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a. Abstract 
White sturgeon population sizes and dynamics differ throughout the Columbia River Basin.  In some areas of the upper Columbia River with severely depleted sturgeon populations, spawning has been documented but young-of-the-year fish have not been collected, suggesting that there may be high levels of mortality during larval and/or early juvenile stages.   The cause of this early mortality is unknown, but could be due to a variety of factors.  However, inadequate prey types and quantities have often been cited as a major cause of larval and juvenile fish mortality.  We propose to determine if prey availability in various locations of the Columbia River is affecting larval and juvenile white sturgeon survival and growth potential. Information concerning young-of-the-year white sturgeon feeding dynamics, benthic invertebrate distributions and abundances, and other factors will be incorporated into spatially explicit models. To populate these models, we propose to 1) conduct laboratory experiments investigating the ability of larval and juvenile white sturgeon to withstand food deprivation and to seek prey patches, and 2) determine and compare the availability of prey (benthic invertebrates) in locations of the Columbia River with differing patterns of white sturgeon recruitment.  Application of the models will aid managers in making decisions that enhance white sturgeon recovery efforts in the Columbia River Basin.   Information on reservoir carrying capacities will aid evaluations of factors affecting sturgeon recruitment variability and supply information necessary to optimize hatchery augmentation efforts. 

b. Technical and/or scientific background
The Columbia River and its watershed have been drastically altered by human activities that undoubtedly have influenced population size and recruitment success of many fish species including white sturgeon Acipenser transmontanus. Construction and operation of hydroelectric dams, agriculture, logging, mining, stream channelization, flood control operations, water pollution, and harvest histories have allowed some native and introduced fish species to flourish, while other native species have declined. Fish adapted to riverine conditions, such as white sturgeon, have suffered most. In general, current population trends and sizes can be characterized as stable at a relatively high population size in the lower Columbia River, stable or variable at low to moderate population sizes in middle reaches, and declining at extremely low to negligible population sizes in upper reaches of the basin.  

Some areas where population productivity is high experience inter-annual variations in recruitment, while other areas have low recruitment that precludes harvest opportunities, and some areas have had a virtual lack of recruitment for several decades.  The latter case led to listing the Kootenai River population of white sturgeon as an endangered species by the U.S. Fish and Wildlife Service in 1994 under the Endangered Species Act.  Fishery management responses to declines in white sturgeon populations have generally been to protect spawning stocks by restricting harvest through minimum and maximum size limits, imposing daily and annual harvest limits, and closing seasons and areas.  This management approach of protecting spawning stock to maintain production has been relatively successful in the lower Columbia River as evidenced by the maintenance of harvest opportunities. However, populations are still declining in other areas of the Columbia River Basin despite decades of restrictions on harvest that have included catch and release fishing only or complete elimination of fishing for white sturgeon.  Thus, environmental effects on stock-recruitment relations for white sturgeon differ among areas and among years within areas, further confounding management efforts.  

It is particularly important to understand processes affecting white sturgeon survival during the first three months of life, since Counihan et al. (In review) showed that this is when sturgeon year-class-strength is determined.  In some areas of the upper Columbia River with severely depleted sturgeon populations, spawning has been documented but young-of-the-year fish have not been collected, suggesting that there may be high levels of mortality during larval and/or early juvenile stages. The cause of this early mortality is unknown, but could be due to a variety of factors including predation, poor water quality, environmental contaminants, sub-optimal physical conditions (flow, temperature, substrate), poor maternal contribution to embryo quality, and inadequate larval and juvenile sturgeon nutrition.

The long-term goal of the proposed project is to determine if prey availability in various locations of the Columbia River is affecting white sturgeon larval and juvenile survival and growth potential. We propose incorporating information concerning young-of-the-year white sturgeon feeding dynamics, benthic invertebrate distributions and abundances, and other factors into spatially explicit models that can be applied to areas with different habitat conditions. These models could be manipulated to investigate how changing physical parameters due to dam operations, for example, might affect sturgeon growth potential.  Application of the model will aid managers in making decisions that enhance white sturgeon recovery efforts in the Columbia River Basin.   Results will allow an evaluation of some factors possibly affecting sturgeon recruitment in this area, such as prey availability.  Information on reservoir carrying capacities will aid evaluations necessary for hatchery augmentation and the current “trawl and haul” program, in which sturgeon juveniles are moved from the lower river to upriver reservoirs with lower densities.

Specifically, our objectives are to:

(1) Determine the ability of larval and juvenile white sturgeon to withstand food deprivation and to seek prey patches.

(2) Determine if prey availability differs among areas with differing patterns of recruitment of white sturgeon.  

(3) Compare and contrast the capability of selected river reaches to support white sturgeon by developing spatially explicit models of growth potential for larval and juvenile white sturgeon. 

Feeding dynamics

Mortality of larval fishes is often greatest during the transition from endogenous to exogenous food, which is considered a “critical period”. Starvation has often been cited as a major cause of larval and juvenile fish mortality  (Hunter 1981; Houde 1987).   However, it is unknown if white sturgeon larvae in the Columbia River experience high mortality due to starvation.  In the Columbia River, white sturgeon spawn primarily below dams in areas with cobble, boulder, and bedrock substrates and swift currents (mean water column velocity, 0.8-2.8 m/s; Parsley et al. 1993).  Newly-hatched larvae are transported from spawning sites to deeper areas with lower water velocities and fine substrates.  In order to survive at first-feeding and later stages, young-of-the-year rearing sites must have adequate types and quantities of prey.   Nothing is known about the ability of white sturgeon larvae and juveniles to withstand food deprivation.  For many fishes, adequate concentrations of an appropriate food must be available or first-feeding larvae may die of starvation in several days, or reach a stage of physical deterioration where they cannot recover even if food is available, referred to as “irreversible starvation” (May 1974;  McGurk 1984).  Older larvae and juveniles are also susceptible to periods of food deprivation, but the ability to withstand starvation generally increases with size increase (Gadomski and Petersen 1988;  Johnston and Mathias 1996).   However, even if mortality does not occur from inadequate food quantities or types, weakened or smaller fish are more susceptible to mortality from disease and predation (Jonas and Wahl 1998).

It is unknown if white sturgeon larvae and juveniles seek food patches, or if river currents opportunely transport them to prey sources. Sturgeons feed using olfactory and tactile senses. Kasumyan and Kazhlayev (1993) found that three species of sturgeons that occur in Russia developed the ability to react to extracts of food immediately after switching to exogenous feeding.   Sturgeon juveniles in the laboratory have been observed to swim more actively and be in the water column more frequently when food is limited (D. Gadomski, USGS, Personnel Observation).   Active swimming would obviously aid in prey searching, but moving off the substrate would also allow downriver current transport to perhaps more productive areas.

White sturgeon diets and prey availability

There is some information on diets of white sturgeon larvae and juveniles in the lower Columbia River.  Muir et al. (2000) examined the diet composition of white sturgeon 15-290 mm in length collected below Bonneville Dam and in Bonneville and The Dalles reservoirs, all of which are locations in which recruitment occurs.  The most abundant prey ingested by fish of all size classes was the gammarid amphipod Corophium spp.  First-feeding larvae also ingested significant numbers of copepods, Ceratopogonidae larvae, and Diptera pupae and larvae.  Fish had a small percentage of empty stomachs (<5%), likely indicating good feeding conditions, although starving fish may have died before collection.  McCabe et al. (1993) also examined guts of juvenile white sturgeon (144-350 mm fork length) in the lower Columbia River, and found Corophium salmonis to be the most important prey ingested, with Corbicula fluminea, a freshwater clam, second in abundance.   However, they additionally sampled benthic invertebrates and determined that Corophium salmonis was not abundant in the benthos. Furthermore, there was a poor relationship between white sturgeon densities and densities of these two prey types.  McCabe et al. (1993) suggested that white sturgeon may be feeding on Corophium spp. in the drift, moving to other areas with higher prey densities to feed (such as shallow waters), or perhaps more efficiently feeding on these two prey types. 

Diets of larval and juvenile white sturgeon and benthic invertebrate populations have not been examined in other Columbia or Snake river reservoirs.  However, it is likely that prey types and densities may differ because of differing substrates and other habitat conditions.  In particular, Corophium spp. are typically estuarine, and it has been suggested that they are only established in navigable waters of the Columbia and Snake rivers.  Corroborating this, Corophium spp. have been found in stomachs of juvenile salmon collected as far upstream of the Snake River as Lower Granite Dam (Muir and Coley 1996). In the upper Columbia River, M. Parsley (Principle Investigator) reported Corophium spp. were not observed during sampling for juvenile white sturgeon, although this has not been directly examined.   If white sturgeon larvae and juveniles are selectively feeding on Corophium spp., this may be a major factor contributing to recruitment failure in these areas if alternate prey are not available.  

Comparisons of the availability of prey among areas of the Columbia River with differing white sturgeon recruitment may provide insight into recruitment dynamics.  Knowledge of prey availability is necessary to determine growth potential and carrying capacities in Columbia River reservoirs.  However, there is little information concerning benthic invertebrates in the Columbia River Basin. McCabe et al. (1997, 1998)  examined benthic invertebrates in the lower Columbia River (below Bonneville Dam), and found the most common taxa to be Corbicula fluminea, Corophium spp., and Ceratopogonidae (Diptera) larvae.  Gilbreath et al.  (2000) sampled benthic invertebrates in the upper John Day Reservoir.  Dominant taxa were oligochaetes, chironomids, nematodes, and Corophium spp.  Other areas of the basin have not been examined, but may differ significantly from these findings since benthic invertebrate communities vary both spatially and temporally in response to environmental factors such as substrate, discharge, temperature, turbidity, nutrients, vegetation, altitude, and latitude (Reece and Richardson 2000).  

Model development

Information on the ability of river reaches to support production of white sturgeon is needed to assist with decisions regarding expected yield from managed fisheries.   This information would also aid in setting population goals for areas where augmentation of white sturgeon is expected to occur either through translocation or hatchery releases.  In the Columbia River Basin, more emphasis is being placed on fishery managers to predict the possible consequences of their actions.  Bioenergetics modeling permits prediction of production, and when coupled with known spatial patterning of the environment, this approach can be used to directly assess spatial patterns of fish growth rate potential. Comparing growth rate potential across individual river reaches should identify locations where production can be maximized.   

Spatially explicit models of fish growth rate potential can be used in the comparison of heterogeneous riverine and reservoir habitats. Physical and biological processes in these areas may occur at relatively small spatial scales, but can substantially affect population processes and production.  Spatial models of Salmonine growth rates in Lake Ontario (Goyke and Brandt 1993) and striped bass Morone saxatilis growth potential in Chesapeake Bay (Brandt and Kirsch 1993) provided insight on how prey patchiness, predator physiology, and physical dynamics influence fish growth and production.  Goyke and Brandt (1993) contend that spatially explicit bioenergetics models are useful tools to examine habitat use, predator-prey interactions, and ecosystem production in complex aquatic environments.  

We will develop spatially explicit models of white sturgeon growth rate potential for river reaches with differing levels of recruitment.  Comparing and contrasting growth rate potential among areas that currently support white sturgeon populations and areas that are targeted to receive additional juvenile white sturgeon either through translocation or supplementation with hatchery fish will provide valuable feedback to fishery managers.  We would start with a model similar to that developed by Brandt and Kirsch (1993).  Their basic approach was to divide a heterogeneous habitat into homogeneous cells.  Each cell has specific habitat conditions, and foraging and bioenergetics models are run within individual cells.   Necessary input includes prey density, prey size, and water temperature.  The foraging model relates prey density to prey availability.  Consumption rate is a function of encounter rate, which depends on factors such as predator and prey swimming speeds and reaction distances. A bioenergetics model developed by Kitchell et al. (1977) uses species-specific physiological estimates of consumption, growth, respiration, egestion, and excretion.  

Factors from other models will be incorporated as necessary.  For example, DeAngelis et al. (1993), used an individual-based model to simulate growth and survival of an age-0 cohort of smallmouth bass Micropterus dolomieu.  Some key parameters of this model include prey availability and starvation effects.  Other important models to consider have already addressed predator-prey dynamics in Columbia River reservoirs, and would help in assessing effects of prey patchiness (Petersen and DeAngelis 2000; DeAngelis and Petersen 2001).

The proposed model would complement the simulation study of factors controlling white sturgeon in the Snake River, developed by Jager et al. (2001).  They examined effects of temperature and flow during egg incubation, downstream transport of larvae, juvenile and adult habitat, poor water quality, entrainment, and angling mortality.  They did not address food availability, as our model would emphasize.  

c. Rationale and significance to Regional Programs

This project addresses a number of goals, objectives, and future needs put forth by the various entities charged with managing natural resources and mitigating effects of development of the Federal Columbia River Power System (FCRPS).  This project meets the Goals adopted by the Action Agencies (Bonneville, the Army Corps of Engineers, and the Bureau of Reclamation) in their Five-year Endangered Species Act Implementation Plan for the FCRPS Biological Opinions.  Goal 1 strives to “avoid jeopardy and assist in meeting recovery standards for Columbia Basin salmon, steelhead, bull trout, sturgeon, and other aquatic species that are affected by the FCRPS”. White sturgeon in the mainstem Columbia and Snake rivers are not listed as threatened or endangered.  However, this project will indirectly assist with meeting recovery standards for the listed Kootenai River white sturgeon population by providing insight into potential causes for the lack of natural recruitment in this population, thus indirectly meeting Goal 1.  

Goal 2 of the Implementation Plan calls for the conservation of critical habitats upon which sturgeon, among other listed species, depends.  This project should help identify critical habitats necessary for survival of larval white sturgeon as they begin exogenous feeding. 

By achieving a better understanding of recruitment dynamics, this project should help ensure tribal and non-tribal fishing opportunities where they now occur, thus meeting 

Goal 3 of the Implementation Plan.  In addition, the development of a methodology to investigate growth potential for white sturgeon in isolated river reaches will help identify areas where supplementation has the greatest potential for success to increase harvest opportunities.  

The Action Agencies acknowledged in Goal 4 that recovery efforts for listed species and the need to provide harvest opportunities must be balanced against the needs of unlisted species, power generation, flood control, and other purposes.  The development of a framework for spatially explicit modeling of growth potential will enable managers to weigh water management alternatives that may provide greatest growth potential against other user needs including power generation and flood control.

This project addresses several high priority future needs identified in the comprehensive list of future needs.  While white sturgeon are not included in the NMFS Biological Opinion, this project specifically addresses the following Fish and Wildlife Program needs for immediate implementation:

· Research on how white sturgeon prey quantities and types vary throughout the system, 

· Develop adequate knowledge of the abiotic and biotic factors that influence spawning and cause mortality of embryonic, larval, and juvenile life stages of white sturgeon, 

· Research to understand the factors affecting reproduction and early life history of white sturgeon, 

· Research to understand recruitment variability, particularly the causes of variability or failure in recruitment of white sturgeon to age-0 among areas or among years within an area, and 

· Research whether the current environment provides nutritionally suitable forage in a timely manner and in adequate amounts to sustain production or allow additional production of white sturgeon.  

Specifically, the first objective tests the hypothesis that the availability of prey influences survival of first feeding and older age-0 white sturgeon. This addresses research to develop knowledge of the biotic factors (prey availability) that influence survival during early life history.  The research will provide a better understanding of the causes of variability or failure in recruitment, and address questions about whether or not the current environment provides suitable forage at a critical period.  

The second objective tests the hypothesis that the availability of prey for white sturgeon differs between areas where recruitment typically occurs, such as downstream from Bonneville Dam, and areas where recruitment at significant levels has not occurred for several decades, such as in the mid Columbia River reservoirs or the Kootenai River.  This research on how white sturgeon prey quantities and types vary throughout the system was identified as needing immediate implementation.  

Spatial models of white sturgeon growth rate potential, addressed in the third objective of this proposal, would integrate physical conditions, food availability, and white sturgeon physiology, and thus characterize how well a fish might grow if placed in the altered habitat.  Research on whether the current environment provides nutritionally suitable forage in a timely manner and in adequate amounts to sustain production or allow additional production of white sturgeon was identified as needing immediate implementation by the Action Agencies.  The Bonneville Power Administration is currently funding efforts to boost numbers of juvenile white sturgeon in selected reaches through removal and transport of juveniles among areas (trawl and haul activities) into The Dalles and John Day reservoirs and supplementation with cultured fish into the Kootenai River and Rocky Reach Reservoir.  Juvenile white sturgeon were recently released into the Columbia River upstream from the international border as part of the recovery strategy of the Upper Columbia River White Sturgeon Recovery Initiative. Supplementation is being considered for several middle Snake River reservoirs as well.  This proposal would complement these ongoing projects because calculations of fish growth rate potential under existing biotic and abiotic conditions can provide insight into how well these fish can be expected to grow.  Spatial models of Salmonine growth rates in Lake Ontario (Goyke and Brandt 1993) and striped bass Morone saxatilis growth potential in Chesapeake Bay (Brandt and Kirsch 1993) provided insight on how prey patchiness, predator physiology, and physical dynamics influence fish growth and production.  Goyke and Brandt (1993) contend that spatially explicit bioenergetic models are useful tools to examine habitat use, predator-prey interactions, and ecosystem production in complex aquatic environments.  
This project supports the Fish and Wildlife Program objectives for biological performance related to resident fish losses.  The specific objectives are to: (1) Complete assessments of resident fish losses throughout the basin resulting from the hydrosystem, expressed in terms of the various critical population characteristics of key resident fish species,  (2) Maintain and restore healthy ecosystems and watersheds, which preserve functional links among ecosystem elements to ensure the continued persistence, health and diversity of all species including game fish species, non-game fish species, and other organisms,  (3) Protect and expand habitat and ecosystem functions as the means to significantly increase the abundance, productivity, and life history diversity of resident fish at least to the extent that they have been affected by the development and operation of the hydrosystem, and  (4) Achieve population characteristics of these species within 100 years that, while fluctuating due to natural variability, represent on average full mitigation for losses of resident fish. By addressing factors influencing survival at early life stages, variations in forage among areas, and white sturgeon growth potential among areas, this project specifically addresses the Fish and Wildlife Program objective to protect and expand habitat and ecosystem functions as the means to significantly increase abundance, productivity, and life history diversity of resident fish, at least to the extent they have been negatively affected by hydropower system development and operations.  

The research described in this project fits well in the conceptual framework for white sturgeon rehabilitation outlined in the White Sturgeon Program Summary, Mainstem and Systemwide Province.  This summary recognizes the need for management of existing fisheries, research to determine factors limiting production in depressed stocks, and implementation of management activities resulting from research on methods to rebuild depressed stocks.  Spatial models of growth rate potential among areas could be used to forecast effects of actions including augmentation of white sturgeon populations with juvenile fish, and changes in the hydropower system operation.  This approach may serve to identify areas where additional production could be expected or identify areas where the current environment would limit production, thus enabling managers to prioritize efforts.  

This project builds upon previous laboratory and field studies that investigated the early life history, biology, and ecology of white sturgeon in the Columbia River Basin.  These studies, done primarily under BPA project 198605000 (White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam), represent a substantial investment by the region.  Results from these studies have benefited sturgeon work throughout the Nation.  It is important to recognize that BPA Project 198605000 no longer includes a significant research component.  Instead, BPA Project 198605000 now focuses on implementing measures to maintain and restore white sturgeon populations.  This evolution follows a program of study originally outlined in the early 1980’s (Fickheisen et al. 1984).  Thus, the continuation of research on white sturgeon, which ultimately leads to improved management, will only occur as new studies are proposed and funded. This project proposal to investigate effects of prey availability on survival of young white sturgeon represents a continuation of the USGS’s efforts to provide the region with needed research.  The USGS readily provides research results via annual progress reports, oral presentations, and peer-reviewed manuscripts for completion of subbasin and recovery plans.  The USGS strives to ensure that the research proposed is responsive to the needs of resource managers.  

d. Relationships to other projects 

Currently, the Bonneville Power Administration is funding several projects designed to manage or restore white sturgeon populations where numbers are depleted.   Project 198605000, White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers, has generated a wealth of information on stock status and population characteristics from 11 reservoirs on the Columbia and Snake rivers.   Historically, Project 198605000 had a substantial research component that addressed questions on methods, life history, biology, habitat use, and recruitment.  In accordance with a plan of study originally outlined in the early 1980s (Fickheisen et al. 1984), Project 198605000 has reduced the amount of research done on that project and moved into a mitigation and monitoring phase.  However, the need for continued research on white sturgeon is recognized in the Fish and Wildlife Program (NPPC 1994, 2000), the Kootenai River White Sturgeon Recovery Plan (USFWS 1999), and the Upper Columbia River White Sturgeon Recovery Plan (in preparation), and it should be recognized that this research would need to be conducted from projects external to Project 198605000.  

The research proposed in this project will benefit projects with goals of increasing white sturgeon populations.  Project 198806400, Kootenai River White Sturgeon Studies and Conservation Aquaculture and Project 198806500, Kootenai River Fisheries Investigations, Project 199700900, Evaluate Potential Means of Rebuilding White Sturgeon Populations in the Snake River Between Lower Granite and Hells Canyon Dams, and Project 199502700, Develop and Implement Recovery Plan for Depressed Lake Roosevelt White Sturgeon Populations, will benefit from an increased understanding of how prey availability and foraging behavior influence recruitment and productivity of the altered environments in which recovery efforts are attempting to build depleted populations.  

In addition to projects funded by Bonneville Power Administration, this project should benefit ongoing white sturgeon recovery efforts funded through non-federal sources as well.  Idaho Power has investigated ways of rebuilding white sturgeon populations in several reservoirs upstream from Hells Canyon Dam, and Grant County PUD is currently undertaking studies to assess fisheries in the Priest Rapids Dam Complex.  Douglas County PUD has completed one field season (2001) of sampling in Wells Reservoir, and Chelan County PUD funded sampling in Rocky Reach and Rock Island reservoirs in 2001 and 2002.  Grant County PUD funded sampling in Wanapum and Priest Rapid reservoirs in 2000 and 2001.  These efforts are being done during Federal Energy Regulatory Commission relicensing activities.  

The Upper Columbia River White Sturgeon Recovery Initiative is an effort by Canadian and US governmental, state, provincial, aboriginal, corporate, non-profit, and private entities to restore white sturgeon populations in the upper Columbia River.  This effort includes the transboundary reach between Grand Coulee Dam and Hugh L. Keenleyside Dam and areas upstream where white sturgeon were historically present.  This initiative is funding projects to characterize white sturgeon population status, investigate spawning and recruitment, determine causes of recruitment failure, and develop supplementation alternatives.  The results derived from this project will benefit those efforts as well.  

e. Project history (for ongoing projects) 

This is a new project.

f. Proposal objectives, tasks and methods

Objective 1.  Determine the ability of larval and juvenile white sturgeon to withstand food deprivation and to seek prey patches.

Task 1.1.  Conduct laboratory experiments to determine when “irreversible starvation” occurs for first-feeding and one, two, and three month-old white sturgeon.  

Experiments will be conducted following basic methods of Gadomski and Petersen (1988). Trials will be initiated in 2003 and continued in 2004.  White sturgeon will be obtained from a local hatchery.  Thirty yolk-sac white sturgeon will be transferred into each of ten individual containers.   Food will be introduced into containers at various intervals before and after yolk depletion and replenished as needed.  Each feeding trial will be replicated.  Fish in two containers will not be fed.  Survival will be monitored daily.   All trials will be terminated two weeks after total mortality has occurred in the unfed trials.  Remaining fish will be weighed and measured.  

Similar experiments will be conducted using older white sturgeon that have already initiated feeding.  Fish will be transferred into containers and food will be withheld for various intervals.  Survival will be monitored daily until two weeks after total mortality has occurred in the unfed trials.  Remaining fish will then be weighed and measured.

To distinguish between the effects of different starvation intervals on groups of fish, survival curves will be statistically compared using the Mantel-Haenszel test, also called the log-rank test (Matthews and Farewell 1985; Gadomski and Petersen 1988).  Mean fish lengths and weights will be compared between trials using analysis of variance (ANOVA) on natural log-transformed values.  


Task 1.2.  Conduct laboratory experiments to characterize larval and juvenile white sturgeon foraging behavior.

We will test the hypothesis that food-deprived white sturgeon larvae and juveniles search more actively and/or move up in the water column to facilitate downriver transport to more productive areas.  Experiments will be conducted using first-feeding and one, two, and three month-old white sturgeon obtained from a local hatchery.   Sturgeon will be tested in three states – satiated, food-deprived, and starved, resulting in twelve experimental groups.  Each experimental treatment will be replicated. Experiments will be conducted in clear aquariums 1 m x 0.3 m x 0.3 m.  Grids will be marked on the side of the aquariums to quantify observations.  To initiate a trial, five fish of an experimental group will be placed in an aquarium and allowed to acclimate for an hour.  Swimming activity levels and position in the water column will be recorded with a video camera.  

We will also test the ability of first-feeding one, two, and three month-old white sturgeon to sense prey.  The above experiments will be repeated, except extracts of food will be delivered to the water, similarly to trials by Kasumyan and Kazhlayev (1993).  Prey will be homogenized, filtered, and added to the tanks. Differences between trials in activity levels and positions will be tested using analysis of variance (ANOVA).

Objective 2.  Determine if prey availability differs among areas with differing patterns of recruitment of white sturgeon.  

This objective will provide insight on how food availability in the altered Columbia River Basin may influence survival of larval and age-0 juvenile sturgeon and thus recruitment strength.  Field studies will be done to assess and compare the availability of prey (prey species composition, size, and abundance) in areas in the Columbia River Basin typified by three patterns of white sturgeon annual recruitment: 1) Below Bonneville Dam-- consistent recruitment, 2) John Day Reservoir--variable recruitment, and 3) Priest Rapids Reservoir--no recent recruitment observed. This sampling will compliment the laboratory experiments in Objective 1 by providing quantitative information on prey available to fish in the river.  Assessments of prey availability among areas may provide insight on how habitats and hydropower system operations influence recruitment of white sturgeon.

Task 2.1. Map riverbed substrates in larval and juvenile white sturgeon rearing areas to design an efficient invertebrate sampling program.

Assessments of the abundance and distribution of benthic invertebrates (Task 2.2), and development of spatially explicit models of growth potential (Task 3.1)  requires knowledge of the distribution of riverbed substrates.  Hard bottom substrates will produce invertebrate communities that differ from soft bottom substrates.  Knowledge of the aerial extent of riverbed substrates will assist in developing sampling strategies. Sidescan sonar mapping techniques will be used to identify and delineate different riverbed substrates. Riverbank to riverbank sidescan sonar mosaics will be collected from the reservoir to characterize the geology of the bed floor of the reservoir (i.e., areas of rock outcrop, gravel beds, and fine-grained sediment cover). Areas where substrates differ will be apparent in the mosaics. 

Subsequent groundtruth sampling will be performed to identify substrates observed in the imagery. Groundtruth sampling will be done by grab sampling with dredges and by using underwater videography.  The CRRL has a groundtruthing system that uses an underwater video system housed with a Smith-McIntyre grab sampler. Accurate positioning during all surveys is done using differentially corrected GPS or the Precise Positioning Service, available to military and certain federal civilian GPS users.

Maps of sediment distribution can be made by combining the side scan sonar image mosaics with the groundtruth data.  A side scan sonar mosaic and groundtruthing has been completed for John Day Reservoir by the U.S. Geological Survey.  An interpreted substrate map is expected to be developed during 2003.  Side scan sonar work will be conducted in deepwater areas downstream from Bonneville Dam where larval and juvenile white sturgeon are known to rear, and in Priest Rapids reservoir where drifting larvae would be expected to settle.  

Task 2.2. Compare availability of prey in locations of the Columbia River with differing patterns of white sturgeon recruitment:  1) Below Bonneville Dam-- consistent recruitment, 2) John Day Reservoir--variable recruitment, and 3) Priest Rapids Reservoir--no recent recruitment observed.

A stratified random sampling design will be used with reservoir reach (lower, mid, and upper) and substrate as strata.  Benthic invertebrates in the substrate will be collected with a grab sampler.  Invertebrates that may be drifting near the bottom, such as Corophium spp., will be collected with a benthic sled.  Pilot surveys will be conducted during 2003 to ascertain precise gear types and level of effort.  During 2004 and 2005, approximately a week of sampling will be conducted in each of the three study areas during July, a month when larval and year-old juvenile white sturgeon are present.  Samples will be returned to the lab and processed.  Results will be incorporated in a Geographic Information System (GIS)

Differences in benthic invertebrate species composition and densities will be compared similarly to McCabe et al. (1998).  For each strata within a reservoir, the Shannon-Wiener function (H) will be used to determine diversity, and proportional abundances among taxa in a sample, or equitability (E), will be estimated.  Analysis of variance (ANOVA) will be used to compare these values between substrates and reach locations. Overall energy value of prey (caloric density) will be examined using known caloric values (Hanson et. al 1997).

Objective 3.  Compare and contrast the capability of selected river reaches to support white sturgeon by developing spatially explicit models of growth potential for larval and juvenile white sturgeon. 

Task 3.1.  Establish spatial modeling framework within a Geographic Information System (GIS).  

A raster-based GIS enables the modeling of space as an explicit feature of habitat by subdividing the river into small cells, each portraying a relatively small aerial extent.  Each cell is then characterized by its own combination of prey availability, water depth, riverbed substrate, water temperature, and other environmental conditions. White sturgeon growth rate potential for each cell will be defined by the relation between the supply of prey (prey density and prey size) and the amount of prey that a white sturgeon could consume.  For this exercise, we will assume that environmental conditions (e.g. water depth, water velocity, riverbed substrate) in each cell will remain constant, although conditions can be varied in future simulations.  White sturgeon growth rate potential in each cell thus depends on the innate growth potential of the fish and on the constraints imposed by the habitat.  Modeling within a raster-based GIS enables summation of the growth rate potential for all cells and allows for further evaluation of spatial relationships among areas and between patches of cells with similar growth potential within areas.  

The GIS will be populated with data describing the physical environment including water depths derived from navigational charts, USGS Quad sheets, or recent bathymetric surveys and riverbed substrates from Objective 2.  

Task 3.2.  Develop a growth model.

A bioenergetics model for white sturgeon will be run in each cell. A standard bioenergetics model we will likely use, Hanson et al. (1997), has the following equation at its core:

Consumption   = metabolism + wastes + growth



=  (respiration + active metabolism + specific dynamic action) + 



    (egestion + excretion) + (somatic growth + gonad production)

A variety of information is available to populate this model.  Cui et al. (1996) investigated the effects of ration level on the growth and energy budget of three sizes of juvenile white sturgeon (2.4, 11.1, and 22.5 g).  Fish were held at 18oC and fed tubificid worms at feeding levels ranging from starvation to ad libitum.  Sturgeon excretion was measured, and the composition and energy content of  sturgeon and prey were determined.  Other experiments have examined feeding and growth of young white sturgeon at various temperatures, although these have mostly been for aquaculture applications using artificial foods (Hung et al. 1989; Lutes et al. 1990;  Hung et al. 1993;  and others).  Fish sizes ranged from yolk-sac larvae to 1000 g juveniles at temperatures of 10-26 oC.  Much of this information was put together in a prototype feeding-growth table for white sturgeon by Cui and Hung (1995).  A bioenergetics model has also been developed for adult white sturgeon (Bevelheimer, in review) examining the effects of temperature and flow on growth and reproduction

.

Task 3.3.  Develop a foraging model.

White sturgeon consumption rates will be derived from a foraging model that relates prey density to prey availability.  The foraging model will likely be similar to that used by Brant and Kirsch (1993) in which consumption rate (Ci) is a function of encounter rate (E, the number of prey encounters per unit time) between the predator and prey and the probability that the predator recognizes (pr), attacks (pa), captures (pc) and ingests (pi) the prey:

Ci = E* pr* pa* pc* pi
We will describe encounter rates following the method of Gerritsen and Strickler (1977) in which the encounter rate in cell i is a function of the reactive distance (R, the maximum distance at which an individual prey can be detected) the swimming speed of the predator (v) and prey (u, u < v) and prey density in cell i (Di):
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Some of these variables will be derived through the laboratory experiments done in Objective 1.  Swimming speed by benthic prey will be zero (0) unless fish are preying on drifting organisms, in which the velocity near the riverbed surface would approximate the swimming speed of prey.  Encounter rates and unconstrained consumption should therefore be directional proportional to prey density.  This foraging model can be expanded to include other effects in the environment, such as time of day, turbidity, and water velocity (Petersen and Gadomski 1994).

Task 3.4.  Incorporate estimates of prey availability

Spatially explicit estimates of prey availability will be derived by interpreting prey community composition and size from the benthic invertebrate sampling conducted under Objective 2.  Point sampling over known riverbed substrates will be used to derive maps of the aerial extent of prey.  These will be incorporated into the GIS.  

Task 3.5.  Data integration and visualization

Foraging and bioenergetics simulation models will be run within the GIS environment.  The output from the GIS will include maps of the distribution of growth rate potential across the reservoir surface.  Map algebra techniques will enable comparisons of growth rate potential within and among areas.  

g. Facilities and equipment
Field and laboratory studies will be carried out by staff at the Columbia River Research Laboratory (CRRL), a field laboratory of the Western Fisheries Research Center of USGS located in Cook, WA.  These facilities are highly suitable for program needs relating to office, laboratory, field work, and storage.

The CRRL has about 70 year-round fisheries professionals, 7 administrative staff, and regularly employs over 60 seasonal biologists and technicians.  The CRRL has a fleet of over 30 boats ranging in size from 14 to 30’, and has been conducting field studies on the Columbia River since 1980.  All boats are equipped with appropriate safety equipment and operators are trained through the Department of Interior Boat Operators Certification Program.  Most boats are equipped with state-of-the-art navigational instruments and Global Positioning System receivers.  Habitat studies have been conducted on white sturgeon, juvenile chinook salmon, lamprey, northern pikeminnow, and other fishes.  Field studies often use radio telemetry, hydroacoustics, side-scan sonar, acoustic Doppler current profilers (ADCP), and other state-of-the-art methods.  Wet laboratories are equipped with well water and water from the Little White Salmon River.  Boilers provide heated water when needed.  The Laboratory has systems for observing fish behavior and conducting feeding experiments, and facilities for investigating the physiology of fishes.  Offices are equipped with modern personal computers, an in-house network, a GIS laboratory, and software for statistical modeling, and spatial analyses.
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Section 10 of 10. Key personnel

The principle investigators have extensive experience in white sturgeon research, fish early life history dynamics, and model development.  Michael Parsley has worked with white sturgeon since 1986 at the Columbia River Research Laboratory, investigating various aspects of their ecology in the Columbia River Basin.  Dena Gadomski has conducted both laboratory and field experiments studying marine and freshwater larval and juvenile fishes since 1980. For the past two years she has conducted laboratory experiments at the Columbia River Research Laboratory examining the vulnerability of white sturgeon larvae and juveniles to predation.   James Petersen has worked on the development of a variety of models concerning predator-prey dynamics, bioenergetics, and fish behavior.
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U.S. Geological Survey.  (1) Research Fishery Biologist and Project Leader for sturgeon studies (7 years).  Current responsibilities.  Principal Investigator for studies on the ecology and biology of sturgeon in the Columbia River. Coordinate research activities on white sturgeon with the activities and needs of the tribes, states, and other governmental agencies.  Oversee the work of several biologists and technicians.  Geospatial technology coordinator for the Western Fisheries Research Center.  (2)  Research Fishery Biologist, U.S. Geological Survey – conducted a variety of field and laboratory studies on the ecology and biology of white sturgeon.
Duties as Principal Investigator on this proposal.  Oversee the work of several biologists and technicians.  Analyze data, report findings, and prepare manuscripts for submission to journals.  Coordinate research activities on white sturgeon with the activities and needs of the tribes, states, and other governmental agencies. 
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