reservoir will be examined.  We will apply a principal component analysis (PCA) to pertinent physical habitat (e.g., water depth, substrate type, water velocity, etc.) and water quality data (e.g., water temperature, dissolved oxygen, turbidity, etc.) to express an integrated measure of habitat against which we will evaluate candidate fish metrics and the composite IBI scores (Hughes et al, 1998).  Principal component analysis will also be applied to produce a multi-variate measure of fish assemblage integrity to determine if PCA could discriminate between different degrees of fish assemblage integrity (i.e., can sites with markedly different habitat qualities be distinguished on the graph).

g. Facilities and equipment

The USGS Columbia River Research Laboratory (CRRL) has been conducting research in the Columbia River Basin since 1978.  Approximately 30 research vessels, including electrofishing boats and boats to 26 feet capable of bottom trawling, are routinely deployed throughout the basin to conduct research (see: http://biology.usgs.gov/wfrc/crrlhome/crrlhome.html).  The CRRL has state-of-the-art GIS capabilities and modern office equipment and facilities to support the research conducted by the staff.
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Co-principal investigators (USGS):
James H. Petersen.  0.2 FTE.  Dr. Petersen will assist with the development of the procedures for implementing the stratified random sampling design, analysis of the gear evaluations, analysis of the sensitivity of sampling intensity, and all other statistical analysis of the data collected.

Timothy D. Counihan.  1.0 FTE.  Mr. Counihan will coordinate all project activities and be involved in all aspects of data collection and analysis.

Fish Biologist (WDFW):
John D. DeVore.  0.1 FTE.  Mr. DeVore will provide technical assistance with planning, data collection, and data analysis.

Fish Biologist (ODFW):
David L. Ward.  0.1 FTE.  Mr. Ward will provide technical assistance with planning, data collection, and data analysis.

Resume for:  James H. Petersen
U.S. Geological Survey

Biological Resources Division

Columbia River Research Laboratory

5501-A Cook Underwood Road 

Cook, Washington 98605

Experience
1995-Present
Research Fishery Biologist, U.S. Geological Survey, Biological Resources Division, Columbia River Research Laboratory, Cook, WA.

Current responsibilities: Project leader on research projects in the Wind River Basin (WA) and mainstem Columbia and Snake River projects. 

1994
Acting Director, Columbia River Research Laboratory, USGS, Cook, WA.

1988-93
Research Fishery Biologist, Columbia River Research Laboratory, U.S. Fish and Wildlife Service.

1984-88
Associate Research Curator, Section of Fishes, Natural History Museum of Los Angeles County, Los Angeles, CA.

1983-84
Environmental Scientist, Section of Fishes, Natural History Museum of Los Angeles County.

1977-83
Graduate Teaching Assistant, University of Oregon, Eugene, OR.

Education:


Ph. D., Marine Ecology, University of Oregon, 1983

Rotary Fellowship, University of Queensland, Australia, 1976

B. S., Biology, Boise State University, Idaho, 1975

Expertise: Primary areas of expertise include predator-prey dynamics, population dynamics, bioenergetics, and application of various modeling techniques to fisheries.

Publications and Reports (five most relevant)

Petersen, J.H. and D.L. DeAngelis.  2000.  Dynamics of prey moving through a predator field:a model of migrating juvenile salmon. Mathematical Bioscience 165:97-114.

Petersen, J. H. and D. L. Ward.  1999.  Development and corroboration of a bioenergetics model for northern squawfish feeding on juvenile salmonids in the Columbia River.  Trans. Am. Fish. Soc.

Ward, D. L., J. H. Petersen, and J. J. Loch.  1995.  Index of predation on juvenile salmonids by northern squawfish in the lower and middle Columbia River and in the lower Snake River.  Trans. Am. Fish. Soc.  124:321-334.

Petersen, J.H. and D.M. Gadomski.   1994.  Light-mediated predation by northern squawfish on juvenile salmon.  J. Fish Biol.  45: 227-242.

Petersen, J. H.  1994.  The importance of spatial pattern in estimating predation on juvenile salmonids in the Columbia River.  Trans. Am. Fish. Soc.  123:924-930.

Resume for: Timothy D. Counihan
U.S. Geological Survey

Biological Resources Division

Columbia River Research Laboratory

5501-A Cook Underwood Road 

Cook, Washington 98605

Experience
1993-Present
Research Fishery Biologist, U.S. Geological Survey, Biological Resources Division, Columbia River Research Laboratory, Cook, WA.

Current responsibilities: Evaluating the survival of juvenile spring and fall chinook salmon and steelhead trout through the lower Columbia River using mark-recapture models and radio-telemetry.

1991-92
Fisheries Technician, Idaho Department of Fish and Game, Coeur DAlene, ID.

1989-91
Research Specialist, New Mexico State University, Las Cruces, NM.

Education:


M. S., Wildlife Science, New Mexico State University, 1991

B. S., Biology, Montana State University, 1989

Expertise: Primary areas of expertise include the design of fish and ichthyoplankton surveys, survival assessment using mark-recapture models, white sturgeon ecology, and larval fish ecology.

Publications and Reports (five most relevant)

Counihan, T. D., J. D. DeVore, and M. J. Parsley.  In press.  The effects of river discharge and water temperature on the year-class strength of Columbia River white sturgeon. Transactions of the American Fisheries Society.

Counihan, T. D., and M. J. Parsley.  Provisionally accepted.  Effects of hydropower peaking dam operations on white sturgeon eggs and larvae. North American Journal of Fisheries Management.

Counihan, T. D., A. I. Miller, and M. J. Parsley.  1999.  Indexing the relative abundance of age-0 white sturgeon in an impoundment of the lower Columbia River from highly skewed trawling data. North American Journal of Fisheries Management.

Counihan, T. D., and C. N. Frost.  1999.  Influence of externally attached transmitters on the swimming performance of juvenile white sturgeon. Transactions of the American Fisheries Society.

Counihan, T. D., A. I. Miller, M. G. Mesa, and M. J. Parsely. 1998.  The effects of dissolved gas supersaturation on white sturgeon larvae. Transactions of the American Fisheries Society 127:316-322.

Resume for: David L. Ward
Oregon Department of Fish and Wildlife

17330 S.E. Evelyn Street

Clackamas, OR  97015

Experience
1998-Present
Program Leader for Northwest Region Research Program, Oregon Department of Fish and Wildlife, 17330 S.E. Evelyn St., Clackamas, OR.

Current responsibilities: Coordinate activities of ongoing departmental and interagency projects, identify needs for and develop future projects, provide technical oversight to project leaders, and supervise project leaders and other program staff.  Coordinate and integrate activities of cooperating agencies, hire and supervise staff of project leaders, project biologists, and seasonal workers, design field and laboratory sampling plans, analyze wide variety of biological data, author, edit, and review scientific reports and peer-review articles.

1991-98
Project Leader: Evaluation of the Northern Pikeminnow Management Program, Oregon Department of Fish and Wildlife.

1988-91
Project Leader: Portland Harbor Study, Oregon Department of Fish and Wildlife.

1984-87
Project Biologist and Technician on various studies, Oregon Department of Fish and Wildlife.

Education:


M. S., Fisheries, Humboldt State University, 1985

B. A., Zoology,  Humboldt State University, 1978

Expertise: Primary areas of expertise include predator-prey dynamics, population dynamics of anadromous and resident fish, and the use of methods and gears associated with habitat and fish surveys in streams, rivers, lakes, and reservoirs.

Publications and Reports (five most relevant)

Ward, D. L., and M. P. Zimmerman.  1999.  Response of smallmouth bass to sustained removals of northern pikeminnow in the lower Columbia and Snake rivers.  Transactions of the American Fisheries Society.
Friesen, T. A., and D. L. Ward.  1999.  Management of northern pikeminnow and implications for juvenile salmonid survival in the lower Columbia and Snake rivers. North American Journal of Fisheries Management.

Zimmerman, M. P., and D. L. Ward.  1999.  Index of predation on juvenile salmonids by northern pikeminnow in the lower Columbia river basin from 1994-96.  Transactions of the American Fisheries Society.
Beamesderfer, R. C., D. L. Ward, and A. A. Nigro.  1996.  Evaluation of the biological basis for a predator control program on northern squawfish in the Columbia and Snake rivers. Canadian Journal of Fisheries and Aquatic Sciences 53:2898-2908.

Ward, D. L., J. H. Petersen, and J. J. Loch.  1995.  Index of predation on juvenile salmonids by northern squawfish in the lower and middle Columbia River and in the lower Snake River. Transactions of the American Fisheries Society 124:321-334.
Resume for: John D. DeVore
Washington Department of Fish and Wildlife

 2108 Grand Boulevard

Vancouver, WA 98661
Experience
1989-Present
Fish Biologist 4, Washington Department of Fish and Wildlife, Program Leader and species specialist in charge of the Washington Department of Fish and Wildlifes research and management program for native sturgeon species. 

Current responsibilities:  Plans, directs, and implements multiple programs that collectively assesses productivity of various white sturgeon populations residing within the state of Washington to understand population dynamics, factors limiting productivity, and utilization of critical habitats.  Publishes research results in professional, peer-reviewed journals.  Utilizes research results to design sustainable harvest strategies for various tribal, sport, and commercial fisheries in areas where productivity is sufficiently high and recovery strategies where productivity is critically low.  Coordinates research and management activities with various international, federal, state, tribal, academic, and private entities. 

1986-89
Fish Biologist 2, Washington Department of Fisheries, Implemented the collection and analyses of coded-wire tag and catch and effort data for run reconstruction and run size forecasting of salmon runs in the Columbia River and its Washington tributaries.
1983-85
Fish Biologist 2, Washington Department of Fisheries, Project Leader of the Cowlitz River Salmon Investigation Program.
1982-83
Scientific Technician 2, Washington Department of Fisheries.

Education:


B. S., Cornell University, 1980
Expertise: Primary areas of expertise include fish harvest management, the population dynamics of anadromous and resident fishes, and white sturgeon ecology.

Publications and Reports (five most relevant)

DeVore, J. D., B. L. Parker, R. C. P. Beamesderfer, and T. A. Rien.  In press.  A review of alternatives for the restoration of white sturgeon populations and fisheries in the Columbia River between Bonneville and McNary dams (zone 6).  Washington Department of Fisheries.
DeVore, J. D., B. W.  James, and D. R. Gilliand.  1998.  Effects of mitigative measures on the productivity of white sturgeon populations downstream from McNary Dam and the status and habitat requirements of white sturgeon populations upstream from McNary Dam.  Bonneville Power Administration, Contract DE-A179-86BP63584.
DeVore, J. D., B. W.  James, D. R. Gilliand, B. J. Cady, and M. F. Wail.  1997.  Effects of mitigative measures on the productivity of white sturgeon populations downstream from McNary Dam and the status and habitat requirements of white sturgeon populations upstream from McNary Dam.  Bonneville Power Administration, Contract DE-A179-86BP63584.
DeVore, J. D., B. W.  James, C. A. Tracy, and D. H. Hale.  1995.  Dynamics and potential production of white sturgeon in the unimpounded lower Columbia River.  Transactions of the American Fisheries Society 124:845-856.

DeVore, J. D., and J. T. Grimes.  1993.  Migration and distribution of white sturgeon in the Columbia River downstream from Bonneville Dam and in adjacent marine areas. in R. C. Beamesderfer and A. A. Nigro, editors.  Status and habitat requirements of white sturgeon populations upstream from McNary Dam, volume 2.  Bonneville Power Administration, Contract DE-A179-86BP63584.
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