Bonneville Power Administration

FY 2003 Provincial Project Review

PART 2. Narrative

Project ID:
35028

Title:
White Sturgeon Nutritional Needs & Contaminant Effects Influenced by the Hydroelectric System

Section 9 of 10. Project description

a. Abstract 
The project goals are to 1) measure the interactions between toxic chemicals and food quality on white sturgeon downstream from Priest Rapids Dam in relation to the fishery management measures designed to protect and restore white sturgeon populations, and 2) evaluate the effect the hydropower system has on toxic chemicals and food quality of white sturgeon.  

The poor growth of white sturgeon in the Bonneville Pool and the poor reproductive success of white sturgeon in the impounded sections of the Columbia River has been attributed to food availability, habitat, flow and temperature alterations as a result of hydroelectric development.  However, water quality may be playing an important role in the poor success of these white sturgeon.  Previous work showed that PCBs and DDE were inversely correlated with indicators of nutritional status and reproductive physiology.    Fish management decisions could be influenced if toxic chemicals are shown to be an important factor contributing to the poor success of white sturgeon from the impounded sections of the Columbia River.  

The electrical industry, including the hydropower system, used PCBs in their operations.  Environmental contamination occurred from accidental releases and improper disposal of PCBs.  Past activities at Bonneville Dam have caused “hotspots” (small areas with very high levels) of PCBs in sediments and biota.  However, these and other activities may have resulted in system wide low level contamination exposing aquatic biota and putting aquatic resources at risk.  In addition, dams can trap sediments containing bioaccumulative toxic chemicals, such as PCBs, DDE, and chlorinated dioxins and furans, increasing the uptake and their effects.

This project would evaluate the effects of multiple stressors on the growth and reproductive physiology of white sturgeon by measuring nutritional status, food quality, toxic chemical concentrations, and effects from toxic chemical exposure.  Specifically, research would be conducted on the effects of toxic chemicals on the nutritional status of young-of-year (YOY), juvenile (JUV), and legal size (LEG) and the reproductive physiology of LEG white sturgeon below Priest Rapids Dam.  Data will be collected on the occurrence of toxic chemicals in sediments and endocrine disruptors in water from these areas.  This information could be used for guiding mitigative measures and fish management decisions for white sturgeon.

b. Technical and/or scientific background
Development of the Columbia River basin hydropower system has severely impacted populations of white sturgeon upstream from Bonneville Dam.  The white sturgeon population in the Columbia River downstream from Bonneville Dam supports one of the most productive recreational and commercial sturgeon fisheries in the world (Craig and Hacker 1940; McCabe and Tracy 1994); however, populations impounded in Bonneville, The Dalles, and John Day reservoirs can support only limited recreational and tribal fisheries and are more vulnerable to over-fishing than the un-impounded population (Beamesderfer et al.  1995).  Sturgeon populations upstream from McNary Dam can support only limited harvest or catch-and-release recreational fisheries.  Fishing for white sturgeon has been prohibited upstream from Grand Coulee Dam, including all Canadian waters of the Columbia River.  The white sturgeon population in the Kootenai River was listed as endangered in 1994 under the U. S. Endangered Species Act (USFWS 1994) and a recovery plan was completed in 1999 (USFWS 1999). 

Extensive development of hydropower dams throughout the Columbia River Basin during the past century has severely fragmented free-flowing, large river habitats (National Research Council 1996) occupied by white sturgeon.  Anadromous white sturgeon historically made migrations throughout the Columbia and Snake rivers for spawning and feeding, but are currently unable to use existing dam fishways for upstream passage (North et al.  1993). One important result of such river fragmentation for white sturgeon is the creation of a series of relatively isolated sub-populations (Jager et al. 2000; Secor et al. In press).  This is especially critical for a migratory species like white sturgeon, where fragmentation by dams may restrict their access to the ocean and important trace elements for proper growth and development.  White sturgeon evolved with the ability to access ocean resources and therefore their diets were nutritionally diverse.  However, inland areas of the Pacific Northwest, including the Columbia River Basin, are deficient in trace elements.  Nutritional deficiencies can lead to poor growth and reproduction.  Trace elements such as iodine and selenium which are deficient within the Columbia Basin are important for maintenance of animal health.

The presence of dams and impoundments also severely restrict movements of two principal food sources for white sturgeon: eulachon Thaleichthys pacificus and Pacific lamprey Lampetra tridentate which may affect the nutritional status of white sturgeon by forcing them to utilize prey lower in nutritional quality or higher in deleterious enzymatic activity.  Thiaminase activity in prey items have been linked to poor development and growth in some species of fish (Fisher et al., 1996).  The nutritional quality of white sturgeon food items have not been investigated. 

In addition to the effects of dams themselves, operation of the hydropower system has resulted in decreased productivity of many white sturgeon populations.  Flow regimes have been altered and water depths increased, which have resulted in reduced water velocities over extensive areas (Parsley and Beckman 1994).  Reduced velocities cause suspended solids to settle behind dams.  Toxic chemicals such as PCBs and DDE are hydrophobic chemicals and are bound to organic material in water and sediments.  The settling of suspended solids behind the dams also traps these toxic chemicals increasing exposure and potential effects of these chemicals on aquatic biota such as white sturgeon.

The life history of white sturgeon may leave them particularly vulnerable to the effects of bioaccumulative pollutants.  As opportunistic bottom feeders, these fish frequently come into contact with sediments that could contain sediment sorbed hydrophobic pollutants such as PCBs, chlorinated pesticides, and chlorinated dioxins and furans.  These contaminants have been detected in sediments from the Columbia River and these contaminants could be ingested incidentally during normal feeding or contained in food items and bioaccumulated. In addition, white sturgeon are a long lived species that historically reached 80 years of age, grew to a length of 20 ft, and weighed as much as 1800 lbs (Wydoski and Whitney 1979).  The long life span would allow for increased opportunity for exposure and bioaccumulation of contaminants.  

The reproductive strategy of white sturgeon may also put this species at risk from bioaccumulative pollutants.  Spawning is a major excretory route for females that have accumulated hydrophobic pollutants that are resistant to metabolism (Gundersen et al. 1998).  These compounds are deposited in the eggs via maternal transfer, reducing the females body burden but exposing the developing embryo.  White sturgeon have delayed sexual maturation as compared to many other species of fish: Columbia River female white sturgeon become sexually mature between 15 and 32 years of age (DeVore et al. 1995).  This reproductive strategy allows for a long period of accumulation of contaminants prior to first spawning which could adversely affect the adult reproductive cycle or the development of offspring due to maternal transfer of bioaccumulative pollutants.   In addition, female white sturgeon may only spawn every two to four years (Doroshov et al. 1997) which would allow for additional accumulation between spawnings.

A cooperative study was initiated between Oregon Department of Environmental Quality, Oregon State University, Pacific University, and U.S. Geological Survey Biological Resources Division investigating the occurrence of chlorinated pesticides and PCBs and their effect on reproductive physiology and nutritional status in white sturgeon.  Samples from sturgeon were collected from tissues that would likely accumulate these chemicals and had the potential for providing data on the effects on individual fish.  Tissues were analyzed for chlorinated pesticides and PCBs as well as physiological, molecular, and biochemical measures of reproductive physiology.  Specifically, chlorinated pesticides and PCBs were measured in samples from white sturgeon gonads in 1996; livers in 1997; and livers, gonads, and cheeks in 2000 and 2001.  Biological endpoint samples were collected for plasma reproductive steroids in 1996, 1997, 2000, and 2001; condition factor and liver enzymes in 1997, 2000, and 2001; and plasma triacylglycerides and free fatty acids in 2000 and 2001.  Gonad histology was performed for all years, and liver histology was performed in 2000 and 2001.

Data from year 2000 showed that PCBs, DDE, and total chlorinated pesticides were higher in samples from Bonneville Pool than other locations (Feist et al., 2001) (Figure 1).  The chlorinated pesticide DDT and its metabolites DDE and DDD as well as various PCB congeners were frequently detected in livers and gonads of reproductively immature Columbia River white sturgeon with concentrations for DDE>DDD>DDT.  There were differential concentrations of organochlorine tissue concentrations with gonad>liver>cheek.  

Figure 1.  Chlorinated pesticides and PCBs in livers of LEG white sturgeon collected in 2000. Histograms represent mean + S.E.M.  “*”  denotes statistically different from other locations (ANOVA; Bonferroni post-hoc test, p<0.05).
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Plasma testosterone and 11-ketotestosterone versus DDE for reproductively immature males were negatively correlated (Foster et al. 2001) (Figure 2).  Preliminary data indicates that a cytochrome P450 involved in steroid metabolism may be induced by DDE and could be a mechanism for plasma androgen reductions (Foster et al., 2002).  This cytochrome P450 could also be involved in the metabolism of reproductive maturation factors.  Hepatic EROD activity, an indicator of another cytochrome P450, was elevated in sturgeon from Bonneville and The Dalles pools but was not correlated with chlorinated pesticides or PCBs indicating exposure to other Ah-receptor agonists, such as PAHs, chlorinated dioxins, or chlorinated furans.  

Condition factor for fish from Bonneville pool were lower than those from other locations and triglycerides were lower in fish from Bonneville Pool (Feist et al. 2001) (Figure 3 and Figure 4).  Condition factor versus total PCBs were negatively correlated (Figure 5).  Many factors could be affecting condition factor but Ah-receptor agonists have been shown to adversely affect energetics.  

Figure 2.  Relationship between plasma testosterone and liver p,p’-DDE in LEG white sturgeon.  Reciprocal-Y regression p<0.01.

[image: image2]
Figure 3. Condition factor (CF) of Columbia River white sturgeon (LEG) from 4 locations. Histograms represent mean + S.E.M. Bars with different letters denotes statistically different from other locations (ANOVA; Bonferroni post-hoc test, p<0.001).
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Figure 4.  Triglycerides in plasma of Columbia River white sturgeon (LEG) from 4 locations. Histograms represent mean + S.E.M. “*” denotes statistically different from other locations (ANOVA; Bonferroni post-hoc test, p<0.004). 
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Figure 5.  Condition factor (CF) versus liver total PCBs in parts per million (ppm) for Columbia River white sturgeon (LEG). Reciprocal-Y regression: p < 0.0001.
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Vitellogenin, the egg yolk precursor protein, is naturally expressed in vitellogenic females but has been shown to occur in males and nonvitellogenic females exposed to xenoestrogens.  Males and reproductively immature females from the John Day Pool in 2000 had elevated levels of plasma vitellogenin indicating exposure to estrogenic type chemicals (Figure 6).  Vitellogenin is a large protein and is energetically expensive to produce using energy that could be used for somatic growth.

Figure 6.  Vitellogenin (Vg) in plasma of male and nonvitellogenic female 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<0.002).
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Gonad histology showed some fish with intersexed gonads (Feist et al. 2001).  In addition, gonad histology from several fish showed irregular ovaries and infiltration of muscle into ovarian tissue.  The occurrence of this type gonad histology was consistent with Russian literature on the effects of environmental contaminants on gonad histology.  Liver histology revealed a high incidence of macrophage aggregates and lymphocytes in some fish, again these have been used as indicators of exposure and effect of contaminants.

This research indicate contaminant effects on plasma androgen concentrations, the induction of liver enzymes, reduced nutritional status, condition factor, and GSI.  Contaminants may also be altering liver function and gonad development.  The contribution of contaminant stress to the poor growth and reproductive success of Columbia River white sturgeon is unknown, but remains a distinct possibility.  However, other factors such as food quality, may be more important for the reproductive success of white sturgeon in the Columbia River upstream of Bonneville Dam.  These multiple stressors may be working in combination to cause decreased white sturgeon growth and reproduction. 

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

Mitigation and restoration of white sturgeon 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 the benefits from fish and wildlife valued by the people of the region.  More specifically, the project addresses 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 extent 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.

Measure 10.4A calls for the study and evaluation of sturgeon populations: “The Council believes that studies and evaluations should be undertaken and completed quickly, and on-the-ground projects identified and completed as soon as possible to address the needs of this species.  In addition, these studies should be coordinated to avoid redundant work and to increase the potential for learning.” Measure 10.4A.2 further states that "Specific recommendations for the protection, mitigation, and enhancement of sturgeon may be submitted to the Council upon completion of these studies.”

Although conventional work to address Measure 10.4A.2 (determine the impact of the hydrosystem on sturgeon) is nearly complete, work to address the role of toxic chemicals associated with the hydropower system has not been adequately investigated and this project would supply important information for evaluating those effects.  This project would also supply information to address Measure 10.4A.3 (evaluate potential means of rebuilding sturgeon populations between Bonneville Dam and the mouth of the Snake River) by evaluating if toxic chemicals or food item quality may reduce the success of mitigation measures.  Measure 10.4A.8 (development of an experimental white sturgeon facility for research on contaminants, reproduction, and genetics) is underway and this work will provide important information for the direction of study at these facilities.  Results may eventually help in deciding the actions necessary for Measures 10.4A.2 (potential for artificial propagation), and 10.4A.3 (rebuilding sturgeon populations).  

NMFS Biological Opinion

Although white sturgeon throughout most of the Columbia River basin are not listed under the Endangered Species Act, findings from the project will be helpful in the recovery of listed Kootenai white sturgeon.  For example, information on the levels of contaminants causing adverse effects in lower Columbia River white sturgeon could be used for assessing the potential for affects in Kootenai sturgeon.

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 white sturgeon populations to facilitate tribal and non-tribal fisheries are critical components 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 Priorities

This project addresses several of the actions listed in the Future Needs: Priorities for the Mainstem/System-wide Fish Wildlife Program Solicitation.  The actions listed under the White Sturgeon – Non-BiOp Actions that would be addressed by this project are all ranked as: 1 = needs immediate implementation.  The actions addressed by this proposal are:

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 concentrations in sediments, water, and tissue.
2. 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.
3. Evaluate whether endocrine disrupting chemicals could be interacting with micronutrients and energetics to affect growth, reproduction, and development.
4. Investigate the possible mechanisms linking environmental contaminants to condition factor.
5. 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.
6. 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.
7. Research how white sturgeon prey quantities and types vary throughout the system.
White Sturgeon Program Summary

This project is an important part of the White Sturgeon Program and is included as a future need in the program summary: “The contribution of contaminant stress to the poor reproductive success of Columbia River white sturgeon is unknown, but remains a distinct possibility, and may represent another component added to other factors such as nutritional status and habitat quality that are working together to decrease the reproductive success of white sturgeon in the Columbia River above Bonneville Dam. Thus, understanding the relative contribution of contaminant stress to white sturgeon reproduction will provide important information for white sturgeon management and restoration efforts in the Columbia River Basin.”
d. Relationships to other projects 
 This project has been closely coordinated with the investigators for the 86-50 project, “White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam”.  The samples collected from YOY and JUV white sturgeon will be from fish collected as part of the 86-50 project.

In addition to ensuring that all white sturgeon work in the Columbia River basin is coordinated and complimentary, sturgeon workers regularly organize a comprehensive meeting to discuss issues and share findings.  The data that we have collected in 1996, 1997, 2000, and 2001 was presented to the sturgeon researchers in the region.  We have been attending and presenting our findings at the regular meetings scheduled for sturgeon research coordination.  Such periodic regional meetings are expected to occur in the future, and we expect to attend and present our findings to the group
e. Project history (for ongoing projects) 

This project is not an on-going project.

f. Proposal objectives, tasks and methods
The project goals are to 1) measure the interactions between toxic chemicals and food quality on white sturgeon downstream from Priest Rapids Dam in relation to the fishery management measures designed to protect and restore white sturgeon populations, and 2) evaluate the effect the hydropower system has on toxic chemicals and food quality of white sturgeon.  

This project would evaluate the effects of multiple stressors on the growth and reproductive physiology of white sturgeon by measuring nutritional status, food quality, toxic chemical concentrations, and effects from toxic chemical exposure.  Specifically, research would be conducted on the effects of toxic chemicals on the nutritional status of young-of-year (YOY), juvenile (JUV), and legal size (LEG) and the reproductive physiology of LEG white sturgeon below Priest Rapids Dam.  Data will be collected on the occurrence of toxic chemicals in sediments and endocrine disruptors in water from these areas.  This information could be used for guiding mitigative measures and fish management decisions for white sturgeon.

Objectives

1
Determine if food currently consumed by YOY (<25cm), juvenile (25 - 108cm) 
and legal size (109 - 150cm) white sturgeon are meeting their nutritional needs.
2.
Determine if reproductively immature white sturgeon are adversely affected by 
contaminants influenced by the hydroelectric system.
Tasks & Methods

Objective 1.
Determine if foods currently consumed by YOY, JUV, and LEG white 


sturgeon are meeting their nutritional needs.
Task 1a.
Perform taxonomic identification and measure the caloric value of the 


stomach contents and nutritional status of YOY, JUV, and LEG white 


sturgeon from below Bonneville Dam, Bonneville, The Dalles, John Day, 


and McNary Pools.
Overview

This task will be conducted by PSU and OSU.  Samples of white sturgeon will be obtained from below Bonneville Dam, Bonneville, The Dalles, John Day, and McNary Pools.  Up to 125 white sturgeon YOY and JUV per year for three years will be obtained from ODFW and USGS-BRD during their sampling efforts.  Up to 100 LEG white sturgeon per year for two years will be obtained from either the commercial or sport fishery.  Analysis of stomach contents and caloric value will be conducted.  Either plasma or whole body (depending on size of the individual) triglycerides analysis will be conducted on all fish.

Specific Methods

White sturgeon YOY and JUV will be obtained from below Bonneville Dam, Bonneville, The Dalles, John Day, McNary Pools from either ODFW during trawling or gillnetting operations or USGS during their twaling operations.  White sturgeon LEG will be obtained from the fish processors at Dallesport, Astoria, Warrenton, or from the sport fishery depending on availability.  LEG white sturgeon in 1996 – 2001 were obtained in this manner.

Samples of blood and plasma preparation will be performed in the field for JUV and LEG fish.  Plasma samples will be transported on dry ice to the PSU laboratory and stored in a -80C freezer.  Stomachs will be removed in the field and placed on ice for transport to the laboratory where the stomachs will be subsampled for caloric content and stomach contents.  The samples for caloric content will be frozen until analysis and the stomach contents will be preserved in formalin for taxonomic identification.  Whole body YOY will be placed on dry ice in the field for transport to the laboratory and stored in a -80C freezer.

The relationship between food items in stomach, caloric content, and nutritional status will be evaluated.  The food items in stomach, caloric content, and nutritional status will be evaluated based on location.  Past research found condition factor for fish from Bonneville pool were lower than those from other locations and triglycerides were lower in fish from Bonneville Pool (Feist et al. 2001) (Figure 3 and 4).  Condition factor versus total PCBs were negatively correlated (Figure 5).  

Sample Size

The sample size will allow for collection of plasma and stomachs from 25 YOY and JUV white sturgeon from each location per year for three years and from 20 LEG white sturgeon per location for two years.

Objective 2
Determine if reproductively immature white sturgeon are adversely 


affected by contaminants influenced by the hydroelectric system.
Task 2a
Measure PCB, chlorinated pesticides and other bioaccumlative toxic 


chemicals in sediments and the stomach contents and tissues of legal size; 


and trace elements and essential elements in tissues of YOY, JUV, LEG 


white sturgeon from Objective 1.  

Overview

This task will be conducted by PSU, OSU, DEQ and a contract laboratory.  Samples of white sturgeon will be obtained from below Bonneville Dam, Bonneville, The Dalles, John Day, and McNary Pools.  Up to 125 white sturgeon YOY and JUV per year for three years will be obtained from ODFW and USGS-BRD during their sampling efforts.  These will be the same fish used in Task 1a.  Up to 30 LEG white sturgeon per year for two years will be obtained from either the commercial or sport fishery and will be a subset of the fish sampled from Task 1a.  Sediment and water samples will be collected from below Bonneville Dam, Bonneville, The Dalles, John Day, and McNary Pools.  Condition factor will be measured and analysis of trace elements will be conducted in YOY and JUV white sturgeon.  Analysis of PCBs, chlorinated pesticides, and trace elements will be conducted in liver, gonad and stomach content of LEG white sturgeon.  

Specific Methods

White sturgeon YOY and JUV fish used in Task 1a will be used for this task.  The fish sampled in Task 1a will be obtained from below Bonneville Dam, Bonneville, The Dalles, John Day, McNary Pools from either ODFW during trawling or gillnetting operations or USGS during their trawling operations.  White sturgeon LEG will be obtained from the fish processors at Dallesport, Astoria, Warrenton, or from the sport fishery depending on availability and will consist of fish from below Bonneville Dam, Bonneville, The Dalles, John Day, McNary Pools.  

Sediment samples will be collected by stainless steel eckman dredge from below Bonneville Dam, Bonneville, The Dalles, John Day, and McNary Pools.  Three composite samples will be collected from within each area.  Each composite sample will consist of 5 grabs mixed in a stainless steel container.  Water samples will be collected within each pool quarterly.

Samples of liver, gonad, and stomach for chlorinated pesticide, PCBs, dioxins, furans, and trace elements will be placed on ice for transport to the laboratory and stored in a freezer until analysis.  Whole body YOY will be placed on dry ice in the field for transport to the laboratory and stored in a -80C freezer.  Sediment and water samples will be placed on ice for transport to the laboratory and stored in a freezer until analysis.

The trace elements arsenic, cadmium, chromium, copper, iodine, lead, mercury, selenium, and zinc will be measured by either ICP-MS or ICP in the tissues of YOY and JUV white sturgeon and the liver, gonad, and stomach of LEG fish.  Chlorinated pesticides and PCBs will be measured by GC-ECD and chlornated dioxins and furans will be measured by GC-HRMS.  Sediment samples will be analyzed for chlorinated pesticides and PCBs using GC-ECD.  Water samples will be analyzed for alkylphenolic compounds by GC.

Past data showed that PCBs, DDE, and total chlorinated pesticides were higher in samples from Bonneville Pool than other locations (Feist et al., 2001) (Figure 1).  The chlorinated pesticide DDT and its metabolites DDE and DDD as well as various PCB congeners were frequently detected in livers and gonads of reproductively immature Columbia River white sturgeon.  Results of these analysis will be used for identifying location differences and relationships between size and toxic chemical load in tissue and sediments.  The association between nutritional status measured in Task 1a and toxic chemical concentration will be evaluated.  Sediment and water chemistry data will be used to evaluate location differences and the association with tissue chemistry.

Sample Size

Samples of white sturgeon will be obtained from below Bonneville Dam, Bonneville, The Dalles, John Day, and McNary Pools.  Up to 125 white sturgeon YOY and JUV per year for three years will be obtained from ODFW and USGS-BRD during their sampling efforts.  These will be the same fish used in Task 1a.  Up to 30 LEG white sturgeon per year for two years will be obtained from either the commercial or sport fishery and will be a subset of the fish sampled from Task 1a.  Three sediment samples from each location will be collected from below Bonneville Dam, Bonneville, The Dalles, John Day, and McNary Pools.  Water samples will be collected from each area quarterly for one year.  

Task 2b
Measure biological endpoints indicative of adverse effects from exposure 


to toxic chemicals in legal size white sturgeon from Objective 1.
Overview

This task will be performed by PSU, OSU, and the P450 Laboratory.  Samples of white sturgeon will be obtained from below Bonneville Dam, Bonneville, The Dalles, John Day, and McNary Pools.  Up to 30 LEG white sturgeon per year for two years will be obtained from either the commercial or sport fishery and will be a subset of the fish sampled from Task 1a.  Condition factor, gonado-somatic index, and liver enzymes will be measured.  Testosterone, 11-ketotestosterone, estradiol, and vitellogenin will be measured in plasma.  Liver, gonad, and thyroid histology will be performed.

Specific Methods

White sturgeon LEG will be obtained from the fish processors at Dallesport, Astoria, Warrenton, or from the sport fishery depending on availability and will consist of fish from below Bonneville Dam, Bonneville, The Dalles, John Day, McNary Pools.  

Samples of blood and plasma preparation will be performed in the field.  Plasma samples will be transported on dry ice to the PSU laboratory and stored in a -80C freezer.  Liver samples for enzyme activity wil be placed on dry ice for transport to the laboratory and stored at -80C until analysis.  Samples of liver, gonad, and thyroid will be placed in formalin for histological examination.  Plasma samples will be analyzed for testosterone, 11-ketotestosterone, estradiol, and vitellogenin.  Liver enzyme activities indicating effects from exposure to toxic chemicals will be conducted by immunoblotting methods.  Liver, gonad, and thyroid tissue will be examined histologically for gross anomalies, pre-cancerous and cancerous indications, and macrophage aggregates.  

Past data showed that plasma testosterone and 11-ketotestosterone versus DDE for reproductively immature males were negatively correlated (Foster et al. 2001) (Figure 2).  Preliminary data indicates that a cytochrome P450 involved in steroid metabolism may be induced by DDE and could be a mechanism for plasma androgen reductions (Foster et al., 2002).  This cytochrome P450 could also be involved in the metabolism of reproductive maturation factors.  Data from Task 2b. will be used to evaluate the effects of toxic chemicals such as PCBs on liver enzyme function and circulating plasma steroids.  This information would be used for evaluating the potential for these chemicals to adversely affect maturing sturgeon.

Past data showed that condition factor for fish from Bonneville pool were lower than those from other locations and triglycerides were lower in fish from Bonneville Pool (Feist et al. 2001) (Figure 3 and 4).  Condition factor versus total PCBs were negatively correlated (Figure 5).  Many factors could be affecting condition factor but Ah-receptor agonists have been shown to adversely affect energetics.   Vitellogenin, the egg yolk protein precursor, is naturally expressed in vitellogenic females but was induced in males and nonvitellogenic females by xenoestrogens.  Males and reproductively immature females from the John Day Pool in 2000 had elevated levels of plasma vitellogenin indicating exposure to estrogenic type chemicals (Figure 6).  Vitellogenin is a large protein and is energetically expensive to produce using energy that could be used for somatic growth.  Gonad histology showed some fish with intersexed gonads (Feist et al. 2001).  In addition, gonad histology showed some fish with intersexed gonads and several fish showed infiltration of muscle into ovarian tissue.  The occurrence of this type of gonad histology was consistent with Russian literature on the effects of environmental contaminants on gonad histology.  Liver histology revealed a high incidence of macrophage aggregates and lymphocytes in some fish, again these have been used as indicators of exposure and effect of contaminants.  Data from Task 2b will be evaluated based on location and association between nutritional status in Task 1a and toxic chemical concentrations in Task 2a.

Sample Size

Up to 30 LEG white sturgeon per year for two years will be obtained from either the commercial or sport fishery.  These samples will be from the fish analyzed in Task 2a.  These fish will be from  below Bonneville Dam, Bonneville, The Dalles, John Day, and McNary Pools.

g. Facilities and equipment
Portland State University has several laboratories on campus with the equipment necessary for liver microsomal preparation and liver enzyme analysis including ultracentrifuge, standard centrifuges, benchtop centrifuge, standard laboratory equipment (homogenizers, glassware, pipettors, etc.).

The Oregon Cooperative Fishery Research Unit has three (3) laboratories on the campus of OSU 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, seven microcomputers, and standard laboratory equipment (homogenizers, glassware, pipets, etc.).  All equipment and facilities are available for use in conducting the radioimmunoassays and histology.  Research facilities available include rooms for cell culture and virology, incubators for bacteriology and all essential equipment for pathogen isolation and identification.  Wet lab facilities include isolation and holding tanks.

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.).

h. References

	Reference (include web address if available online)
	Submitted w/form (y/n)

	Beamesderfer, R. C. P., T. A. Rien, and A. A. Nigro.  1995.  Dynamics and potential production of white sturgeon populations in three Columbia River reservoirs  Transactions of the American Fisheries Society  124:857-872.
Craig, J. A., and R. L. Hacker. 1940.  Sturgeon fishery of Columbia River Basin.  Bulletin of the Bureau of Fisheries 49:204-208.

DeVore JD, James BW, Tracy CA, Hale DA (1995) Dynamics and potential production of white sturgeon in the unimpounded Lower Columbia River. Trans Am Fish Soc 124:845-856

Doroshov SI, Moberg GP, Van Eenennaam JP (1997) Observations on the reproductive cycle of cultured white sturgeon, Acipenser transmontanus. Environ Biol Fish 48:265-278.

Feist, G.W., Webb, M.A.H., Schreck, C.B., Fitzpatrick, M.S., Foster, E.P., Gundersen, D.T., Maule, A.G. 2002. Environmental contaminants in white sturgeon: Is endocrine disruption occurring in the Columbia River?. 4th International Congress on the Biology of Fishes.

Fisher, J.P., Fitzsimons, J.D., Combs Jr., G.F., Spitsbergen, J.M. 1996. Naturally occurring thiamine deficiency causing reproductive failure in Finger Lakes Atlantic Salmon and Great Lakes Lake Trout. Trans. Am. Fish. Soc. 125: 167-178.

Foster, E.P., Fitzpatrick, M.S., Feist, G.W., Schreck, C.B., Yates, J., Spitsbergen, J.M., Heidel, J.R. 2001. Plasma androgen correlation, EROD induction, reduced condition factor, and the occurrence of organochlorine pollutants in reproductively immature white sturgeon (Acipenser transmontanus) from the Columbia River, USA.

Foster, E.P., Fitzpatrick, M.S., Feist, G.W., Schreck, C.B., Yates, J. 2001. Gonad organochlorine concentrations and plasma steroid levels in white sturgeon (Acipenser transmontanus) from the Columbia River. Bull. Environ. Contam. Toxicol. 76: 239-245.

Foster, E., Fitzpatrick, M., Feist, G., Webb, M., Schreck, C., Maule, A., Gale, W., Buhler, D., Gundersen, D., Paar, J., Bernal, M., Vavra, J. 2002.

A potential white sturgeon hepatic cytochrome P450 3A was correlated with liver p,p’-DDE and plasma testosterone in wild white sturgeon. Society of Toxicology 41st Annual Meeting March 17 -21, 2002.

Gundersen DT, Krahling MD, Donosky JJ, Cable RG, Mims SD (1998) Polychlorinated biphenyls and chlordane in the gonads of paddlefish, Polydon spathula, from the Ohio River. Bull Environ Contam Toxicol 61:650-652

Jager, H. I., K. LePla, J. Chandler, P. Bates, W. VanWinkle.  2000.  Population viability analysis of white sturgeon and other riverine fishes. Environmental Science and Policy 3:S483-S489.

McCabe, G. T., Jr. and C. A. Tracy.  1994.  Spawning and early life history of white sturgeon, Acipenser transmontanus, in the lower Columbia River.  Fishery Bulletin 92:760-772.

National Research Council (NRC).  1996.  Upstream: Salmon and society in the Pacific Northwest. National Academy Press, Washington D.C.

North, J. A., R. C. Beamesderfer, and T. A. Rien.  1993.  Distribution and movements of white sturgeon in three lower Columbia River reservoirs. Northwest Science 67(2):105-111.

Parsley, M.J., and L.G. Beckman.  1994.  White Sturgeon spawning and rearing habitat in the lower Columbia River.  North American Journal of Fisheries Management 14:812-827.

Secor, D. H., P. J. Anders, W. Van Winkle, and D. A. Dixon.  In Press.  Can We Study Sturgeons to Extinction?  What We Do and Don’t Know about the Conservation of North American Sturgeons. In: W. VanWinkle, P. Anders, D. Dixon, and D. Secor, editors. Biology, Management and Protection of North American Sturgeons. American Fisheries Society Press.


	N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N




Section 10 of 10. Key personnel

MOLLY ANN HALDEMAN WEBB

Department of Fisheries and Wildlife, 104 Nash Hall

Oregon State University

Corvallis, Oregon  97331

Education

University of California, Davis



Ph.D. Ecology, 1999

University of California, Davis



M.S. Animal Science, 1994

University of California, Santa Barbara


B.A. Aquatic Biology, 1992

Experience

2000-Present:
Faculty Research Associate, Oregon State University:  (1) Project Leader for White Sturgeon Research.  Current responsibilities:  Principal Investigator for development of less- or non-invasive techniques for identifying sex and stage of maturity of sturgeon using plasma, mucus, and/or urine sex steroid concentrations.  Characterization of the maturation cycle and histopathology of gonadal development of white sturgeon in the Columbia River.  (2) Project Co-Leader for determination of the potential impact of endocrine disrupting chemicals on reproductive function and immune function of white sturgeon in the Columbia River.

Expertise

Reproductive physiology and endocrinology of sturgeon; effects of temperature on ovarian maturation and spawning performance of white sturgeon; effects of environmental contaminants on reproductive function of white sturgeon.

Publications

Webb, M.A.H., Van Eenennaam, J.P., Doroshov, S. I., and G.P. Moberg. 1999. Preliminary observations on the effects of holding temperature on reproductive performance of female white sturgeon, Acipenser transmontanus Richardson. Aquaculture 176:315-329.

Webb, M.A.H., Van Eenennaam, J.P., and S.I. Doroshov. 2000. Effects of steroid hormones on in vitro oocyte maturation in white sturgeon. Fish Physiology and Biochemistry 23:317-325.

Webb, M.A.H., Van Eenennaam, J.P., Feist, G.W., Linares-Casenave, J., Fitzpatrick, M.S., Schreck, C.B., and S.I. Doroshov. 2001. Effects of thermal regime on ovarian maturation and plasma sex steroids in farmed white sturgeon, Acipenser transmontanus. Aquaculture 201:137-151.
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EXPERTISE:  Environmental physiology of fishes; behavior; immunology; reproduction; stress.

SELECTED PUBLICATIONS (of 212 total):

Schreck, C.B.  1996.  Immunomodulation: Endogenous factors.  pp. 311-337. In: G. Iwama and T. Nakanishi (eds.).  The fish immune system (Fish Physiology vol. 15).  Academic Press, N.Y.

Schreck, C.B. Accumulation and long-term effects of stress in fish. In: G. Moberg (ed.). C.A.B. International Press.  In Press.

Webb, M.A.H., Van Eenennaam, J.P., Feist, G.W., Linares-Casenave, J., Fitzpatrick, M.S., Schreck, C.B., and S.I. Doroshov. 2001. Effects of thermal regime on ovarian maturation and plasma sex steroids in farmed white sturgeon, Acipenser transmontanus. Aquaculture 201:137-151.

Webb, M.A.H., Feist, G.W., Schreck, C.B., Foster, E.P., and M.S. Fitzpatrick. 2001. 
Potential classification of sex and stage of gonadal maturity of wild white 
sturgeon using blood plasma indicators. Transactions of the American Fisheries 
Society 131:132-142.

Webb, M.A.H., Feist, G.W., Trant, J.M., Van Eenennaam, J.P., Fitzpatrick, M.S., Schreck, C.B., and S.I. Doroshov. (Accepted). Ovarian steroidogenesis and plasma steroid profiles of white sturgeon (Acipenser transmontanus) during ovarian follicle maturation and induced ovulation. General and Comparative Endocrinology.

Deke T. Gundersen

Director of Environmental Science

Pacific University, 2043 College Way

Forest Grove, OR 97116

(503) 352-2276

Education:

1979-1982:

Moorpark College, Moorpark, California

1982-1983:

Santa Rosa Jr. College, Santa Rosa, California

1983-1987:

Indiana University Southeast, New Albany Indiana

B.S. Biology (Minor in Chemistry) 1987  

1987-1990:

University of Louisville, Louisville Kentucky

M.S. Biology 1990.  

1990-1994:

Oregon State University, Corvallis Oregon

PhD. Fisheries 1995.  

1993- 1995:

Oregon State University, Corvallis, Oregon




Postdoc.

Experience:
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