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a. Abstract 
Recent studies have revealed elevated levels of environmental toxicants in white sturgeon tissues and suggest that contaminants are negatively effecting sturgeon reproduction.  White sturgeon often experience year-class failures because of poor recruitment throughout the Columbia River Basin.  The damming of the Columbia River has resulted in an increased exposure rate and time of sturgeon to contaminants due to the fish's long freshwater residence.  Persistent bioaccumulative pollutants are primarily hydrophobic chemicals that are resistant to degradation.  Because of their physical properties these chemicals attach to solid particles and bioaccumulate rather than dissolve in water.  Therefore, factors that affect suspended solid fate and transport, such as dams, could have an affect on the bioaccumulation of persistent pollutants in aquatic habitats and organisms.  As well, the accidental release of specific contaminants through operation of the hydroelectric system and poor management of waste disposal (i.e., polychlorinated biphenyls and Bradford Island) has occurred.

Sturgeon are particularly susceptible to bioaccumulation of environmental pollutants because of their life history characteristics (long-lived, late-maturing, benthic association).  If contaminants are contributing to the poor reproductive performance of white sturgeon in the impounded sections of the Columbia and Kootenai rivers, mitigative actions may be instrumental in alleviating the impact of contaminants on reproduction and recruitment.

The objectives of this research are to determine the contaminant concentrations in adult white sturgeon at multiple sites throughout the Columbia River basin and explore the possibility of developing a tool that can be used to determine contaminant body-load non-lethally.  This tool may allow for a nondestructive method by which to monitor contaminants and their effects on sturgeon reproduction basin-wide.  This research will also determine if parental transfer of environmental contaminants and non-specific immune factors to white sturgeon offspring occurs, and if so, does the parentally transferred contaminant load to white sturgeon offspring reduce fitness.

b. Technical and/or scientific background
The specific goal of this project is to determine if contaminants are contributing to the poor recruitment seen in white sturgeon populations in the Columbia River Basin.  This will be achieved by examining body burden contaminant concentrations in adult white sturgeon, physiological endpoints indicative of contaminant exposure and reproduction, and the effects of parentally transferred contaminants on offspring fitness and non-specific immune factors.  This project will identify future mitigative actions critical for the restoration of natural reproduction and potentially increase the spawning success in conservation propagation programs to maintain white sturgeon populations in the impounded sections of the Columbia and Kootenai Rivers.

Development of the Columbia River basin hydropower system has severely impacted populations of white sturgeon upstream from Bonneville Dam.  The poor reproductive success of white sturgeon in the impounded sections of the Columbia River has been attributed to habitat, flow, and temperature alterations as a result of hydroelectric development (Parsley and Beckman, 1994; Anders et al., 2001; Paragamian and Kruse, 2001; Paragamian et al., 2001; Parsley et al., 2001; Secor et al., 2001), however aquatic pollution may be a limiting factor inhibiting recruitment.  White sturgeon often experience year-class failures because of poor recruitment to young of the year in mainstem reservoirs (Parsley and Beckman, 1994; Anders et al., 2001; Parsley et al., 2001).  Recent evidence has revealed elevated levels of environmental toxicants in white sturgeon tissues (EPA, 2002; Foster et al., 2001a and b).  These results coupled with the fact that pollution is second only to habitat loss as a cause of endangerment for aquatic animals (Wilcove et al. 1998) suggests that contaminants are negatively affecting sturgeon reproduction.

It is known that contaminants can control wild populations by lethal effects on individuals.  Non-lethal concentrations of contaminants can also reduce population viability by reducing reproductive success of individuals.  Reproductive success is the ability of an organism to pass its genes to subsequent generations leading to the sustainability of a population over time.  This ability can be disrupted (and thus measured) at many points during reproduction and survival of progeny (i.e., the F1 generation).  Some of these points are the number and viability of gametes, fertilization and hatching success, and survival of progeny to various life stages (e.g., larva, juvenile, and mature adult).  Non-lethal concentrations of contaminants can interfere with biological processes needed to complete these life stages successfully.

The types of contaminants that are present in the Columbia River Basin are numerous.  Polychlorinated biphenyls (PCBs) are persistent, lipophilic contaminants that are used in large long-lived capacitors and transformers.  PCB-containing electrical equipment from dam operations have been disposed of throughout the Columbia River Basin, and several recent studies have revealed the presence of PCBs in sediments and organisms in the river (Foster et al., 2001a and 2001b; DEQ, 2002; EPA, 2002; URS, 2002).  The clean up of Bradford Island Landfill (URS, 2002) in Bonneville Reservoir raises the issue that the presence of PCBs as a result of waste disposal may be a widespread problem throughout the basin.  Organochlorine pesticides have been used extensively in agricultural practices on lands surrounding the Columbia River Basin.  These pesticides are present in run-off, are very persistent, and remain in sediments for decades, potentially building up behind dams.  Dioxins and furans originate from a wide variety of domestic and industrial processes, including incineration of plastics, combustion of fossil fuels, and pulp mills (Kime, 1998).  Heavy metal pollution is the result of mining and smelting practices.  All of these contaminants are lipophilic and bioaccumulate through the food chain in fatty tissues and have been detected in white sturgeon in the Columbia River Basin (e.g., Kruse, 2000; Foster et al., 2001a and 2001b; EPA, 2002).  Frequent accidental discharges of contaminants into the Columbia River have also occurred.  For example, between January 1987 and January 1993, there were a total of 56 spills from Cominco Ltd. into the Upper Columbia River.  These spills released multiple tons of compounds containing sulphuric and phosphoric acid, zinc (various forms), gypsum, mercury, copper sulphate, ammonia, coal dust, furnace and compressor oils, sodium bisulphite, phosphate, ammonium sulphate, arsenic, cadmium oxide, chlorine, lead, slag, oxide dust, and various undetermined solutions.

The water quality standards for the Columbia River have been developed by DEQ based on acute/chronic bioassays that do not address the physiological effects of contaminants, such as endocrine disruption, that may occur at low levels.  The water quality standards also do not account for the long exposure time of sturgeon to contaminants (12-30 years before first maturity), and the standards may not be protective of the more sensitive early-life stages of development.

A wide variety of environmental toxicants has been shown to adversely affect reproduction in fishes (Kime, 1995), and evidence does exist for the greater toxicological sensitivity of early-life stages to contaminants compared to adult life stages in egg-laying organisms (e.g., Hall and Oris, 1991; Huestis et al., 1997).  Transfer of these compounds directly into progeny has been found to occur in many fish species due to the lipophilic (ability to bind to lipids/fat) and bioaccumulative nature of many pollutants, (e.g., Von Westerhagen et al., 1981; Niimi, 1983; Black et al., 1988; Miller and Amrhein, 1995; Ungerer and Thomas, 1996; Russell et al., 1999; Latif et al., 2001).  Maternal transfer of contaminants to eggs appears to occur through several mechanisms with vitellogenin (the egg yolk precursor protein) viewed as an important vector for accumulation of lipophilic contaminants in eggs (Monteverdi and Di Giulio, 2000a and b).  In egg-laying fishes, estradiol stimulates the production and release of vitellogenin by the liver.  Vitellogenin passes through the bloodstream and is taken up by the oocytes during development.  Vitellogenin primarily serves as a nutrient source for embryogenesis and early-life-stage development after the eggs have been spawned.  Because of the structure of vitellogenin, it is ideally suited to bind a wide array of compounds in the bloodstream, and hence leads to accumulation of trace metals, micronutrients, hormones, and lipophilic environmental contaminants, such as PCBs, pesticides, dioxins and furans, in the eggs (Specker and Sullivan, 1994; Montorzi et al., 1995; Monteverdi and Di Giulio, 2000a and b).  Maternally-derived contaminants and exposure at early-life stages in various species of teleosts has resulted in increased embryonic mortality (Walker et al., 1991; Carlson et al., 2000), decreased hatch success (Latif et al., 2001), alterations in development and function (Henry et al., 1997; Cantrell et al., 1998; Hornung et al., 1999), and abnormalities in sexual development (Carlson et al., 2000; Edmunds et al., 2000).

One of the most important processes for an organism to develop during early life stages is the ability to resist pathogenic organisms.  The immune system of vertebrates is not fully developed at the time of birth, and to compensate for this lack of development mothers contribute to the immune systems of their offspring.  For mammals, this contribution can be replenished with mother’s milk; in fish; however, immune factors are part of the 
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Figure 1.  (A) Mucous lysozyme and (b) blood lectin titers in Arctic charr five months after they were orally contaminated with various doses of Aroclor 1254—a PCB mixture.   Asterisks indicate groups that differ significantly from controls (“0”) at P < 0.05 or P < 0.01 (two asterisks) based on the Kruskall-Wallis nonparametric ranked sums test and Dunn’s pairwise comparisons.  Lysozyme data are means + 1 SE (n = 20).  Lectin data are individual fish and horizontal lines are medians.

maternal contribution deposited in the egg (Yousif et al., 1994; 1995).  Part of the maternal contribution to immune resistance in fish is in the form of non-specific immune factors (also known as innate immune factors), such as lysozyme, which can lyse bacteria (Yousif et al., 1994; Fock et al., 2000), and lectin, which acts as a non-specific antibody molecule (Yousif et al., 1995; Ewart et al., 2001).  Blood concentrations of both of these immune factors have been found to be reduced by PCB contamination in adult Arctic charr Salvelinus alpinus (Maule et al., 2002; Figure 1), so it seems reasonable that the maternal contribution of these immune factors in PCB-exposed fish will be reduced and lead potentially to reduced survival of progeny.  This immunotoxicity may play a role in the relation between contaminants, and egg size and survival of white sturgeon embryos reported by Kruse (2000).

Various studies provide evidence that indicates the concentrations of organochlorine pesticide and industrial compounds in fish eggs can be predicted from the concentrations of these compounds in tissue (Miller, 1993; Miller and Amrhein, 1995; Russell et al., 1999).  Other studies with mammals and birds have revealed that measurement of environmental contaminants in blood can be used as a surrogate for measurement of contaminants in tissues (e.g., Jenssen et al., 1994; Bustnes et al., 2001).  The amount of tissue required for complete contaminant analysis (liver, fillet or muscle, and gonadal tissue) is large and if often collected from sacrificed fish.  These predictive relationships may provide for the development of a nondestructive tool to assess levels of contaminants in white sturgeon and the parental load passed onto progeny.  

The life history characteristics of sturgeons (e.g., longevity, feeding habits, and late age at first maturity) increase the potential exposure of individuals to persistent bioaccumulative pollutants (e.g., PCBs, chlorinated pesticides, chlorinated dioxins and furans, and heavy metals).  The development of the Columbia River basin hydropower system has resulted in an increased rate and time of exposure to environmental contaminants due to the sturgeon's long freshwater residence, the accumulation of contaminants behind dams, and direct release of specific contaminants by the hydroelectric system (i.e., PCBs).

Studies examining the effects of organochlorine contaminants on paddlefish, a closely related species to sturgeon, revealed the bioaccumulation of PCB’s and chlordane in the fillets, ovaries, and testes of fish in the Ohio River (Gundersen and Pearson, 1992; Gundersen et al., 1998; Gundersen et al., 2000).  The lower contaminant load in mature ovaries compared to immature ovaries and testes was likely the result of mature females passing a significant amount of their organochlorine body burden to their offspring (Gundersen et al., 2000).  Though a statistically significant correlation between percent hatch and organochlorine concentrations was not found in paddlefish, the highest percent hatch did occur in the female with the lowest egg organochlorine concentration (Gundersen et al., 1998).  Shovelnose sturgeon in the Mississippi have been reported to accumulate PCB’s, DDE, and chlordane in eggs and fillets, with hermaphrodites identified downstream of St. Louis, Missouri (Harshbarger et al., 2000).

Concern about the effects of contaminants on reproductive and immune function of white sturgeon in the lower Columbia River led to a collaborative effort of researchers from Oregon State University, Oregon Department of Environmental Quality, Pacific University, and USGS-Columbia River Research Laboratory.  This team of researchers (White Sturgeon Contaminant & Reproductive Physiology Research Group; WSCRPRG) began work in 1996.  Tissue samples from immature white sturgeon in the estuary and reservoirs below McNary Dam were collected and analyzed for chlorinated pesticides, PCBs, and physiological, molecular, and biochemical measures of reproductive physiology and immune function.  The results suggest a link between contaminants, growth, and reproduction (Foster et al., 2001a and b; WSCRPRG, unpublished).  In 2000, livers of immature sturgeon caught in Bonneville Reservoir had higher total PCB, DDE (a metabolite of DDT), and total pesticide loads (on a wet weight basis) compared to the estuary, The Dalles Reservoir, and John Day Reservoir (Figure 2).  The higher concentrations seen in Bonneville Reservoir may be related to the fact that Bonneville Dam was built before The Dalles and John Day Dams resulting in the trapping and accumulation of persistent contaminants for a longer period of time.
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Figure 2. Concentrations in parts per million (ppm) of p-p’-DDE (DDE), total pesticides and total PCBs in livers of Columbia River white sturgeon from 4 locations. Histograms represent mean + S.E.M. “*” denotes statistically different from other locations (ANOVA; Bonferroni post-hoc test, P<0.05).

Liver concentrations of DDE were negatively correlated with gonadosomatic index for immature males (Figure 3).  Of the organochlorine compounds analyzed, the fish from Bonneville pool had the largest number and the highest frequency of detected contaminants.  DDT and its metabolites were detected in all fish from all sites with concentrations of DDE>DDD>DDT.
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Figure 3. Gonadosomatic index (GSI) versus liver p-p’-DDE (DDE) in parts per million (ppm) for Columbia River male white sturgeon. Reciprocal-Y regression: P=0.0091.

Plasma androgens (testosterone and 11-ketotestosterone) in immature males were negatively correlated with liver DDE concentrations (Figure 4).  This result was also reported in Foster et al. (2001a and b) and indicates endocrine disruption in wild white sturgeon in the Columbia River.  Preliminary data indicates that a cytochrome P450 liver enzyme involved in steroid metabolism may be induced by DDE and could be a mechanism for plasma androgen reductions.  The Bonneville sturgeon had the highest incidence of gonadal and liver abnormalities.  A similar pattern to the 2000 data appears to occur in the 2001 samples, yet the final analyses of these 2001 data are not yet complete.  
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Figure 4. Plasma testosterone (T) or 11-ketotestosterone (KT) versus liver p-p’-DDE (DDE) in parts per million (ppm) for Columbia River male white sturgeon. 

Reciprocal-Y regression: P=0.0005 for T and 0.0452 for KT.
This work has not only identified the need for further studies examining the effects of contaminants on maturing sturgeon but has developed physiological tools for assessing exposure of sturgeon to environmental toxicants (e.g., sex steroid concentrations, liver enzymes, gonadal and liver histopathology).  It is essential that the effects of chemicals on white sturgeon reproductive success and the effects of the dams on chemical concentrations of the persistent bioaccumulative pollutants be further examined.  The persistent bioaccumulative pollutants are primarily hydrophobic chemicals that are resistant to degradation.  Because of their physical chemical properties these chemicals attach to solid particles and bioaccumulate rather than dissolve in water.  Therefore, factors that affect suspended solid fate and transport, such as dams, could have an affect on the fate, transport, and bioaccumulation of persistent pollutants.

Several other studies have examined the concentration of contaminants in white sturgeon in the Columbia River (e.g., Bosley and Gately, 1981; Apperson, 1991; Kruse, 2000; EPA, 2002).  A study by Columbia River Inter-Tribal Fish Commission and the Environmental Protection Agency reported the presence of PCBs, chlorinated dioxins and furans, pesticides including DDT and its metabolite DDE, and heavy metals in several species of fish in the Columbia River, including white sturgeon (EPA, 2002).  In the Kootenai River white sturgeon population, PCB’s, heavy metals, and DDT and its metabolite DDE were found to bioaccumulate in ovarian tissue (Kruse, 2000).  Larger eggs were found to have higher total organochlorine concentrations indicating the bioaccumulation of these compounds in sturgeon eggs.  A significant positive correlation between PCB concentrations in embryos and mortality was found (Kruse, 2000).

Very few studies have measured contaminant concentrations in gametes of maturing white sturgeon, and no studies have examined the parental transfer of pollutants to progeny and their effects on embryo and larval survival.  The transfer to and effect of environmental contaminants on white sturgeon reproduction and embryo and larval survival must be examined as a potential contributing factor to the poor recruitment found in white sturgeon populations throughout the Columbia River Basin.  Understanding of these relationships will identify future mitigative actions critical for the restoration of natural reproduction and potentially increase the spawning success of sturgeon in conservation propagation programs in the Columbia and Kootenai Rivers.  Currently, the conservation propagation programs do have unexplained low survival of certain families, and the role of contaminants in survivorship has been questioned (Colin Spence and Sue Ireland, pers. comm.).  If contaminants are affecting embryo survival and fitness, it will be critical to target broodstock with lower contaminant loads to reduce the transfer of contaminants to embryos and increase survivorship.

c. Rationale and significance to Regional Programs
Fish and Wildlife Program

Understanding the role contaminants play in the poor recruitment seen in white sturgeon populations will allow for development of mitigative actions for restoration of sturgeon in the Columbia River Basin.  These mitigative and restoration actions will contribute to the Northwest Power Planning Council’s Fish and Wildlife Program vision of a Columbia River ecosystem that sustains an abundant, productive, and diverse community of fish and wildlife, mitigating across the basin for the adverse effects to fish and wildlife caused by the development and operation of the hydrosystem and providing benefits for fish and wildlife valued by the people of the region.  This project addresses the Fish and Wildlife Program objectives for biological performance related to resident fish losses:  (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 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 abundance, productivity, and life history diversity of resident fish, at least to the extent that they have been negatively affected by hydrosystem, development and operations; 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.

NMFS Biological Opinion

Although white sturgeon throughout most of the Columbia River basin are not listed under the Endangered Species Act, findings from this project will be helpful in the recovery of listed Kootenai white sturgeon.  Biological samples from the Kootenai white sturgeon population are an integral part of this proposed research.  The goals and objectives of this proposed research are well coordinated with contaminant research being conducted under the Kootenai Tribe BPA Project 198806400, Kootenai River White Sturgeon Studies and Conservation Aquaculture.

Action Agencies Five-year Implementation Plan

The project also addresses goals and priorities specified in the Action Agencies (BPA, USACE, USBR) Five-year Implementation Plan for anadromous and resident fish.  Goal 1 of the Implementation Plan is 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.”  Furthermore, the Implementation Plan states that, “our goal is to achieve the greatest gains in survival, as quickly as possible while acknowledging that unlimited resources are not available to the Action Agencies.  For example, actions that can be quickly implemented, can be accomplished with available resources, and provide a significant and measurable survival benefit would be implemented first.”

Goal 3 of the Implementation Plan is to “Assure tribal fishing rights and provide non-tribal fishing opportunities.”  Protection and restoration of healthy white sturgeon populations to facilitate tribal and non-tribal fisheries is a critical component of this project.

The project also addresses Goal 4 of the Implementation Plan, which is to balance other needs in the Columbia River basin.  The Implementation Plan seeks to ensure that (1) salmon, steelhead, sturgeon, and bull trout conservation measures are integrated with the NWPPC Fish and Wildlife Program and balanced with the needs of other native fish and wildlife species, (2) salmon, steelhead, sturgeon, and bull trout conservation measures are balanced with human needs, including FCRPS project purposes, and (3) resources important to maintaining the traditional culture of basin tribes are preserved.

Future Needs – Action Agencies Priority

The Action Agencies reviewed needs identified in program summaries and assigned priorities for all needs based on the NMFS Biological Opinion and the Fish and Wildlife Program.  A number of components of this project received Priority 1 - “needs immediate implementation”.  These components include: (1) evaluate the effects of environmental contaminants on the reproductive physiology of white sturgeon in the Columbia River and the influence of the hydroelectric system on chemical concentration in sediment, water, and tissue, (2) collect information on older reproductively cycling white sturgeon in order to fully assess potential effects of these environmental contaminants on sturgeon at all phases of reproductive development, (3) evaluate contaminant concentrations in tissues important for reproduction and development of mature and immature sturgeon to assess reproductive status and effects of environmental contaminants on reproductive physiology, (4) research the relative contribution of contaminant stress to white sturgeon reproduction to provide important information for white sturgeon management and restoration efforts in the Columbia River Basin, (5) 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, (6) research and understand the factors affecting reproduction and early life history of white sturgeon, (7) 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.

White Sturgeon Program Summary

This proposed project is a critical component of the White Sturgeon Program.  The white sturgeon program summary states: “White sturgeon is a species of historic commercial, recreational, and tribal importance, and loss of these populations is significant and unacceptable.”  Specifically, the Mainstem/Systemwide Province Sturgeon Program Summary, submitted in 2002, states that “Work from 1986-92 concentrated on determining the status and habitat requirements of white sturgeon in the Columbia River.  Conclusions from this work led to recommendations for further work including…4) investigate levels of contaminants in sturgeon tissue and constraints on population productivity.”  The Action Agencies identified Priority 1 future needs within the White Sturgeon Program Summary, several of which identify the need to understand the effects of contaminants on white sturgeon reproduction and physiology (1-4 listed in the Action Agencies Priorities above) and several of which identify the need to understand the factors that affect reproduction and early life history stages of white sturgeon (5-7 listed in the Action Agencies Priorities above).  Evidence suggests that contaminants may be a factor that affects reproduction and early life history stages.  If contaminants are influencing reproduction and contributing to the poor recruitment seen in the impounded section of the Columbia River Basin, managers of sturgeon resources would be able to use the information from this study for adapting management objectives.

Subbasin Summaries

Recently completed subbasin summaries from other provinces have recognized the need to examine the role of contaminants on fish populations throughout the Columbia River Basin.  For example, the Kootenai River subbasin summary includes an objective to “evaluate the effects of contaminants on Kootenai River biota by 2005”.

d. Relationships to other projects 

The results from this project will be critical to the management of white sturgeon throughout the Columbia River Basin.  Collection of biological samples for this proposed project is well-coordinated with on-going sturgeon projects in the basin, Project 198605000, White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers; Project 198806400, Kootenai River White Sturgeon Studies and Conservation Aquaculture; Project 198806500, Kootenai River Fisheries Investigations; and Project 199502700, Assess Limiting Factors of the Lake Roosevelt White Sturgeon Population.  In the 1990’s Idaho Department of Fish and Game began funding contaminant research on the Kootenai River white sturgeon population (Project 198806500, Kootenai River Fisheries Investigations).  The Kootenai Tribe is continuing this contaminant work under Project 198806400, Kootenai River White Sturgeon Studies and Conservation Aquaculture, to assess the role of contaminants as a potential limiting factor in sturgeon reproduction.  The project leaders of Project 198605000, White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers; Project 198806400, Kootenai River White Sturgeon Studies and Conservation Aquaculture; and Project 199502700, Assess Limiting Factors of the Lake Roosevelt White Sturgeon Population are supportive and willing to collaborate with the research proposed in this project.  As well, this proposed project will coordinate with the recovery efforts of white sturgeon in the upper Columbia River.  The B.C. Ministry of the Environment will provide biological samples for this study, and the results from this proposed study will directly benefit recovery efforts.

This project is well-coordinated with the proposed research of Dr. Pete Taylor, US Fish and Wildlife Service, in that collection of samples for this project and Dr. Taylor's project will be from the same individual white sturgeon spawned in conservation propagation programs throughout the basin.  Because of the poor or lack of recruitment seen in Columbia River Basin, conservation propagation programs have begun to reintroduce and repopulate sections of the river.  A major concern stemming from the hatchery-propagation of white sturgeon is the introduction or spread of disease, specifically white sturgeon iridovirus.  This disease has been found in wild white sturgeon from the Columbia River (LaPatra et al., 1994) and has been described to be vertically transferred from parent to offspring.  Dr. Taylor has proposed the development of a potential tool by which to monitor the parental transfer of iridovirus to offspring.  Because Dr. Taylor's project and this proposed research will be collecting samples from the same individuals, we will be able to monitor offspring fitness with knowledge of the parental contaminant and disease load.

This project is also related to BPA project 25052, Sex Reversal in Hanford Reach Fall Chinook Salmon, which is scheduled to begin in FY2003 and will determine if the report that high proportions of spawned-out females were genetic males is the result of pollution-induced sex reversal.  The principle investigator (Dr. Alec G. Maule) of that project is a collaborator on the current proposal.

e. Project history (for ongoing projects) 

f. Proposal objectives, tasks and methods
This project addresses the need to examine the potential effects of environmental contaminants on white sturgeon reproduction and explores the possibility of developing a tool by which to monitor the contaminant load in adults and that passed onto progeny.  This tool may allow for a nondestructive method by which to monitor contaminants and their effects on sturgeon reproduction basin-wide.  Parental transfer of contaminants and non-specific immune factors will be monitored in sturgeon spawned in aquaculture and conservation propagation programs throughout the Columbia River Basin, and the effects of parentally-derived contaminants on sturgeon embryo and larval survival and non-specific immunity will be determined.

The specific goal of this project is to determine if contaminants are contributing to the poor recruitment seen in white sturgeon populations in the Columbia River Basin.  This research will identify future mitigative actions critical for the restoration of natural reproduction and potentially increase the spawning success in conservation propagation programs to maintain white sturgeon populations in the impounded sections of the Columbia and Kootenai Rivers.

Objectives

Objective 1
Determine environmental contaminant concentrations and physiological measures indicative of contaminant exposure in adult white sturgeon in the Columbia River Basin.

Objective 2
Determine if the environmental contaminant load in white sturgeon gonadal tissue may be assessed non-lethally.

Objective 3
Determine if parental transfer of environmental contaminants and non-specific immune factors to offspring occurs in wild white sturgeon spawned in aquaculture and conservation propagation programs in the Columbia River Basin.

Objective 4
Determine if parentally transferred environmental contaminant load in white sturgeon offspring reduces fitness.

Objective 5
Assess survival and performance of embryonic, larval, and juvenile white

sturgeon exposed to single contaminants.

Tasks and Methods

Objective 1
Determine environmental contaminant concentrations and physiological measures indicative of contaminant exposure in adult white sturgeon in the Columbia River Basin.

Overview

The purpose of this objective is to determine if environmental contaminants (PCBs, organochlorine pesticides, dioxins and furans, and heavy metals) are present in gonad tissue of adult white sturgeon at sites throughout the Columbia River Basin and measure physiological endpoints indicative of exposure to toxicants.  The physiological measures have been identified in previous work with white sturgeon (WSCRPRG, unpublished) and include plasma sex steroid concentrations, liver and gonad histopathology, and liver enzymes.

White sturgeon are particularly susceptible to bioaccumulation of environmental pollutants because of their life history characteristics and their long freshwater residence as a result of the damming of the Columbia River.  PCBs, organochlorine pesticides, dioxins and furans, and heavy metals are lipophilic in nature and have been found to bioaccumulate in ovarian, liver, and muscle tissue of paddlefish and sturgeons (Gundersen and Pearson, 1992; Gundersen et al., 1998; Gundersen et al., 2000; Harshbarger et al., 2000; Kruse, 2000; WSCRPRG, unpublished).  Recent evidence has revealed the presence of PCBs, organochlorine pesticides, and heavy metals in immature white sturgeon tissues in the Columbia River (Kruse, 2000; Foster et al., 2001a and b; EPA, 2002; WSCRPRG, unpublished), hence the presence of contaminants in adult (maturing) white sturgeon throughout the basin is likely.  However, the contaminant load in adult white sturgeon tissues has been measured in very few studies (Bosley and Gately, 1981; Kruse, 2000).  The level of contaminants present in adult sturgeon gonad tissue and the geographic range over which the contaminants are present must be examined.  Information concerning the types and distribution of these compounds is essential to design and implement mitigative actions to alleviate the impact of toxicants on reproduction.

This objective takes advantage of sampling efforts associated with broodstock collection in existing white sturgeon projects throughout the Columbia River Basin.

Task 1a
Collect paired gonad, blood, and liver from adult white sturgeon females and males from the unimpounded section (below Bonneville Dam), Bonneville Reservoir, The Dalles Reservoir, John Day Reservoir, McNary Reservoir, Lake Roosevelt, Waneta Area (confluence of the Columbia and Pend d’Oreille rivers in Canada), and Kootenai River in the Columbia River Basin.

Specific Methods

A fisher will be subcontracted to collect adult white sturgeon in the unimpounded section of the Columbia River below Bonneville Dam using gillnets in May-June, 2003 and 2004.  This subcontract is part of the collection of biological samples from oversize white sturgeon for Project 198605000, White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers.  In 2005, adult fish will be collected in the unimpounded section of the river by taking fish from cooperating sport guides targeting oversize sturgeon in coordination with sampling on Project 198605000, White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers.  Fish collected in Bonneville Reservoir, The Dalles Reservoir, John Day Reservoir, McNary Reservoir, Lake Roosevelt, Waneta Area (British Columbia, Canada) and Kootenai River will be captured using setlines.  The collection of samples from adult sturgeon in Bonneville Reservoir (2003), The Dalles Reservoir (2005), and John Day Reservoir (2004) will be coordinated with Oregon Department of Fish and Wildlife (ODFW) and Washington Department of Fish and Wildlife (WDFW).  These agencies will be conducting population estimates of white sturgeon in these reservoirs (April-June) for Project 198605000, White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers.  Collection of samples from adult sturgeon in McNary Reservoir will be coordinated with Columbia River Inter-Tribal Fish Commission (CRITFC) and WDFW during broodstock collection (March-May, 2003) for Project 198605000, White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers.  Collection of samples from Lake Roosevelt will be coordinated with the set-lining effort that will occur from August-November, 2003 and 2004 for Project 199502700, Assess Limiting Factors of the Lake Roosevelt White Sturgeon Population.  Paired samples will be collected from adult fish in the Waneta area during the collection of broodstock for the recovery initiative of the Upper Columbia River white sturgeon, March-May, 2003, 2004, and 2005.  Samples from the Kootenai River sturgeon will be taken during the collection of broodstock for Project 198806400, Kootenai River White Sturgeon Studies and Conservation Aquaculture, March-May, 2003, 2004, and 2005.  Fish from all sites will be captured in areas containing pre-spawning aggregations confirmed by multiple years of sampling.

Table 1.  The number of adult white sturgeon sampled at different locations in the Columbia River Basin over time.  Dashes indicate no collection of samples.

	Site
	2003
	
	2004
	
	2005
	
	Total # Fish

	Below Bonneville
	12
	
	12
	
	12
	
	36

	Bonneville Reservoir
	12
	
	-
	
	-
	
	12

	The Dalles Reservoir
	-
	
	-
	
	12
	
	12

	John Day Reservoir
	-
	
	12
	
	-
	
	12

	McNary Reservoir
	12
	
	-
	
	-
	
	12

	Lake Roosevelt
	12
	
	12
	
	-
	
	24

	Waneta Area
	12
	
	12
	
	12
	
	36

	Kootenai
	12
	
	12
	
	12
	
	36

	
	
	
	
	
	
	
	

	Total # Sites
	6
	
	5
	
	4
	
	


Paired blood and gonad samples from a total of 12 fish (3 vitellogenic and 3 ripe females and 6 mature males) from each site will be collected for analyses (Table 1).  A total of 12 fish from each site was chosen as 3 is the minimum number that may be analyzed to account for biological variation, and we are proposing to look at contaminant load in 3 vitellogenic and 3 ripe females.  Fish will be measured to the nearest mm by fork length and total length and marked individually with a scute mark and pit tag.  A fin ray will be taken for age analysis.  Gonad tissue will be removed following the protocol described in Webb et al. (2001).  A small piece of gonad tissue will be fixed in 10% phosphate-buffered formalin for histology.  A one-gram sample of gonad tissue will be placed in a contaminant-free glass jar and stored at –20°C until analyzed for PCBs, pesticides, dioxins and furans, and heavy metals (see Table 2).  A subsample of gonad tissue (2 females and 2 males from each site) will be analyzed for dioxins and furans, as the analysis is very expensive.

Blood will be taken from the caudal vasculature using a heparinized vacutainer.  The blood will be centrifuged, and the plasma will be analyzed for sex steroids (testosterone, 11-ketotestosterone, and estradiol), while the blood cells will analyzed for PCBs, pesticides, and heavy metal concentrations.  Dioxins and furans will be analyzed in a subsample of blood cells (2 females and 2 males from each site).  Percent lipid in gonad tissue and blood will be determined.

A protocol for a liver biopsy is currently being developed following the Manual for Nonlethal Surgical Procedures to Obtain Tissue Samples for use in Fish Health Inspections (Wooster et al. 1995).  Contingent upon the successful development of this technique for white sturgeon, a liver sample (1 g) will be collected, snap frozen, and stored at -80°C until analysis of liver enzyme activity.  A smaller sample of liver will be fixed in 10% phosphate-buffered formalin for histology.

Table 2.  Chlorinated pesticides, dioxins-furans, and heavy metals analyte list.

	Chlorinated Pesticide
	Dioxin-Furan
	Metals

	Hexachlorobenzene
	2,3,7,8-TCDD
	Arsenic

	alpha-BHC
	1,2,3,7,8-PeCDD
	Cadmium

	beta-BHC
	1,2,3,4,7,8-HxCDD
	Chromium

	gamma-BHC
	1,2,3,6,7,8-HxCDD
	Copper

	delta-BHC
	1,2,3,7,8,9-HxCDD
	Lead

	Heptachlor
	1,2,3,4,6,7,8-HpCDD
	Mercury

	Heptachlor Epoxide
	OCDD
	Selinium

	Aldrin
	2,3,7,8-TCDF
	Zinc

	Dieldrin
	1,2,3,7,8-PeCDF
	

	Endrin
	2,3,4,7,8-PeCDF
	

	Endosulfan I
	1,2,3,4,7,8-HxCDF
	

	p,p'-DDE
	1,2,3,6,7,8-HxCDF
	

	p,p'-DDD
	1,2,3,7,8,9-HxCDF
	

	p,p'-DDT
	2,3,4,6,7,8-HxCDF
	

	o,p'-DDE
	1,2,3,4,6,7,8-HpCDF
	

	o,p'-DDD
	1,2,3,4,7,8,9-HpCDF
	

	o,p'-DDT
	OCDF
	

	Mirex
	Total Tetra-Dioxins
	

	p,p'-Methoxychlor
	Total Penta-Dioxins
	

	Oxychlordane
	Total Hexa-Dioxins
	

	trans-Chlordane
	Total Hepta-Dioxins
	

	cis-Chlordane
	Total Tetra-Furans
	

	trans-Nonachlor
	Total Penta-Furans
	

	cis-Nonachlor
	Total Hexa-Furans
	

	
	Total Hepta-Furans
	


Task 1b
Analyze biological samples collected in Task 1a.

Specific Methods

Histology will be conducted following the protocol described in Webb et al. (2002).  The stage of gonadal maturity will be classified according to Van Eenennaam and Doroshov (1998).  A single extraction of gonad and blood for contaminant analysis will be conducted following the protocol described in Hamilton et al. (2000) at Axys Analytical Services, Ltd.  PCB congener-specific analysis will include 209 congeners and follow the EPA Method 1668A (gas chromatography/mass spectrometry; GC/MS).  Organochlorine pesticide analysis will be conducted using GC/MS, while chlorinated dioxins and furans analysis will be conducted following the EPA Method 1613b (GC/MS).  Metals will be analyzed by Frontier Geosciences.  Briefly, about 0.5 g of sample will be digested with 10 mL of concentrated HNO3 and the digestate diluted to 25 mL with reagent water.  A 10 mL aliquot for each sample to be analyzed for mercury will be taken from the first digest and diluted to 40 mL with 10% BrCl.  Sample digestates will be analyzed for most metals by inductively coupled plasma - mass spectrometry (ICP-MS) according to Frontier SOP# FGS-54.4.  The aliquots of the digestate split for Hg analysis will be analyzed by CV-AFS according to Frontier SOP# FGS-069.2.  Plasma sex steroids will be measured by radioimmunoassay following the protocol described in Fitzpatrick et al. (1986) and modified in Feist et al. (1990).  Liver enzyme analysis will be conducted at Portland State University.  Hepatic microsomes will be prepared by differential centrifugation according to Carpenter et al. (1990) and stored at -80°C until use.  Briefly, livers will be minced in ice-cold buffer (0.1 M Tris-acetate, pH 7.4; 0.1 M KCl; 1 mM EDTA; 20 mM butylated hydroxytoluene; and 1 mM phenylmethylsulfonylfluoride), homogenized in 4 volumes of the same buffer, centrifuged at 10,000 g for 30 min, and the resulting supernatant centrifuged at 100,000 g for 90 min.  The microsomal pellet will be resuspended in buffer (0.1 M phosphate buffer, pH 7.25; 20% glycerol; and 1 mM EDTA).  Microsomes will be stored at -80°C until use.  EROD activity will be measured fluorometrically as described earlier (Prough et al. 1978, Burke and Mayer 1974).  Microsomal protein content will be measured according to Lowry et al. (1951).  Microsomal CYP1A and CYP3A protein will be measured using Western immunoblot techniques according to Towbin et al., (1979) with modifications. 

Task 1c
Determine if the environmental contaminant load in adult white sturgeon is correlated with reproductive development and differs among sites in the Columbia River Basin.
Specific Methods

Following the analyses of samples in Task 1b, regression analysis will be conducted to determine if contaminant load in gonadal tissue is correlated with reproductive development.  One-way analysis of variance will be used to determine if contaminant load in gametes and blood differ among sites.  All analyses will be conducted using Statview and Statistical Systems Analysis (SAS).

Objective 2
Determine if the environmental contaminant load in white sturgeon gonadal tissue may be assessed non-lethally.

Overview

The purpose of this objective is to explore the possibility of developing a tool that may be used to assess contaminant load in white sturgeon gametes non-lethally.  The amount of tissue required for complete contaminant analysis is large and is often collected from sacrificed fish.  Various methods have recently been developed to measure contaminant levels in plasma and whole blood (see Bustnes et al., 2001).  The close relationship between contaminant levels in blood and tissue in several studies with mammals and birds (e.g., Jenssen et al., 1994; Bustnes et al., 2001) has led to the measurement of contaminants in blood as a surrogate for measurement of these compounds in tissue.  The use of organochlorine concentrations in blood as a dose metric for tissue concentrations assumes a high correlation between concentrations in blood and tissue and/or body burden.  Studies of birds, polar bears, and humans suggest that these assumptions are valid (Mes, 1992; Marsili et al., 1996; Bernhoft et al., 1997; Henriksen et al., 1998).  Blood and tissues rapidly attain equilibrium with one another due to the fact that intertissue equilibrium of lipophilic and persistent contaminants, such as PCBs and organochlorine pesticides, is generally much faster than whole-body clearance rates (Bustnes et al., 2001).

This study will address the first steps in development of a nondestructive tool for monitoring contaminant load in white sturgeon by determining if environmental contaminants are detectable in blood of white sturgeon and if a correlation exists between contaminant concentrations in blood and gonad tissue.  Future studies will have to address the in- and between-season changes in metabolic rate and fat storage, which will determine toxicokinetic behavior of bioaccumulative contaminants.

Task 2
Determine if a correlation exists between contaminant concentrations in blood and gonadal tissue in white sturgeon analyzed in Task 1b.

Specific Methods

The concentrations of contaminants in blood and gonadal tissue will be determined in females at specific sites throughout the Columbia River Basin in Task 1b.  Regression analysis will be used to determine if a correlation exists between contaminant concentrations in blood and gonadal tissue.

Objective 3
Determine if parental transfer of environmental contaminants and non-specific immune factors to offspring occurs in wild white sturgeon spawned in aquaculture and conservation propagation programs in the Columbia River Basin.

Overview

The purpose of this objective is to determine if environmental contaminants and non-specific immune factors (lectin and lysozyme) are parentally transferred to white sturgeon offspring.  Parental transfer of contaminants has been found to occur in several fish species (e.g., Von Westerhagen et al., 1981; Niimi, 1983; Black et al., 1988; Miller and Amrhein, 1995; Ungerer and Thomas, 1996; Russell et al., 1999; Latif et al., 2001), and immune factors are a part of the maternal contribution deposited in fish eggs (Yousif et al. 1994 and 1995).  To understand the impact of contaminants on early-life stages in sturgeon, it is critical to determine if pollutants are parentally derived and if pollutants reduce the maternal contribution of non-specific immune factors to their offspring.  If contaminants are present in wild white sturgeon gametes at levels affecting reproduction, recruitment, and immune function, the propagation and release of sturgeon through conservation programs will not increase population numbers.  Environmentally derived contaminants and their effects on early-life stages must be examined in future studies.

Resisting disease is one of the most important tasks that an organism must perform to insure its survival.  How well an organism resists disease is dependent upon proper functioning of immune cells.  Contaminates, such as the PCB or polyaromatic hydrocarbons (PAH), can have direct effects on the fish immune system by suppressing the ability of cells to proliferate and produce specific antibodies (Arkoosh et al., 1994; Otinger and Kaattari, 1998), promoting apoptosis and necrosis (Sweet et al., 1998), impairing immune memory (Arkoosh et al., 1991) or disrupting non-specific immune functions (Rougier et al., 1994; Dethloff and Bailey, 1998).  The presence of PCB and PAH in water and fish tissues (Pacific salmon) has been correlated to reduced specific immune responses (Arkoosh et al., 1991; 1994) and reduced resistance to the marine fish pathogen Vibrio anguillarum (Arkoosh et al., 1998).  However, the non-specific immune responses associated with epithelium-- the first line of defense--may be the most important in ensuring bacterial resistance in fish (Maule et al., 1987; 1996).  We have shown that PCB contamination reduces non-specific immunity (Figure 1) and reduces disease resistance (Maule et al., in preparation).  As part of this objective, we will measure lysozyme and lectin in spawning white sturgeon mucus and eggs to determine their potential to pass these factors to their progeny.  This information will be correlated to measures of contaminants in eggs.

This objective will take advantage of the spawning of white sturgeon throughout the Columbia River Basin for aquaculture and conservation propagation purposes.

Task 3a
Determine environmental contaminant load in eggs, milt, and fertilized eggs from wild white sturgeon spawned in aquaculture and conservation propagation programs on the Columbia and Kootenai Rivers.

Specific Methods

A 10-gram sample of eggs (if eggs where not previously collected and analyzed in Tasks 1a and b) and sperm from 4 females and 4 males at each of 4 aquaculture and conservation propagation programs in 2003 (Pelfry’s Sturgeon Hatchery, CRITFC’s Conservation Propagation Program, Canada’s Hill Creek Hatchery, and Kootenai Tribal Conservation Aquaculture Facility) and 3 aquaculture and conservation propagation programs in 2004 and 2005 (Pelfry’s Sturgeon Hatchery, Canada’s Hill Creek Hatchery, and Kootenai Tribal Conservation Aquaculture Facility) will be collected in contaminant-free glass jars before fertilization.  Full sib crosses (i.e., one female crossed with one male) will occur.  After fertilization and deadhesion of the eggs, a sample of fertilized eggs from each full-sib cross will be collected in contaminant-free glass jars.  Identical deadhesion media will be used at each site (Kruse, 2000).  All samples will be stored at –20°C and analyzed for PCBs, pesticides, dioxins and furans, and heavy metals following the protocols described in Task 1b.

Task 3b
Assess non-specific immunity of adult wild white sturgeon spawned in aquaculture and conservation propagation programs on the Columbia and Kootenai Rivers.

Specific Methods 
Mucus will be collected by wiping a 1- or 10-µl, disposal inoculation loop along the side of the fish.  Lysozyme will be dissolved in buffer by vigorous mixing.  Lysozyme activity will be measured by a micro plate assay adaptation described by Schrock et al. (2001).   The method combines diluted serum or mucus and Micrococcus lysodeikticus suspension in acetate buffer.  The decrease in optical density over a 20-minute incubation is expressed as the equivalent of the hen-egg-white lysozyme activity standard.  Lectin in these same tissues will be determined based on hemagglutination as described in Fock et al. (2000).

Task 3c
Determine measures of immune competence (lectin and lysozyme concentrations) in eggs from wild white sturgeon spawned in aquaculture and conservation propagation programs on the Columbia and Kootenai Rivers.

Specific Methods

At the time of spawning about 75 g of non-fertilized eggs will be collected and frozen. Lectin and lysozyme will be extracted from these eggs using several washes of isopropyl alcohol and acetone (separately) as described by Yousif et al. (1991, 1994, and 1995).  Lysozyme and lectin activity will be determined as described in Task 3b.  Alternatively, we will isolate the specific proteins, produce polyclonal antibodies, and develop an enzyme-linked immunosorbant assay (ELISA) to detect the immune factors.

Objective 4
Determine if parentally transferred environmental contaminant load in white sturgeon offspring reduces fitness.

Overview

The purpose of this objective is to assess the impact of parental-transfer of environmental contaminants to white sturgeon offspring.  Maternally derived contaminants and exposure at early-life stages in various species of teleosts has resulted in reduced fitness (e.g., Walker et al., 1991; Carlson et al., 2000; Edmunds et al., 2000; Latif et al., 2001).  Central to assessing the role of contaminants in the poor recruitment seen in white sturgeon populations is an understanding of the effect of toxicants on critical early life-stages.  If contaminants in wild white sturgeon are passed to offspring and the contaminants are affecting offspring fitness, the collection of broodstock for spawning in conservation propagation programs for the production of young-of-year will not mitigate for the decrease or loss seen in white sturgeon populations.  Similarly, determining what levels, in any, of contaminants in offspring do not decrease fitness may allow for screening protocols for release of certain broods into the wild.

Task 4a
Examine cleavage patterns, embryo survival, rate of hatch, hatch success, mortality associated with initiation of feeding, and body deformities in the full-sibs from Task 3a.

Specific Methods

Critical endpoints of offspring life-stages will be followed in their respective hatcheries.  Water quality will be monitored closely at each hatchery, and differences in rate of hatch will be corrected for water temperature.  All samples will be taken from a 1-liter MacDonald jar at each hatchery that is stocked with an accurate volume of eggs immediately after fertilization and deadhesion.  To assess cleavage patterns, 500 eggs will be randomly collected at the 4-cell and 8-cell stage, fixed in 10% phosphate-buffered formalin, and examined based on Dettlaff et al. (1993).  Embryo survival will be assessed at neurulation:  A random sample of 500 embryos will be fixed in 10% phosphate-buffered formalin, and the percentage of successfully neurulated embryos will be determined.  The rate of hatch will be determined by monitoring the time from beginning of hatch to the end of hatch.  The number of hatched larvae will be counted from each MacDonald jar to determine hatch success.  Eggs from a separate 1-liter MacDonald jar (stocked with an accurate volume of eggs) will be hatched, and mortality associated with initiation of feeding will be determined by counting the number of dead larvae.  A random sample of 500 larvae post-yolk sac absorption and the dead larvae at initiation of feeding will be assessed for deformities and gross abnormalities.  An identical food source will be given to larvae at initiation of feeding ad libitum.  Larvae will be maintained at similar densities at each site.

Objective 5
Assess survival and performance of embryonic, larval, and juvenile white

sturgeon exposed to single contaminants.

Overview

The purpose of this objective is to assess the impact of single contaminants that are parentally transferred to embryos.  The chemicals to be used in this objective will be chosen based on the contaminant analysis of ovarian and testicular tissue, ovulated eggs, and sperm in Tasks 1b and 3a.  The authentic form of contaminants present in high concentration in tissue and mature gametes and those known to have toxic effects will be purchased and microinjected into neurulated sturgeon embryos from spawned females at a commercial sturgeon farm, Stolt Sea Farm California, LLC.  Stolt Sea Farm sturgeon have been found to be contaminant-free (Foster et al., 2001a).  The use of cultured sturgeon will ensure that the embryos do not carry a previous contaminant load prior to the injection of the exogenous chemical.  Injections will mimic the parental transfer of contaminants to embryos.  The embryos will be raised and specific endpoints described in Task 4a will be monitored.  This objective will determine the effect of individual contaminants (without a synergistic response) passed to offspring and will allow for methodology to selectively screen areas of the river for the presence of certain compounds.  The ability to screen an area of the river for contaminants will lead to management decisions on where fish will be placed and a means to identify potential point sources of pollution which can be removed.

Task 5a
Develop technique for microinjection of individual contaminants into egg yolk of neurulated white sturgeon embryos.

Specific Methods

This task will be completed in 2003 and will be conducted with sturgeon embryos spawned at the aquaculture facility Stolt Sea Farm California, LLC.  The protocol will be modified for sturgeon based on the methods described in Carlson et al. (2000).  One µl of menhaden oil containing the chemical (or vehicle only) will be microinjected into the yolk of neurulated white sturgeon eggs using a Hamilton MicroLab automated pump fitted with a 31-gauge needle.  Three groups (100 eggs/treatment; treatments run in duplicate) will be used in the initial experiment:  Group 1 eggs will be handled but not injected, Group 2 eggs will be microinjected with 1 µl of menhaden oil only, and Group 3 eggs will be microinjected with 1 µl of a single chemical (to be chosen) at a single concentration.  The eggs will be hatched at Stolt Sea Farm California, LLC in McDonald jars and transported to OSU's Fish Performance and Genetics Laboratory 3 days post-hatch (a time proven to be safe for transport of white sturgeon larvae).  Larvae will be reared through initiation to feeding.  Mortality of embryos and larvae in each group will be determined daily through initiation to feeding.  A 10 g sample of eggs and sperm before fertilization will be collected in contaminant-free jars for analysis of PCBs, chlorinated pesticides, dioxins and furans, and heavy metals following the protocols described in Task 1b.

Task 5b
Microinjection of single contaminants to egg yolk of neurulated white sturgeon embryos to assess survival and performance of embryos and larvae.

Specific Methods

The protocol will be determined for sturgeon based on the modified methods described in Carlson et al. (2000) within the first year of the study, and experiments with the microinjection of contaminants will be conducted in 2004 and 2005.  Briefly, chemicals will be dissolved in menhaden oil for microinjection of embryos.  The contaminants and the concentrations of contaminants to be used will be chosen based on the analysis of tissue and gametes determined in Task 1b and Task 3a.  One µl of menhaden oil containing the chemical (or vehicle only) will be microinjected into the yolk of neurulated white sturgeon eggs using a Hamilton MicroLab automated pump fitted with a 31-gauge needle.  Two control and 2 treatments (100 eggs/treatment; treatments run in duplicate) will be used in the experiment:  Control 1 eggs will be handled but not injected, Control 2 eggs will be microinjected with 1 µl of menhaden oil only, Treatment 1 eggs will be microinjected with 1 µl of a single chemical (to be chosen) at 3 concentrations (to be chosen), and Treatment 2 eggs will be microinjected with 1 µl of a different chemical (to be chosen) at 3 concentrations (to be chosen).  The eggs will be hatched at Stolt Sea Farm California, LLC in McDonald jars and transported to OSU's Fish Performance and Genetics Laboratory 3 days post-hatch.  Larvae will be reared through initiation to feeding.  The endpoints described in Task 4a (embryo survival, rate of hatch, hatch success, mortality associated with initiation of feeding, and body deformities) will be evaluated.  A total of 4 different chemicals will be used in 2004 and 2005 (2 in each year of the study).  A 10-g sample of eggs and sperm before fertilization will be collected in contaminant-free jars for analysis of PCBs, chlorinated pesticides, dioxins and furans, and heavy metals following the protocols described in Task 1b in each year.

g. Facilities and equipment
Major facilities and equipment to be used in the project currently exist and are being used.  The project is headquartered at Oregon State University.  Staff and facilities associated with the Oregon State University, Portland State University, USGS-Columbia River Research Laboratory, ODFW, WDFW, CRITFC, Spokane Tribe, B.C. Ministry of the Environment, and Kootenai Tribe collectively provides a long history of white sturgeon research and management expertise in the Columbia River Basin.  These facilities are all suitable for program needs relating to office, laboratory, and storage needs.

Offices are all equipped with computers to process and transmit data.  Software used for data analyses includes SAS, Statgraphics, Statview, Microsoft Excel, Microsoft Access, and Cricket Graph.

The Oregon Cooperative Fish and Wildlife Research Unit has laboratories equipped with a Beckman L8-60M Ultracentrifuge, Beckman TJ-6 Benchtop Centrifuge, Beckman LS 1800 Liquid Scintillation Counter, Beckman DU-64 Spectrophotometer, Waters automated high performance chromatograph, incubators, three ultralow freezers, cryostat and automated histology apparatus, fraction collector, and standard laboratory equipment (homogenizers, glassware, pipets, etc.).  All equipment and facilities are available for use in conducting the radioimmunoassays and histology.

Portland State University has several laboratories on campus equipped with Ultracentrifuge, standard centrifuges, benchtop centrifuge, standard laboratory equipment (homogenizers, glassware, pipettors, etc.).

Oregon Department of Environmental Quality has organic and inorganic laboratory facilities for the analysis of trace elements, PCBs, and chlorinated pesticides. The laboratories are equipped with AA, ICP-MS, ICP, GC-ECD, HPLC-Fluorescence, soxhlet extractors, and GC-MS. The laboratory contains equipment for western blotting and enzyme assays (spectrophotometric microtiter plate reader, gel electrophoresis, and immunoblot equipment, etc.). The laboratories contain standard equipment (homogenizers, pipettors, glassware). The laboratory also contains equipment for macroinvertebrate identification (dissecting scopes, microscopes, trays, etc.).

The Columbia River Research Laboratory has three state-of-the-technology analytical laboratories dedicated to enzymology, immunology and cell culture, and general physiology.  In addition to the standard equipment such as centrifuges, pH meters, and balances, the labs are equipped with VIS-UV and reflectance spectophotometers, enzyme-linked immunosorbent assay plate readers, flame photometer, and -80°C freezers.  The lab is staffed with trained technicians and biologists proficient in these techniques with backgrounds in fish genetics, immunology, physiology, and endocrinology.

A variety of boats and sampling gear designed to collect adult white sturgeon are currently used on the Sturgeon Projects supporting and collaborating with this proposed research.  Vehicles used include those appropriate for trailering and launching project boats.
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Principal Investigator:  Molly A.H. Webb, Faculty Research Associate, Oregon State University, FTE on proposed project 0.80.

Duties will include coordination and assistance in collection of samples with cooperating agencies, steroid analysis, histological analysis, analyses of critical life stage endpoints of embryos and larvae, data analysis, and publication of results in peer-reviewed journal.

Co-Principal Investigator:  Carl B. Schreck, Leader, Oregon Cooperative Fishery Research Unit, U.S. Department of Interior and Full Professor, Oregon State University, FTE on proposed project 0.00.

Duties will include analysis of data and publication of results in peer-reviewed journal.

Collaborator/Subcontractor:  Eugene P. Foster, Oregon Department of Environmental Quality and Professor, Portland State University, FTE on proposed project 0.00.

Duties will include liver enzyme analysis, data analysis, and publication of results in peer-reviewed journal

Collaborator/Subcontractor:  Alec G. Maule, USGS-Columbia River Research Laboratory, FTE on proposed project 0.08.

Duties will include lectin and lysozyme assays, data analysis, and publication of results in peer-reviewed journal.

Collaborator:  Grant W. Feist, Oregon State University, FTE on proposed project 0.5.

Duties will include steroid analysis, analyses of critical life stage endpoints of embryos and larvae, and publication of results in peer-reviewed journal.

Collaborator:  Martin S. Fitzpatrick, Oregon Department of Environmental Quality, FTE on proposed project 0.00.

Duties will include analysis of data and publication of results in peer-reviewed journal.

Subcontractor:  Axys Analytical Services

Duties will include analysis of sturgeon ovaries and testes, eggs, sperm, and blood for lipid and moisture content, PCBs, dioxins and furans in samples provided by Oregon State University, appropriate QA/QC for precision and accuracy of analysis, and participation in publication of results in peer-reviewed journal.

Subcontractor:  Frontier Geosciences


Duties will include analysis of sturgeon ovaries and testes, eggs, sperm, and blood for heavy metals in samples provided by Oregon State University, appropriate QA/QC for precision and accuracy of analysis
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