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a. Abstract 
Project goals are to (1) implement and evaluate measures to protect and restore white sturgeon populations downstream from McNary Dam, and (2) determine the need and identify potential measures to protect and restore white sturgeon populations upstream from McNary Dam.  This project includes a series of closely coordinated and complementary activities being implemented in an orderly progression from initial problem scoping to full-scale restoration and mitigation in the Columbia River downstream from Lake Roosevelt, and in the Snake River downstream from Lower Granite Dam.  The project has evolved from conducting research on white sturgeon in the Columbia River Basin to implementing mitigation activities based on research results, and monitoring the effects of mitigation activities.  
Initial project activities during 1986-92 indicated that productivity of white sturgeon in Bonneville, The Dalles, and John Day reservoirs was severely limited.  Recommendations included increasing management of fisheries for impounded populations, identifying habitat requirements and the relationship between river discharge and productivity, evaluating the feasibility of restoration through transplants and artificial propagation, and investigating the need for protecting and restoring populations upstream from McNary Dam.

Work since 1992 has been based on these recommendations.  Annual mitigation activities include intensive management of fisheries in impoundments and transplanting wild juvenile white sturgeon for supplementation in The Dalles and John Day reservoirs.  Effects of these mitigation actions are assessed through periodic sampling to index populations.  Results indicate that abundances in The Dalles and John Day reservoirs have generally increased as a result of mitigation.  In 1999 we began work to refine and evaluate conservation-based hatchery technology.  Work over the next few years will include experimental releases of propagated juveniles.  We will also continue to index recruitment of age-0 white sturgeon and relate changes in recruitment to changes in environmental conditions.  Work to be completed over the next few years includes making final recommendations concerning operation of the hydropower system to optimize habitat conditions for white sturgeon.  We will also complete refinement of a maturation status model 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 Chief Joseph 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 artificially impose exclusively downstream gene flow. Altered seasonal river discharge and thermal regimes resulting from impoundment and dam operations may also alter migration, limit habitat availability, or affect timing, location or success of reproduction (Auer 1996; Cooke et al., In Press; Jager et al. In Press; Secor et al. In press).  Presence of dams and impoundments also severely restrict movements of two principal food sources for white sturgeon: eulachon Thaleichthys pacificus and Pacific lamprey Lampetra tridentata.

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).  In the Columbia River, white sturgeon spawning and egg incubation usually occur from April through July in the swiftest water available (Parsley et al. 1993), and the amount of spawning habitat for white sturgeon increases as discharge increases (Parsley and Beckman 1994).  Hydropower production has reduced spring and summer discharges (Ebel et al. 1989), decreasing the amount of spawning habitat.  During years of reduced river runoff, the lack of high-quality spawning habitat in impounded reaches may preclude successful reproduction by white sturgeon.  As a result, many impounded white sturgeon populations are not as productive as they once were, and some populations in upper reaches of the Columbia River basin may already be facing extirpation. 

Possibly related to poor spawning conditions, white sturgeon often experience year-class failures because of poor recruitment to age-0 in mainstem reservoirs (Parsley and Beckman 1994; Anders et al. In Press; Parsley et al. In Press).  Although recent population estimates in John Day and The Dalles reservoirs (Ward 1998; Ward 1999) are higher than previous estimates (Beamesderfer et al.  1995), juvenile fish have remained relatively scarce (Anders et al. In Press; Parsley et al. In Press).  

Though hydroelectric development has reduced the availability of spawning habitat, it has increased the area physically suitable for age-0 and juvenile white sturgeon in impounded reaches (Parsley and Beckman 1994).  Impoundment has increased water depths and reduced water velocities upstream from the dams; thus, because young sturgeon use the deeper and slower water, the physical rearing habitat has increased.  Spawning failures and low numbers of recruits to age-0 when spawning is successful have resulted in relatively few fish occupying this available habitat.

Concern about the effects of the hydropower system on white sturgeon led to a White Sturgeon Research Needs Workshop in 1983 (Fickeisen et al. 1984), and eventually to this project in 1986.  From 1986-92, work concentrated on determining the status and habitat requirements of white sturgeon populations in the Columbia River downstream from McNary Dam (Beamesderfer and Nigro 1993).  Conclusions from this work included (1) dams limit movements of white sturgeon and have functionally isolated populations, (2) the status and dynamics of each population are unique, (3) productivity in reservoirs is less than in the unimpounded area downstream from Bonneville Dam, (4) recruitment and subsequent population size are limited by the effects of river discharge on spawning habitat, which is restricted to high-velocity areas immediately downstream from dams, (5) reservoirs provide large areas of suitable habitat for juvenile and adult white sturgeon, but compensatory population responses may reduce productivity if carrying capacity is reached, and (6) fisheries for white sturgeon in The Dalles and John Day reservoirs collapsed and population collapse was likely if high exploitation continued.  

Based on these conclusions, recommendations for further work included (1) intensify management of fisheries for impounded populations, (2) evaluate if augmented river discharge in May and June improves spawning and recruitment, (3) evaluate the feasibility of enhancing depleted populations by transplanting juvenile white sturgeon from populations downstream from Bonneville Dam, (4) identify habitat requirements of subadult and adult white sturgeon, quantify amounts of suitable habitat, and evaluate constraints on enhancement, (5) refine and evaluate hatchery technology for enhancement of threatened populations of white sturgeon, and (6) investigate the need and potential measures for protecting and enhancing populations upstream from McNary Dam.

By 1998, much of the recommended work had been completed or was well underway:  recommendation 1 had become an ongoing component of the project, work to address recommendation 3 was complete, and work to address recommendations 2 and 4 had resulted in a broad recommendation for flows to provide spawning habitat.  Therefore, a new phase of the project was started.  In this phase, from 1998-2002, mitigation actions resulting from recommendations 1 and 3 were fully implemented, investigations resulting from recommendations 2, 4 and 6 were completed, and work to address recommendation 5 began.  The next phase of the project, from 2003-05, will include continued implementation of mitigation actions based on recommendations 1 and 3, a final recommendation for hydropower system operations based on completed work addressing recommendations 2 and 4, and continued work to address recommendation 5.  

In general, the project has evolved from conducting research on white sturgeon in the Columbia River Basin to implementing mitigation activities based on research results, and monitoring the effects of mitigation activities.  From 2003-05 no new research activities will be initiated, and most ongoing research components will be completed.  The only exception will be research on hatchery propagation, which will not be completed until after 2006.  The future scope of the project will be limited to conducting and monitoring mitigation activities.

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 (NWPPC 2000) 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 (although white sturgeon can be anadromous, they are considered resident fish within the NWPPC process):  (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.

The Fish and Wildlife Program also calls for the continuation of existing measures until subbasin plans are adopted, the measure has been specifically repealed, or three years have elapsed since implementation of the 2000 Program, whichever comes first.  Therefore, measures from the 1994 Fish and Wildlife Program addressing white sturgeon are still in effect. 

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.”

Work to address Measure 10.4A.2 (determine the impact of the hydrosystem on sturgeon) is nearly completed.  Work to address Measure 10.4A.3 (evaluate potential means of rebuilding sturgeon populations between Bonneville Dam and the mouth of the Snake River) is also nearly completed.  Measure 10.4A.8 (development of an experimental white sturgeon facility for research on contaminants, reproduction, and genetics) is underway.  Results will eventually address Measures 10.4A.2 (potential for artificial propagation), and 10.4A.3 (rebuilding sturgeon populations).  

NMFS Biological Opinion

Although white sturgeon in our project area are not listed under the Endangered Species Act, they are covered in the 2000 National Marine Fisheries Service Biological Opinion.  Section 7.3, “Tribal Actions”, states: 1) Halt the decline of salmon, lamprey, and sturgeon populations above Bonneville Dam within 7 years, and 2) Increase lamprey and sturgeon to naturally sustaining levels within 25 years in a manner that supports Tribal harvest.  In addition, findings from the project will be helpful in the recovery of listed Kootenai white sturgeon.  For example, the status of white sturgeon in the lower Columbia River allows for greater, although prudent, levels of hatchery experimentation, particularly in areas that evaluate the efficacy of different release sizes and densities.  Findings may be particularly useful to the recovery of Kootenai River white sturgeon.  Results from investigations to develop a non-intrusive means to determine sex and maturation status may also benefit listed white sturgeon.

Action Agencies Five-year Implementation Plan

The project also addresses goals and priorities specified in the Action Agencies (Bonneville Power Administration, U. S. Army Corps of Engineers, U. S. Bureau of Reclamation) 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 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 the project received Priority 1 - “needs immediate implementation”.  These components include: (1) support further development of the OSU preliminary discriminant function model, (2) assess the impact of hydropower development and operation on white sturgeon, (3) research to understand the factors affecting reproduction and early life history of white sturgeon, (4) 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 in area, and (5) develop a plan to investigate the use of hatchery supplementation to rebuild white sturgeon populations in lower Columbia River reservoirs in case current management activities prove unsuccessful at reaching the goal of rebuilding the populations in these reservoirs. 

White Sturgeon Program Summary

This project is a critical component of the White Sturgeon Program.  Continuation of the project is included as a future need in the program summary: “The consequences to white sturgeon are severe if project 198605000 is not continued.  Without intensive management, current levels of harvest cannot be maintained, and potential future increases will be precluded.  Production of white sturgeon in most reservoirs will remain extremely limited, and abundance of severely depressed populations will remain critically low.  Production will be limited by operation of the hydropower system, and abundance will remain low because depressed reservoir populations will not be supplemented.  White sturgeon is a species of historic commercial, recreational, and tribal importance, and loss of these populations is significant and unacceptable.  Closure of fisheries would likely result in litigation; therefore, annual funding is essential to maintain and increase current harvest levels.”

Subbasin Summaries

In addition to the Fish and Wildlife Program, recently completed subbasin summaries have recognized the need for white sturgeon protection and restoration.  The list of fish and wildlife needs in the Columbia Plateau subbasin summary included (1) determine the hydropower system operation program that will maximize the productivity of white sturgeon in reservoirs while also supporting salmonid recovery in the Columbia River Basin, (2) determine appropriate stocks and mechanisms for supplementing white sturgeon populations in reservoirs, (3) develop both short-term and long-term strategies for white sturgeon supplementation, and (4) develop, implement, and evaluate a management plan for white sturgeon in Columbia River reservoirs. Fish and wildlife needs from the Columbia Gorge subbasin summary included: investigate upstream passage for white sturgeon at Bonneville and The Dalles dams.  Fish management needs listed in the Lower Columbia River subbasin summary included: assess the effects of transporting white sturgeon from the unimpounded lower Columbia River upstream to The Dalles and John Day reservoirs, including an accurate assessment of sub-legal, legal, over-legal, and broodstock populations.

d. Relationships to other projects 
Although this is the only federally funded project conducting field activities to restore white sturgeon populations in the Columbia River downstream from Lake Roosevelt, and in the Snake River downstream from Lower Granite Dam, work is well coordinated with ongoing sturgeon projects in other areas of the basin.  Project 198806400, Kootenai River White Sturgeon Studies and Conservation Aquaculture; Project 198806500, Kootenai River Fisheries Investigations; Project 199700900, Evaluate Potential Means of Rebuilding White Sturgeon Populations in the Snake River Between Lower Granite and Hells Canyon Dams, and Project 199502700, Develop and Implement Recovery Plan for Depressed Lake Roosevelt White Sturgeon Populations, are all designed to study and restore sturgeon populations outside the geographic scope of this project; therefore, these projects are all complementary.

All white sturgeon projects in the Columbia River Basin will benefit from the work of Project 199902200, Assessing Genetic Variation Among Columbia Basin White Sturgeon Populations.  Results from this project will provide guidelines for the transportation of juvenile sturgeon from the area downstream from Bonneville Dam to upstream reservoirs.  Results should also provide guidelines for the release of artificially propagated juveniles and the monitoring and evaluation of their effects on recipient wild populations.  

Some additional ongoing white sturgeon projects in the Columbia River downstream from Lake Roosevelt are funded through non-federal sources.  Douglas County PUD has completed one field season (2001) of sampling in Wells Reservoir (work conducted by PUD staff).  Chelan County PUD funded sampling in Rocky Reach and Rock Island reservoirs in 2001 and 2002.  Grant County PUD funded sampling in Wanapum and Priest Rapid reservoirs in 2000 and 2001.

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.  In December 1997, the Oregon Department of Fish and Wildlife organized a meeting consisting of (1) a white sturgeon genetics roundtable, and (2) a white sturgeon summit meeting.  In 2000, the Nez Perce Tribe organized and hosted a white sturgeon research coordination meeting.  The next meeting, concentrating on genetics and disease issues, as well as updates of ongoing projects, will be hosted by the Columbia River Inter-Tribal Fish Commission in August 2002.  Such periodic regional meetings are expected to occur in the future, with consideration given to producing formal proceedings to foster effective regional information sharing.  

e. Project history (for ongoing projects) 

History 

This project began in 1986 with the title Status and Habitat Requirements of White Sturgeon Populations in the Columbia River Downstream from McNary Dam.  The title has since changed, but the project number (198605000) has not.  The project was based partly on findings and recommendations from the White Sturgeon Research Needs Workshop held in 1983 (Fickeisen et al. 1984).  As the original title indicates, the early focus of the study was to provide information on the status of white sturgeon populations in the lower Columbia River.  Objectives were (1) describe reproduction and early life history characteristics of white sturgeon populations, (2) describe the life history and population dynamics of subadult and adult white sturgeon, (3) define habitat requirements for spawning and rearing of white sturgeon and quantify extent of habitat available, and (4) evaluate the need and identify potential methods for protecting, mitigating, and restoring white sturgeon populations.  

BPA contracted with ODFW to conduct the study, and ODFW subsequently entered into cooperative agreements with the Washington Department of Fish and Wildlife (WDFW), what is now the U.S. Geological Survey (USGS), and the NMFS to conduct portions of the study.  In general, Objectives 1 and 3 were addressed by USGS and NMFS, whereas Objectives 2 and 4 were addressed by ODFW and WDFW.

From 1986-88 methodologies were developed for habitat mapping and modeling, capture gears for various life stages, and marking and aging techniques.  By 1992, findings included (1) dams limit movements of white sturgeon and have functionally isolated populations in mainstem Columbia River reservoirs; (2) population dynamics of white sturgeon are unique in each reservoir; (3) population productivity is 10-100 times higher downstream from Bonneville Dam than in Bonneville, The Dalles, or John Day reservoirs; (4) discharge influences spawning habitat for white sturgeon; (5) reservoirs provide large areas of suitable physical habitat for juvenile and adult white sturgeon, but compensatory population responses may reduce productivity if carrying capacity is exceeded; and (6) over-fishing had occurred in Bonneville, the Dalles, and John Day reservoirs.  Appropriate exploitation rates under the reduced productivity resulting from the development and operation of the hydrosystem were described.
Based on these conclusions, recommendations were developed to guide all future work to be conducted as part of this project: (1) intensify management of fisheries for impounded populations, (2) evaluate if augmented river discharge in May and June improves spawning and recruitment, (3) evaluate the feasibility of enhancing depleted populations by transplanting juvenile white sturgeon from populations downstream from Bonneville Dam, (4) identify habitat requirements of subadult and adult white sturgeon, quantify amounts of suitable habitat, and evaluate constraints on enhancement, (5) refine and evaluate hatchery technology for enhancement of threatened populations of white sturgeon, and (6) investigate the need and potential measures for protecting and enhancing populations upstream from McNary Dam.

Work from 1993-97 focused on developing and implementing the mitigation actions recommended, monitoring the effects of these actions, and conducting the research activities recommended.  To reflect this change in direction, the title of the project changed to Effects of Mitigative Measures on Productivity of White Sturgeon Populations in the Columbia River Downstream From Bonneville Dam, and Status and Habitat Requirements of White Sturgeon Populations in the Columbia and Snake Rivers Upstream From McNary Dam.  With this new phase of the project, the U.S. Fish and Wildlife Service (USFWS) and the Columbia River Inter-Tribal Fish Commission (CRITFC) joined as cooperators.  From 1993-97 ODFW addressed recommendations 1, 3, 4, and 6; WDFW addressed recommendations 1, 2, 3, and 6; USFWS addressed recommendation 4; NMFS addressed recommendations 1 and 4; USGS addressed recommendations 2, 3, and 4, and CRITFC addressed recommendation 1.  NMFS completed their work in 1997 and ended their status as project cooperators.

By 1998 much of the recommended work had been completed or was well underway.  Accomplishments grouped by applicable recommendation included:

Recommendation (1) - Intensify management of fisheries for impounded populations:

· Demonstrated increased abundance of white sturgeon in The Dalles and John Day reservoirs, which was attributable to intensive harvest management and reduced exploitation;

· Intensive fishery management had become an ongoing component of the project.
Recommendation (2) - Evaluate if augmented river discharge in May and June improves spawning and recruitment:

· Developed two indices of relative abundance for age-0 white sturgeon;

· Determined that white sturgeon larvae are susceptible to gas bubble trauma in laboratory experiments;

· Determined that hydropeaking at The Dalles Dam displaces white sturgeon eggs and larvae from incubation areas;
· Provided broad recommendation for flows to provide spawning habitat.
Recommendation (3) - Evaluate the feasibility of enhancing depleted populations by transplanting juvenile white sturgeon from populations downstream from Bonneville Dam:

· Found that white sturgeon transplanted to The Dalles Reservoir demonstrated excellent survival and growth one and two years later.
Recommendation (4) - Identify habitat requirements of subadult and adult white sturgeon, quantify amounts of suitable habitat, and evaluate constraints on enhancement:

· Determined habitats used by spawning and rrearing fish;

· Developed habitat maps and flow-habitat models for the Columbia River up to Priest Rapids Dam;

· Provided broad recommendation for flows to provide spawning habitat.

Recommendation (5) - Refine and evaluate hatchery technology for enhancement of threatened populations of white sturgeon:

· No work implemented.

Recommendation (6) - Investigate the need and potential measures for protecting and enhancing populations upstream from McNary Dam:

· Completed initial population estimates for white sturgeon in McNary, Ice Harbor, Little Goose, and Lower Monumental reservoirs, and the Hanford Reach.

Because much of the recommended work had been completed, a new phase of the project was started.  In this phase, from 1998-2002, mitigation actions resulting from recommendations 1 and 3 were fully implemented, investigations resulting from recommendations 2, 4 and 6 were completed, and work to address recommendation 5 began.  The title of the project changed once again to White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam.  Oregon State University (OSU) joined the project in 2000 to develop a maturation status model as part of recommendation (1).

Accomplishments from 1998-2002 included (pertinent data in the form of figures and tables are included for a number of these accomplishments):  

Recommendation (1):

· Maintained increase in abundance of white sturgeon in The Dalles and John Day reservoirs, which again was attributable to intensive harvest management and reduced exploitation (see Figure 1 on page 12 for John Day Reservoir example);

· Intensive fishery management continued as ongoing component of the project;
· Developed a preliminary discriminant function analysis model to predict white sturgeon sex and stage of maturity using blood plasma indicators, sex steroids and calcium, and fork length (see Table 1 on page 13 for preliminary model results).  

Recommendation (2):

· Conducted yearly age-0 white sturgeon indexing (trawling) in Bonneville, The Dalles, and John Day reservoirs to describe environmental influences on recruitment (see Table 2 on page 14 for interim results comparing trawling and netting).

· Implemented sampling with gillnets in The Dalles, John Day, McNary, Ice Harbor,  and Little Goose reservoirs as an alternate method to index recruitment to age-0 (see Table 2 on page 14).

· Examined movements and behavior of pre-spawn and spawning white sturgeon in The Dalles Reservoir in relation to dam operations.

Recommendation (3):

· Annual transplants of white sturgeon from below Bonneville Dam to The Dalles and John Day reservoirs became ongoing component of project (see table in methods for Task 1a for numbers transplanted annually since 1998).
Recommendation (4):

· Examined seasonal habitat use and movements of sub-adult and adult white sturgeon in a free-flowing and impounded reach of the Columbia River.

· Quantified habitat suitable for spawning and rearing of white sturgeon in the Columbia and the Snake rivers in relation to yearly flows and temperatures.

· Described the effects of proposed reservoir water level manipulations on productivity of white sturgeon. 

· Assessed the effects of water temperature on the development of white sturgeon eggs.  

· Described the food habits of first-feeding larvae and age-0 white sturgeon.

· Investigated size vulnerability of white sturgeon larvae and juveniles to predation, and effects of turbidity levels on predator-prey interactions. 

Recommendation (5):

· Initiated work to evaluate the feasibility of using hatchery-reared white sturgeon to supplement depressed populations.  First research-level release of hatchery-reared fish into the Columbia River scheduled for 2003  (see tables in methods for Task 1b for broodstock collection numbers and planned release numbers). 

Recommendation (6):

· Completed index sampling to develop initial descriptions of white sturgeon populations in Rock Island Reservoir, Lake Rufus Woods, and Lake Roosevelt (see Table 3 on page 14 for data from these reservoirs). 
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Figure 1.  Estimated abundance by fork length interval for white sturgeon in John Day Reservoir, 1990, 1996, and 2001.  Although abundance has increased, slower growth than predicted allowed harvest to contribute to a decrease in the number of fish in the legal “slot”.  Population status will now be monitored every 3rd year rather than every 5th year to facilitate better harvest management.   

Table 1.  Classification summary for determination of sex and stage of maturity in the fishery and oversize fish combined (all fish) and oversize fish only from the  quadratic discriminant function analysis for white sturgeon using log-transformed plasma testosterone and estradiol concentrations as predictors.  Values in bold are percentage of fish correctly classified.
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Table 2.  Proportion of trawl tows and gill-net sets that captured age-0 white sturgeon (Ep) in several Snake and Columbia river reservoirs, 1999 - 2001.

	 
	 
	Trawl Years
	 
	 
	 
	Gill Net Years
	 

	River Reach
	1999
	2000
	2001
	 
	1999
	2000
	2001

	Snake River Reservoirs
	
	
	
	
	
	

	Little Goose
	--  
	--  
	--  
	
	0.06
	0.08
	0.00

	Ice Harbor
	--  
	--  
	--  
	
	0.03
	0.02
	0.00

	Columbia River Reservoirs
	
	
	
	
	
	

	McNary
	--  
	--  
	--  
	
	0.08
	0.03
	0.00

	John Day
	0.13

	0.00
	0.00
	
	0.22
	0.06
	0.00

	The Dalles
	0.25
	0.04
	0.00
	
	0.72
	0.64
	0.00

	Bonneville
	 0.61
	 0.12
	 0.00
	 
	--  
	--  
	--  


Table 3.  Effort and catch data for white sturgeon sampling in Lake Roosevelt, Lake Rufus Woods, and Rock Island Reservoir, 1998.  The lack of recruitment as expressed by subadult abundance (fish less than 4-foot fork length) in setline catches is evident when data are compared to setline catches in other  reservoirs: Little Goose (1997) 24%; Lower Monumental (1997) 28%; Ice Harbor (1996) 45%; and Bonneville (1999) 99% subadult fish.  Mesh size of gill nets limited catch to subadult fish.

	
	Setline
	
	Gill net (2” stretch mesh)

	Reservoir, dates
	River mile
	No. of sets
	Catch
	CPUE
	% < 4 ft
	
	No. of sets
	Catch
	CPUE

	Lake Roosevelt
	
	
	
	
	
	
	
	
	

	6/18-6/23
	597-617
	150
	0
	0.00
	
	
	7
	0
	0.00

	7/02-7/07
	618-647
	150
	0
	0.00
	
	
	6
	0
	0.00

	7/16-7/21
	Spokane
	150
	0
	0.00
	
	
	6
	0
	0.00

	7/30-8/04
	648-677
	150
	8
	0.05
	
	
	6
	0
	0.00

	8/13-8/18
	678-706
	150
	139
	0.93
	
	
	7
	2
	0.29

	8/27-9/01
	707-731
	137
	32
	0.23
	
	
	6
	1
	0.17

	9/10-9/15
	732-746
	40
	22
	0.55
	
	
	5
	0
	0.00

	Total
	
	927
	201
	0.22
	2
	
	43
	3
	0.07

	Lake Rufus Woods
	
	
	
	
	
	
	
	

	5/21-5/26
	544-574
	130
	0
	0.00
	
	
	8
	0
	0.00

	6/04-6/09
	575-590
	74
	7
	0.09
	
	
	8
	0
	0.00

	Total
	
	204
	7
	0.03
	0
	
	16
	0
	0.00

	Rock Island Reservoir
	
	
	
	
	
	
	
	

	9/24-9/29
	454-473
	95
	4
	0.04
	
	
	0
	0
	--

	Total
	
	95
	4
	0.04
	0
	
	0
	0
	--


The next phase of the project, from 2003-05, will include:

Recommendation (1):

· Continued intensive fishery management.  Although abundance of white sturgeon in reservoirs remains higher than prior to intensive harvest management and reduced exploitation, results indicate that regular monitoring is required to preclude over-exploitation and insufficient escapement of sturgeon into the broodstock population.  Bonneville, The Dalles, and John Day reservoirs will therefore each be monitored every 3 years rather than every 5 years as in the past.  
· Further work to refine the maturation status model.  Over 80% of the fish were correctly classified into two groups of sex (female or male) or four groups of sex and stage of maturity (immature female, immature male, maturing female, maturing male).  Though error does exist in the classification of sex and stage of maturity of white sturgeon using blood plasma indicators, the technique currently has significant advantages over the more invasive biopsy method.  Work is also proceeding on development of a non-invasive test to discriminate sex and stage of maturity in white sturgeon using mucus and/or urine.  

Recommendations (2) and (4):

· A final recommendation for hydropower system operations based on completed work.  In addition, annual monitoring of age-0 white sturgeon is required to develop a long-term database to evaluate relationships between hydropower system operations and recruitment to age-0 and older.
Recommendation (3):

· Continued annual transplants of fish into The Dalles and John Day reservoirs.  Effects of transplanting juvenile white sturgeon will be assessed in 2002.
Recommendation (5):

· Continued work to refine and evaluate hatchery technology.  The experimental release program will eventually include evaluation of the survival of three age groups of white sturgeon.  

Recommendation (6)

· Assessment work completed.  Future actions likely dependent on work related to recommendations (2), (4), and (5).
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Summary of Major Results

Major results have been explained in the History subsection above.  To summarize:

From 1986-88 we: 

· Developed methodologies for habitat mapping and modeling, capture gears for various life stages, and marking and aging techniques.

By 1992 we:

· Determined that dams limit movements of white sturgeon and have functionally isolated populations in mainstem Columbia River reservoirs;
· Described population dynamics and found them to be unique in each reservoir;

· Found population productivity to be 10-100 times higher downstream from Bonneville Dam than in Bonneville, The Dalles, or John Day reservoirs;

· Identified reduced flows and subsequent poor recruitment as a potential factor limiting white sturgeon productivity in impoundments;  

· Determined reservoirs provide large areas of suitable habitat for juvenile and adult white sturgeon, but compensatory population responses may reduce productivity if carrying capacity is exceeded;

· Determined over-fishing had occurred in Bonneville, The Dalles, and John Day reservoirs, and described appropriate exploitation rates under the reduced productivity resulting from the development and operation of the hydrosystem.

By 1998 we:

· Demonstrated increased abundance of white sturgeon in The Dalles and John Day reservoirs, which was attributable to intensive harvest management and reduced exploitation;

· Developed two indices of relative abundance for age-0 white sturgeon;

· Determined that white sturgeon larvae are susceptible to gas bubble trauma in laboratory experiments;

· Determined that hydropeaking at The Dalles Dam displaces white sturgeon eggs and larvae from incubation areas;

· Provided a broad recommendation for flows to provide spawning habitat;

· Found that white sturgeon transplanted to The Dalles Reservoir demonstrated excellent survival and growth one and two years later;

· Developed habitat maps and flow-habitat models for the Columbia River up to Priest Rapids Dam;

· Completed initial population estimates for white sturgeon in McNary, Ice Harbor, Little Goose, and Lower Monumental reservoirs, and the Hanford Reach.

By 2002 we,

· Maintained increases in abundance of white sturgeon in The Dalles and John Day reservoirs, which again was attributable to intensive harvest management and reduced exploitation;

· Developed a discriminant function analysis model to predict white sturgeon sex and stage of maturity using blood plasma indicators, sex steroids and calcium, and fork length;  

· Implemented an annual sampling program to index relative abundance for age-0 white sturgeon;

· Included annual transplants of white sturgeon from below Bonneville Dam to The Dalles and John Day reservoirs as an ongoing component of the project;

· Initiated work to evaluate the feasibility of using hatchery-reared white sturgeon to supplement depressed populations;

· Completed index sampling to develop initial descriptions of white sturgeon populations in Rock Island Reservoir, Lake Rufus Woods, and Lake Roosevelt.

Adaptive Management Implications

Work to evaluate and mitigate the effects of the hydropower system on white sturgeon has been systematic, comprehensive, and beneficial.  Efforts began with Project 198301200, White Sturgeon Workshop, which resulted in establishing research needs for white sturgeon.  Project 198331600, Columbia River White Sturgeon Study, focused on the responses of young sturgeon to changes in temperature and flow, and addressed the potential for artificial propagation.  Project 198506400, Develop Work Plan for Sturgeon Research, was the final step before funding of the comprehensive Project 198605000, Status and Habitat Requirements of White Sturgeon Populations in the Columbia River Downstream from McNary Dam.  This project is now titled White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam.  

The evolution of this project through its phases is the best indication of adaptive management.  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 (1) intensify management of fisheries for impounded populations, (2) evaluate if augmented river discharge in May and June improves spawning and recruitment, (3) evaluate the feasibility of enhancing depleted populations by transplanting juvenile white sturgeon from populations downstream from Bonneville Dam, (4) identify habitat requirements of subadult and adult white sturgeon, quantify amounts of suitable habitat, and evaluate constraints on enhancement, (5) refine and evaluate hatchery technology for enhancement of threatened populations of white sturgeon, and (6) investigate the need and potential measures for protecting and enhancing populations upstream from McNary Dam. 

Management of and further research on white sturgeon in the lower Columbia and Snake rivers since 1992 has been based on these recommendations.  Intensive management of fisheries in Bonneville, The Dalles, and John Day reservoirs is ongoing, as are annual transplants of up to 10,000 juvenile fish from below Bonneville Dam to The Dalles and John Day reservoirs.  Response of populations to these activities is monitored.  In addition, work to refine and evaluate hatchery technology has begun.  Hatchery-reared white sturgeon will be released into Rock Island Reservoir (or, if necessary, an appropriate alternative reservoir such as Lower Monumental Reservoir) at various ages, and survival will be compared among release (age) groups.  Finally, general and specific operations of the hydropower system to enhance physical habitat conditions for white sturgeon have been identified.  Success of spawning and survival of larval white sturgeon are monitored each year through sampling for age-0 fish in Bonneville, The Dalles, John Day, McNary, Ice Harbor, and Little Goose reservoirs.

Findings from the project have provided and will continue to provide fishery managers with the opportunity for adaptive management.  The need for intensive management of fisheries in impoundments was made clear by project findings, and the added effort for intensive management is part of the project.  Future decisions regarding harvest management of white sturgeon in the lower Columbia River will rely on continued population assessments.  In addition, if artificial propagation is used in the future to supplement depleted populations of white sturgeon, results from hatchery release experiments will be used to determine the best age-at-release.  Finally, information collected on white sturgeon recruitment may play a role in decisions regarding future operation of the hydropower system.

Years Underway and Past Costs

	Fiscal year
	Approved budget
	Carry over funds
	New funds
	Cumulative funds

	1986
	$400,044
	$0
	$400,044
	$400,044

	1987
	$1,256,403
	$0
	$1,256,403
	$1,656,477

	1988
	No new funds
	
	
	

	1989
	$1,167,071
	$120,000
	$1,047,071
	$2,703,518

	1990
	$1,177,143
	$50,000
	$1,127,143
	$3,830,661

	1991
	$1,203,176
	$0
	$1,203,176
	$5,033,837

	1992
	$681,200
	$0
	$681,200
	$5,715,037

	1993
	$819,500
	$0
	$819,500
	$6,534,537

	1994
	$1,489,302
	$0
	$1,489,302
	$8,023,839

	1995
	$2,065,723
	$69,800
	$1,995,923
	$10,019,762

	1996
	$2,454,200
	$267,104
	$2,187,096
	$12,206,858

	1997
	$2,127,743
	$75,686
	$2,051,057
	$14,257,915

	1998
	$2,023,562
	$0
	$2,023,562
	$16,281,477

	1999
	$1,964,528
	$650,000
	$1,314,528
	$17,596,005

	2000
	$1,934,266
	$600,000
	$1,334,266
	$18,930,271

	2001
	$2,010,872
	$400,000
	$1,610,872
	$20,541,143

	2002
	$1,907,980
	$0
	$1,907,980
	$22,449,123


f. Proposal objectives, tasks and methods
This project seeks to ensure healthy populations of white sturgeon so that harvest opportunities for tribal and recreational fishers are sustained.  To accomplish this, white sturgeon stocks in already productive areas will need to be intensively managed to maintain production, while depressed stocks in other areas will need to be rebuilt through a variety of measures.  This project addresses requirements for management of existing fisheries, research to determine factors limiting production in depressed stocks, and implementation of management activities resulting from research on methods to rebuild depressed stocks.   Monitoring of stocks and evaluation of management actions are critical components of this project.

Specific project goals are to (1) implement and evaluate measures to protect and restore white sturgeon populations downstream from McNary Dam, and (2) determine the need and identify potential measures to protect and restore white sturgeon populations upstream from McNary Dam.  The objectives for 2003-05 include a range of specific tasks that include mitigation actions, monitoring the effects of mitigation actions, and research.  Taken together, the objectives are designed to restore white sturgeon populations in impounded areas so that they can sustain annual harvest or use equivalent to 5 kg/hectare of surface area (Beamesderfer et al. 1995; Columbia Basin Fish and Wildlife Authority 1997).   

This project is a critical component of the White Sturgeon Program Summary as well as pertinent subbasin summaries.  Continuation of the project is listed as a future need in the White Sturgeon Program Summary: “The consequences to white sturgeon are severe if project 198605000 is not continued.  Without intensive management, current levels of harvest cannot be maintained, and potential future increases will be precluded.  Production of white sturgeon in most reservoirs will remain extremely limited, and abundance of severely depressed populations will remain critically low.  Production will be limited by operation of the hydropower system, and abundance will remain low because depressed reservoir populations will not be supplemented.  White sturgeon is a species of historic commercial, recreational, and tribal importance, and loss of these populations is significant and unacceptable.  Closure of fisheries would likely result in litigation; therefore, annual funding is essential to maintain and increase current harvest levels.”

Objectives

Objective 1
Implement actions annually that do not involve changes to hydropower system operation and configuration to mitigate for lost white sturgeon productivity.

Objective 2
Recommend actions that involve changes to hydropower system operation and configuration to optimize conditions for white sturgeon.

Objective 3
Monitor and evaluate actions to mitigate for lost white sturgeon production due to development, operation, and configuration of the hydropower system.

Tasks and Methods

Objective 1
Implement actions that do not involve changes to hydropower system operation and configuration to mitigate for lost white sturgeon productivity.

Task 1a
Annually transplant up to 10,000 juvenile white sturgeon from areas downstream from Bonneville Dam to The Dalles and John Day reservoirs.  

Overview
This task is coordinated by ODFW.  Up to 10,000 juvenile white sturgeon are collected each year downstream from Bonneville Dam by trawling, marked to indicate year of transplant, then transported and released in either The Dalles or John Day reservoirs.  Transplants began with experimental releases in 1994 and 1995, and became an annual mitigation activity in 1998.  The critical assumption is that transported fish will provide opportunities for increased harvest and supplement broodstock recruitment in each reservoir.  Recoveries of marked transplants in periodic stock assessments in The Dalles and John Day reservoirs provide information on average growth, relative abundance, and contribution to the overall population in each reservoir.  Findings from these assessments will include recommendations for continuing or modifying future transplant efforts.

Specific Methods
A private trawler is subcontracted to capture juvenile white sturgeon in the Columbia River downstream from Bonneville Dam (river mile 130 - 132).  Using a 7.9-m semi-balloon shrimp trawl with 38-mm mesh (stretched measure), the contractor conducts bottom trawls 4 days per week for four weeks beginning in mid October.  Each trawl effort is approximately 20 minutes, with the first trawl conducted at dawn.  After each trawl, all fish collected are loaded into 300-L flow-through tanks onboard the trawling vessel.  When the tanks are full, fish are off-loaded to be processed by the ODFW crew.

During trawling, the ODFW crew is stationed on a barge positioned on the shore, near the trawling area.  The barge is placed in position by a contracted tugboat.  A fish transport truck is also positioned on the barge.  When the trawler approaches with full tanks, personnel on the barge assist the trawler crew in transferring fish to 300-L flow-through tanks on the barge.  When transferring fish, incidental catch (fish other than white sturgeon) are placed in a separate tank to be identified, counted, and released.

All white sturgeon are counted and measured.  Fish between 30-cm and 90-cm fork length are marked (removal of a scute) to indicate year of transplant, and placed in the transport truck.  Fork lengths of the first 100 fish captured and transported are recorded each day.  Fish less than 30 cm or greater than 90 cm are released.  Periodically during each day, the crew checks, and adjusts if necessary, dissolved oxygen levels and temperatures in the transport vehicle.  

Upon reaching the daily capacity (about 1,400 fish), or at the scheduled departure time (mid afternoon) the barge is moved to a boat ramp at river mile 140.  The transport truck is driven off the barge and the fish are transported to selected release sites in The Dalles (approximately ¼ of fish transported) and John Day (approximately ¾ of fish transported) reservoirs.  

Sample Size
A maximum target of transporting up to 10,000 fish annually was selected because (1) based on initial efforts in 1994 and 1995, it appeared feasible to collect, process, and transport 10,000 fish within a 4-week period, (2) 10,000 juvenile fish constitutes an extremely small fraction of the white sturgeon population downstream from Bonneville Dam, and (3) although annual transport of 10,000 fish will not provide full seeding, it will provide opportunities for increased harvest and supplement broodstock recruitment in each reservoir.  Actual number of fish transported since 1998 has not approached the maximum goal of 10,000: 

	Year
	The Dalles
	John Day
	Total

	1998
	3,257
	5,534
	8,791

	1999
	77
	4,171
	4,248

	2000
	1,163
	4,019
	5,182

	2001
	1,262
	5,227
	6,489

	Total
	5,759
	18,951
	24,710


Monitoring and Evaluation
Before being implemented annually as a mitigation activity in 1998, transportation began with experimental releases into The Dalles Reservoir of 2,935 fish in 1994 and 5,611 fish in 1995.  Transported fish demonstrated excellent survival and growth one and two years later (Rien and North In Press).  

Recoveries of marked transplants in periodic stock assessments in The Dalles and John Day reservoirs (conducted in each reservoir every 3 years; see Task 3a) provide information on average growth, relative abundance, and contribution of transported fish to the overall population in each reservoir.  These findings are used to monitor the effectiveness of transplanting white sturgeon.  Stock assessments were conducted in John Day Reservoir in 2001 and will be conducted in The Dalles Reservoir in 2002.  Analysis of the contribution of transported fish to populations in these reservoirs will be complete after 2002.  Findings will include recommendations for continuing or modifying future efforts.

Task 1b
Collect, hold, and spawn wild white sturgeon to produce age-specific cohorts and evaluate the feasibility of using artificial propagation as a mitigation tool.

Overview
The CRITFC is the lead investigator on this task.  The USFWS also plays an important role because rearing will be conducted at the Abernathy Salmon Culture Technology Center (AFTC).  The purpose of this task is to develop techniques and protocols in preparation for supplementing white sturgeon populations in areas of the Columbia and Snake rivers where recruitment has been lost due to development and operation of the hydropower system.  Critical assumptions are that the program will help determine (1) the best method for the propagation of juvenile white sturgeon, and 2) how supplementation of juvenile white sturgeon can be best used to mitigate for lost productivity due to the hydropower system. 

Relatively small numbers of juveniles will be released into Rock Island Reservoir (or, if necessary, an appropriate alternative reservoir such as Lower Monumental Reservoir), which was chosen because of the lack of white sturgeon recruitment, and its relatively small size.  Juvenile releases will occur at three specific age classes: age-0, age-1, and age-2.  Evaluation will occur in two phases: (1) monitoring downstream entrainment rates and dam passage mortality of released fish within 2 years of initial releases using radio-telemetry and/or sonic tags, and (2) comparing survival and growth among release strategies (ages at release) 1-2 years after the final release.

Broodstock collection and spawning activities began in FY1999 and will continue through FY2003.  Limited releases of hatchery-reared fish will occur from FY2003 through FY2006.  Evaluation of the effectiveness of various release strategies (age of fish at release) will occur from FY2007 through FY2009. Note: A female was successfully spawned in 2001, but due to substantial losses of juveniles this past winter, there will only be sufficient numbers to release them at age-2 (scheduled for 2004); thus, we will not be releasing any fish in 2002.

Specific Methods
Broodstock Collection-All broodstock are wild fish captured from McNary Reservoir during set lining by CRITFC and WDFW.  Males and females are captured from February through May in areas containing pre-spawning aggregations confirmed by the previous three years of broodstock sampling.  Annual collection of late vitellogenic females and reproductively mature males from these areas, and subsequent spawning of these fish in the hatchery suggested that fish spawning throughout the entire spawning season congregated simultaneously in these same areas prior to spawning. Thus, the broodstock-sampling regime incorporates spawning fish from the duration of the spawning run.  

To identify potential broodstock in the field, all captured fish are surgically biopsied to determine sex and gonad maturation stage (Conte et al. 1988).  Sex and reproductive development is determined by visual observation of gonadal tissues through a 2-3 cm midline incision on the ventral surface of the fish.  Reproductive development of males and females is categorized according to criteria reported by Conte et al. (1988). Every broodstock-size fish collected is measured to the nearest cm by fork length and total length, checked for recapture, and if not a recapture, marked with an individual scute mark and a PIT tag. The removal of a scute (i.e. the second left scute from the opercal opening) indicates the presence of a PIT tag in that particular fish. Once sex and reproductive status is determined, fish are either brought to the hatchery for subsequent spawning or released back into the river.  

Potential broodstock are directly transferred from the boat to an enclosed fiberglass transport tank mounted on a trailer for transfer to the holding and spawning facility at the McNary Dam juvenile fish facility (JFF).  Aeration and bottled oxygen maintain optimal dissolved oxygen levels for the fish prior to and during transport to the to the JFF (i.e. 30 minutes).  River water for the tank is obtained daily from the McNary JFF prior to each days sampling activity.

Holding and Spawning- Females and males are held separately in circular fiberglass tanks (3.05 m diameter x 1.2m deep) with no more than 6 males to a tank and 2 females to a tank.  Water supplied to the broodstock is raw Columbia River water delivered via gravity feed or from submersible pumps in a flow-through design for each tank.  Each tank is plumbed independently with water depth controlled by an external standpipe design.  Water exchange is provided at approximately 10 to 15 volumes per day and O2 is maintained at approximately 5.0 mg/L or greater.  Gravity feed water, the primary water source, is supplied from excess juvenile bypass flows (e.g. not water used to for smolt holding or transport to barges). In the event of disruption of this primary source, two redundant 1 horsepower submersible water pumps are directly wired and activated by a flow switch to provide a seamless backup water source if necessary.   Broodstock are generally held for 2 to 4 months for final gonad maturation and spawning.  All broodstock are returned to the river within one month after spawning.  

Oocytes from female broodstock held in the hatchery are evaluated periodically to estimate timing of final maturation.  This evaluation allows researchers to more precisely determine the proper time to initiate spawning of each individual female. Germinal vesicle breakdown (GVDB, Conte et al. 1988) and Polarization Index (PI) values (VanEenennaam et al. 1996) are calculated at least twice for at least 20 oocytes from each female brood fish prior to spawning.  Selection criteria for female broodstock include > 80% GVDB and PI values of < 0.10.  All selected female broodstock meeting these criteria receive two doses of synthetic ovulatory (releasing) hormone LHRHa at 20ug/kg body weight: (1) an initial dose (10% of total calculated dose), and (2) a resolving dose (90% of total calculated dose) at 12 hour intervals.  Males receive a single LHRHa injection of 10ug/kg body weight.  A minimum water-activated sperm motility period of 2 min, verified under a dissecting microscope, and a high ratio of activated to non-activated sperm are required to designate viable sperm samples (Conte et al. 1988). 

Sperm is collected from males and is stored at 4oC in oxygenated re-sealable 3.8 l plastic bags approximately 24-48 hours prior to the initiation of the hormone injections for the female sturgeon.  To maintain the sperm at approximately 4oC, the bags are stored over ice, with no direct ice contact, in a closed cooler.  Oxygen is replaced every 24 hours and milt agitated three times during the day.

Eggs are removed solely by hand stripping (Siple and Anders 1993) to minimize the stress experienced by the broodstock.  Hand stripping of sturgeon does not result in a complete collection of all eggs as with salmonids, but given the large numbers generally present (e.g. >500,000) in the size of the female sturgeon that we spawn (TL 154-244 cm) we are able to gather 40,000 to 80,000 eggs necessary for our needs with minimal effort and stress to the fish.  Eggs are collected within 48 hours post-ovulation after the LHRHa resolving dose, characterized by several hundred eggs visible on the bottom of the spawning tank.  Eggs are fertilized, volumetrically quantified, de-adhesed with Fuller’s Earth or fine powdered clay, and incubated in modified MacDonald hatching jars (Conte et al. 1988).

Incubation and Rearing-Immediately after being placed in hatching jars, fertilized eggs are moved to the AFTC.  The AFTC is located on Abernathy Creek, 4.8 kilometers upstream of its confluence with the Columbia River at river kilometer 91.7, west of Longview, Washington. Each MacDonald jar generally receives 5,000 to 25,000 fertilized eggs and flow is adjusted to maintain a 30-40% exchange per minute.  Water flow through the hatching jars provides a gentle rolling of the eggs, which allows oxygen to reach all eggs in each jar.  Eggs typically hatch within 10 to 14 days at 12.5oC.  Upon hatching, fry swim up and exit the MacDonald jars with the effluent water and are deposited directly into rectangular fiberglass fry collection troughs (480 cm long x 40.6 cm wide x 38.1 cm deep).  Upon completion of hatching, larvae are transferred to fiberglass circular tanks.  At 4 months post-fertilization juveniles are transferred to concrete raceways to be reared for 1-3 years.  
Larval, fingerling, and juvenile densities are maintained below 225 g of fish per cubic foot of water as a precaution against density-dependent, stress-induced disease outbreaks.  Temperature of well water used in rearing remains fairly constant at approximately 12.5oC.  When larvae are ready to initiate exogenous feeding (2-3 weeks of age), they are started on commercial grade trout starter feed (soft moist).  As they grow, they are fed commercial grade trout food (soft-moist) throughout their time in the hatchery and food size is adjusted for fish size.  Feeding rates are decreased during the fall/winter months.
Release-All releases of hatchery-reared white sturgeon are experimental, to assess survival of various release groups.  Fish will be PIT-tagged and marked to identify year class and age at release. The original strategy was to rear and release a total of nine groups from 3 separate brood years: 3 groups of age-0, 3 groups of age-1, and 3 groups of age-2. Originally scheduled to begin in 2002, releases will now begin in 2003 and extend through 2006, as the losses of juveniles from the 2001 spawning will limit that brood year to a single release of juveniles in 2004, for a potential total of 7 age specific release groups from 3 spawning years:

	Age Class
	Maximum Number
	Size
	Release Date
	Location

	Fingerling (Age-0)
	12,000        (FY 2003-04)
	25-35 cm TL
	Late June or Early July
	Upper mile of Rock Island Pool

	Yearling (Age-1)
	6,000           (FY 2004-05)
	Est. 30-45 cm TL
	Same as Age-0
	Same as Age-0

	Age-2
	4,500           (FY 2004-06)
	Est. 40-60 cm TL
	Same as Age-0
	Same as Age-0


Release protocols will depend upon the size of the fish and water conditions.  Emphasis will be on maintaining a minimal level of stress and handling during the release.  We plan to do shore-based releases from the transport tank and/or fish liberation trucks for age-0 fish, due to their relatively small size and higher numbers.  As fish increase in size, water-based releases using boats, oxygenated totes, and livewells will likely be employed.  

Fish will not be acclimated in a pen or other holding facility.  Water temperatures will be similar (+/- 3o degrees C) between the hatchery water temperature and the river water temperature.

Sample Size
Forty three males and eight females have been collected for broodstock since 1999:

	Year
	Males
	Females

	1999
	6
	2

	2000
	14
	2

	2001
	23
	4


The actual sample size each year is dictated by fishing success.  The target number for collection each year is 24 males and 6 females.  This number allows for several potential crosses and the likely possibility that some females will not be sexually mature enough to spawn or will undergo re-absorption of the eggs or atresia.  The timing of male and female synchronous spawning is addressed by having as many spawning males and females as reasonable for the space we have at McNary JFF.  Juvenile rearing room at AFTC also limits the number of potential male and female spawning combinations.  This is a research project and as such we want to learn as much as possible about holding, maturing and spawning white sturgeon, while producing sufficient numbers of juvenile sturgeon for our research design.  The number of  broodstock we use in our program represents a very small percentage of the estimated number of adult sturgeon that may spawn in any given year.  This “borrowing” of adult sturgeon for our research efforts will have no detrimental effect on the McNary Reservoir white sturgeon population and will likely benefit numerous other populations of sturgeon upstream of McNary Reservoir. 

Release sizes of age-0, 1, and 2-year-old white sturgeon were chosen to address several issues.  The primary reason for specific sample sizes by age class is statistical validity during the monitoring and evaluation (phase 2 below) of this project.  To estimate mortality and entrainment, it is desirable to have sufficient numbers of juvenile sturgeon available for mark/recapture efforts to estimate the remaining numbers of fish by age class.  We used the assumptions detailed in Rien and North (In Press), survival rates of juvenile white sturgeon as described in the Kootenai River White Sturgeon Recovery Plan (USFWS 1999), and the surface hectares of Rock Island reservoir.  

Thousands of sturgeon present at age-1 through age-3 will only number in the dozens to at the most a few hundred by the time they reach sexual maturity at 20-25 years of age.  If this research had been conducted in any of the larger reservoirs immediately upstream or downstream of Rock Island reservoir the numbers of juvenile sturgeon necessary for a statistically valid study would have numbered in the high 10’s of thousands per age class per year.  A minimum number needed to address factors such as survival and condition was chosen for each year based on supplementation trawl and haul recovery data in John Day and The Dalles reservoirs and known survival rates.  

Monitoring and Evaluation
A comprehensive monitoring and evaluation of hatchery fish in the wild following release will be implemented.  Evaluation will occur in two phases: (1) monitoring downstream entrainment rates and dam passage mortality of released fish within 2 years of initial releases, and (2) comparing survival and growth among release strategies (ages at release) 1-2 years after the final release.

Phase 1–This effort is designed to provide some early information regarding behavior of the age-specific groups of hatchery white sturgeon released into the Columbia River from 2003 though 2006. We will use sonic telemetry in 2004 to evaluate within-reservoir survival and downstream entrainment rate into Wanapum Reservoir.  Up-river migration is likely to be minimal because there is no upstream passage designed for white sturgeon, and tag recoveries from extensive tagging studies in Zone 6 reservoirs indicate very little upstream movement (North et. al. 1993).   

We will surgically implant sonic transmitters into 75 juvenile white sturgeon, including 25 fish in each of the 0, 1, and 2 age groups.  All tagging procedures will be performed at Abernathy Fish Technology Facility.  All releases will be in the upper section of Rock Island Reservoir using the same methods as our larger releases.  A telemetry array using Vemco stationary data loggers will be set into place via boat and anchored below the water surface.  Data loggers will be located approximately every 1.5 miles throughout the reservoir and also just below Wanapum Dam. This array will allow us to detect movements, overall dispersal patterns, survival, entrainment rate through Wanapum Dam, and possibly reveal mortality due to dam entrainment.

Data loggers will be down loaded at regular intervals depending on project needs. Manual tracking of tagged fish will be performed on a limited and discretionary basis. This project is designed to last no more than 6 months due to the small tag size required for juvenile white sturgeon limiting tag life expectancy to approximately 6 months.
Phase 2–Two years of field sampling (2007 and 2009) with gill nets will be implemented to recapture and evaluate hatchery-reared fish and any wild-produced fish.  Data on numbers, lengths, weights, and marks will be used to estimate survival and growth rates.  Comparison of wild numbers, if any, with known hatchery release numbers will also provide empirical estimates of natural recruitment rate.  Growth and condition factors will also provide an index of density dependent effects that could affect productivity of the wild population. Some of the hatchery reared fish may be lethally sampled for diet analysis, age validation, and internal movement of implanted PIT tags. 

The evaluation will be timed so that it does not affect migrating salmonids.  These efforts will be implemented in late fall and early winter which will nearly eliminate any handling of adult salmonids and will also reduce losses of captured juvenile white sturgeon.  Given the relatively small size of released sturgeon, gill net mesh size will likely be the same size as that currently used to assess age-0 recruitment in selected Columbia and Snake river reservoirs (see Task 3c in this proposal). This will allow us to use existing nets, boats, and other sampling equipment and minimize additional costs to the project. This gear is also been shown to be of minimal risk to adult salmonids (Tom Rien, ODFW, personal communication).

Task 1c
Continue intensive fisheries management and monitoring of harvest in Bonneville, The Dalles, and John Day reservoirs 

Overview

WDFW will be the lead agency in directing Zone 6 (Bonneville Dam to McNary Dam) recreational-fishery sampling and estimating white sturgeon harvest.  ODFW will assist with monitoring recreational harvest, and CRITFC will assist with sampling the commercial fishery to estimate harvest.  Intensive management of sturgeon fisheries in Bonneville, The Dalles, and John Day reservoirs has been ongoing since 1993.  Critical assumptions are (1) the hydropower system has decreased productivity of impounded sturgeon populations, and (2) intensive management is needed to ensure recovery of sturgeon populations while still allowing harvest.

Specific Methods

Sport Harvest-Sport harvest is monitored by methods similar to those used since 1995 (James et al.  1996).  Sampling is conducted in Bonneville and The Dalles reservoirs, and that portion of John Day Reservoir downstream from McNary Dam to Arlington, Oregon, by two creel samplers hired by ODFW and three creel samplers hired by WDFW.  A WDFW biologist coordinates sampling activities. 

Surveys are limited to legal angling hours for white sturgeon (one hour before sunrise to one hour after sunset).  Angling effort (hours) is estimated by counting anglers within representative index areas for each reservoir and expanding those counts to the entire reservoir by using aerial counts of angling pressure.  Counts are made of all bank anglers and sport-fishing boats within each index area.  Average numbers of anglers per boat are determined from angler interviews.  Angling pressure within index areas is counted once a day between 1000 and 1300 hrs.  The proportion of the day’s total angling effort represented by the count is calculated from average daily angling pressure distributions derived from prior years’ data when systematic counts were made throughout the day.  Index to non-index pressure distribution patterns are obtained from prior aerial survey data.

Harvest estimates for boat anglers are calculated as the product of observed catch per hour for boat anglers within a reservoir subsection and total estimated effort for boat anglers for that subsection.  White sturgeon harvest by bank anglers is calculated in a different manner.  The one fish daily bag limit, enacted in 1991 for The Dalles and John Day reservoirs and in April 1996 for Bonneville Reservoir, makes it likely that some successful bank anglers leave the river before they can be interviewed, thus biasing our estimate of harvest per hour of bank angling effort.  Boat angler catch per hour of effort was not biased by the one fish daily bag limit because we only interview boat anglers after they have completed their trip.  Therefore, we calculate reservoir-specific ratios of boat angler harvest per unit effort (HPUE) vs. bank angler HPUE for years prior to one fish bag limits (1993-95 for Bonneville Reservoir, 1988-89 for The Dalles Reservoir, and 1989-90 for John Day Reservoir).  The year-specific boat angler HPUE is used to adjust the year-specific bank angling HPUE such that boat HPUE vs. bank HPUE matches the pre-one fish daily limit ratio. 

Harvest estimates are derived for each angling method (bank/boat), reservoir subsection, and weekend/weekday type to account for differential catch and sampling rates.  Harvest and angling effort estimates are derived weekly.

Treaty Indian Commercial and Subsistence Harvest–Harvest of white sturgeon in Zone 6 treaty Indian commercial fisheries is estimated from poundages reported on fish receiving tickets for each gear type.  Poundages of white sturgeon are converted to numbers of fish based on average fish weight observed during random biological sampling of treaty Indian commercial landings by field crews.  Landings by reservoir are estimated from the catch area reported on fish receiving tickets.  The CRITFC uses interviews of treaty Indian fishers to estimate subsistence harvest of white sturgeon.

Objective 2
Recommend actions that involve changes to hydropower system operation and configuration to optimize physical habitat conditions for white sturgeon.

Task 2a
Complete ongoing laboratory experiments and finalize reports and manuscripts from previous laboratory and field studies.  

Overview

During 1995-2002 the USGS conducted several field and laboratory studies designed to provide insight on how hydropower system configuration and operation influence white sturgeon populations.  These included a laboratory study to investigate timing of the development of white sturgeon embryos in relation to incubation temperature (1997-1998), a field telemetry study to determine the habitat use of white sturgeon in the McNary Reservoir including the free-flowing Hanford Reach (1996-1998), a field investigation of movements of pre-spawn and spawning fish in relation to dam operations at John Day Dam (1999-2000), and laboratory studies on the influence of turbidity on the vulnerability of white sturgeon larvae to predation (ongoing).  While findings from these studies are described in the annual reports, it is appropriate to prepare manuscripts for peer review and publication.  This project has a history of producing peer-reviewed research articles.   Project collaborators and funding entities have recognized the need to allot time specifically to produce these products. Publication of these results will help in recovery efforts for white sturgeon throughout the Columbia River Basin. 

Specific Methods
By the end of fiscal year 2002, the USGS will have completed field and laboratory studies addressing several research needs that could be used to develop recommendations that involve changes to hydropower system operation and configuration to optimize physical habitat conditions for white sturgeon.  During fiscal year 2003, the USGS will allocate staff time to prepare manuscripts describing these studies for submission to peer-reviewed journals.   This may entail conducting analyses in addition to those reported in the annual progress reports.  Specifically, the USGS will work on producing the following products:

1. Timing of the development of white sturgeon embryos in relation to incubation temperature– A laboratory study was done during 1997 and 1998 to assess the effects of water temperature on the development of white sturgeon eggs obtained from feral sturgeon in the Columbia, Snake, and Kootenai rivers.   The objective of this work was to describe the variability in developmental stage with time, with the goal of developing confidence intervals for estimates of the time of spawning derived from wild-caught eggs.  A manuscript will be prepared that describes this work.

2. Effects of turbidity and size on vulnerability of age-0 white sturgeon to predation- Laboratory studies in 2000 - 2002 were done to test the hypothesis that predation on larval and age-0 juvenile white sturgeon is not affected by turbidity and to determine the size at which white sturgeon are no longer vulnerable to predation.  Predators used in experiments included prickly sculpin Cottus asper, northern pikeminnow, walleye, and channel catfish Ictalurus punctatus.  These experiments will be completed by the end of fiscal year 2002, and final analysis and reporting of the results will occur in 2003.

3. Habitat use and movements of white sturgeon– A telemetry study done during 1996-1998 resulted in new information on depth, velocity, substrates and geomorphic channel features used by subadult and adult white sturgeon.  A telemetry study that investigated movements of pre-spawning and spawning white sturgeon was done during 1999-2000.  While results of these studies have been provided in the annual progress reports and through several presentations, one or more manuscripts will be prepared for peer review and publication.   

Objective 3
Monitor and evaluate actions to mitigate for lost white sturgeon production due to development, operation, and configuration of the hydropower system.

Task 3a
Monitor the status of white sturgeon populations in Bonneville, The Dalles, and John Day reservoirs.

Overview
This task is conducted by ODFW, WDFW, and CRITFC.  ODFW has lead responsibility for data analysis and reporting of results.  Each year, the status of white sturgeon populations (abundance, size distribution, length-weight relationship, etc.) in Bonneville, The Dalles, or John Day Reservoir is assessed, so that each reservoir is sampled every three years.  Population assessments have been conducted in these reservoirs periodically since 1986.  The critical assumption is that regular monitoring of these populations reveals the effects of mitigation actions (Tasks 1a and 1c) and provides information needed to recommend harvest management actions and further mitigation actions (e.g., continuation or modification of Task 1a).

Specific Methods

We will assess the status of white sturgeon in Bonneville Reservoir in 2003, John Day Reservoir in 2004, and The Dalles Reservoir in 2005.  Initial capture and marking of white sturgeon is coordinated by CRITFC during winter.  Tribal fishers are contracted (specifically for this purpose) to use gillnets (76 to 122 m in length with 20.3 to 25.4-cm stretched mesh) to capture white sturgeon.  Sampling is not random, however, fishers are required to distribute effort throughout each reservoir.  Captured fish are examined for tags, tag scars, fin marks, and scute marks, and fork length (cm) is measured.  White sturgeon over 70 cm are tagged with a 134.2-MHz ISO passive integrated transponder (PIT) tag.  One or two lateral scutes are removed to indicate year in which the fish was tagged and presence of a PIT tag.

Sampling by ODFW and WDFW to mark and release more fish, and to recapture marked fish, is conducted from early May through late August.  Setlines are used because they are less size selective and less damaging to sturgeon than other gears and provide good catch rates of sturgeon with little incidental catch (Elliott and Beamesderfer 1990).  Setlines are equipped with 12/0, 14/0, and 16/0 hooks.  Each line contains 13 hooks each of two sizes and 14 hooks of the remaining size, which is chosen randomly for each line.  Setlines are fished overnight for an average of approximately 24 hrs, and all lines are baited with pickled squid Loligo spp.  The season is divided into three sampling periods and all river miles are sampled during each period.  Sampling within each mile is random (stratified random design).

Fork length (cm) is measured on each fish captured, and each fish is examined for tags, tag scars, fin marks, and scute marks.  A pectoral fin-spine section is removed for aging and a subsample of the catch (up to 30 fish per 20-cm length interval) is weighed.  Fish thought to be previously transplanted (Task 1a) based on marks at capture are also weighed to assess their condition.  White sturgeon over 70 cm are tagged with a 134.2-MHz ISO PIT tag.  One or two lateral scutes are removed to indicate year in which the fish was tagged and presence of a PIT tag.  Existing external tags detected on fish recaptured from previous sampling are removed.  Recaptures are weighed to estimate growth rate.  
Ages of white sturgeon are estimated from thin cross-sections of pectoral fin-spines following procedures outlined in Beamesderfer et al. (1989).  Each fin-spine section is aged twice each by two experienced staff, and up to 20 fish for each 20-cm length interval are aged.  An age-length frequency distribution is developed from these age assignments and added to a database of existing length-at-age information.  We derive a von Bertalanffy age and growth equation using age-at-length data.  

Paired samples of fork length and weight are used to calculate a length-weight regression to estimate weight of fish with known fork length and unknown weight.  Relative weights (Wr) are calculated to assess the relative condition of white sturgeon larger than 70 cm fork length.  We use ANOVA and a Tukey's studentized range test to test for significant differences in relative weights of fish.

Recoveries of PIT-tagged fish from previous years are used to determine movement patterns among reservoirs.  Recaptured fish with known mark histories are grouped according to the year and reservoir in which they were originally marked.  In cases of multiple captures within a year, only the first capture is used to determine movement among reservoirs.

Fish abundance is estimated using a Schnabel multiple mark and recapture estimator (Ricker 1975) for fish in the 70–166 cm size class (Beamesderfer et al. 1995).  After abundance is estimated for fish 70–166 cm, abundance of fish below and above this size class is estimated based on their relative proportion in the catch, adjusted for relative vulnerability of each size to capture by setline as estimated from recapture rates of marked fish.  

Sample Size

Since 1996, we have marked from 3,958 to 6,206 sturgeon during each stock assessment study.  Number of recaptures of these marks has ranged from 219 to 630 fish.  We analyzed all years of available stock assessment data to determine how many recapture periods provided the optimum balance between precision of the estimates and total effort expended.  We determined that effort beyond three recapture periods (one pre-season marking period followed by three recovery periods consisting of one pass through the reservoir each) yielded minimal gains in precision of the estimates in most years.  Future stock assessment sampling will consist of one pre-season marking period (CRITFC) followed by three recapture periods (ODFW and WDFW).

Task 3b
Determine sex, maturational status, and reproductive potential of sturgeon in impounded and unimpounded reaches.

Overview
OSU conducts this task.  A preliminary discriminant function analysis model developed by OSU from 2000-02 suggests that female white sturgeon may be distinguished by stage of maturity (pre-vitellogenic, early vitellogenic, mid-vitellogenic, and migratory nucleus) using plasma testosterone, estradiol, and 11-ketotestosterone.  Work on the model began in 2000.  The critical assumption is that the refinement of this model, development of a similar model for male sturgeon, and understanding the maturation cycle would be extremely useful to management agencies:  If sturgeon can be distinguished by stage of maturity and time to spawning and the spawning interval is known, fisheries managers may accurately estimate spawning frequency and the percentage of the population that will spawn in any given year, thus allowing for the calibration of current population models.

Specific Methods

OSU will obtain paired gonad, blood, mucus, and urine samples from adult white sturgeon from both commercial and recreational fisheries and also by coordination with agency biologists from the ODFW, the WDFW, and CRITFC.  Monitoring of sturgeon will be conducted in each of the three years of the study to determine variation in physiological parameters in relation to major ecosystem factors such as river flow and water temperature.  Field studies will take place at a variety of locations on the Columbia River.  Samples will be obtained from the estuary and in Bonneville, The Dalles, John Day and McNary reservoirs.  Effort in 2003 will result in samples from approximately 100 fish. Effort in 2004 and 2005 will result in samples from approximately 50 fish each year.  Samples from oversize sturgeon will be collected using non-lethal methods.

At OSU, plasma, mucus, and urine samples will be analyzed for sex steroids (testosterone, 11-ketotestosterone, and estradiol) by radioimmunoassay.  Plasma calcium (an indicator of vitellogenesis) will be measured using a Sigma diagnostic kit.  Gonads will be fixed in 10% phosphate-buffered formalin, embedded in paraffin, and serial sections (7 µm) will be taken and stained with hematoxylin and eosin.  Maturational stage of gonad tissue will be determined according to Van Eenennaam and Doroshov (1998).  Gonad samples will also be analyzed for sex ratios and possible intersex fish.  Lectin and lysozyme concentrations in mucus will be measured as a means to assess the status of the nonspecific immune system.  Concentrations of calcium and sex steroids will be compared between sexes, maturational stages, and locations using analysis of variance.  The Discriminant function analysis will be performed to generate a model for distinguishing between sexes and stage of maturity using plasma, mucus, and/or urine sex steroids.

Sample Size

The sample size will allow for collection of paired samples from approximately 50 fish in each stage of development included in the discriminant function analysis by 2005.  For example, pre-vitellogenic, early vitellogenic, mid-vitellogenic, and migratory nucleus (ripe) females are discriminated from one another in the model.  A sample size of 50 in each of these stages of development is critical for discriminating power.  This sample size will allow for individual variation to be built into the model.

Task 3c
Describe annual variation in white sturgeon recruitment using trawls and gill nets and determine if indices from the two gears follow similar trends.

Overview
This task is conducted by the USGS, ODFW, WDFW, and CRITFC.   Each year, bottom trawling is conducted in Bonneville, The Dalles, and John Day reservoirs to document reproductive success (recruitment to age-0).  Systematic trawling has been conducted in Bonneville Reservoir since 1988 and in The Dalles and John Day reservoirs since 1996.  Counihan et al. (1999) developed two indices of abundance that can be derived from this highly skewed data.  However, bottom trawling cannot be conducted in many areas due to bottom topography and excessive water velocities, so in 1998, ODFW, WDFW, and CRITFC began sampling with gill nets in McNary, Ice Harbor, and Little Goose reservoirs to assess reproductive success.  Because of questions on the behavior indices from different gears under varying abundances, gill nets are also fished in The Dalles and John Day reservoirs to determine if trends in the indices are similar between gears.  If trends in abundance derived from gill-net catches match trends derived from trawling, then trawling in The Dalles and John Day reservoirs will be discontinued.  Critical assumptions include (1) catch indices are directly related to age-0 white sturgeon density, and (2) variable water conditions do not bias catches.  USGS has lead responsibility for data analysis and reporting of results of the comparison of gears.

Specific Methods

A 6.2 m high-rise shrimp trawl is fished by USGS during September through October each year.  In Bonneville Reservoir, 11 sites are sampled six times each over a period of 12 to 15 days for a total of 66 tows.  In The Dalles Reservoir, the same trawl is fished at 12 sites twice over a period of four to six days for a total of 24 tows.  In John Day Reservoir, 19 sites are fished twice over a period of six to eight days for a total of 38 tows.  Trawling is conducted in an upstream direction for 10 minutes.  Speed over ground is maintained at approximately 3 km/h measured with a global positioning system (GPS) receiver and distance fished during each tow is determined from the GPS receiver.   The area of riverbed sampled is estimated by multiplying the distance by 4.4 m – the effective fishing width of the trawl.  

All fish captured are counted, measured for fork and total length to the nearest mm, and released.  All white sturgeon are weighed prior to release.  Generally, age-0 white sturgeon are weighed to the nearest 1 g, and larger white sturgeon are weighed to the nearest 5 or 10 g.  Age-0 white sturgeon are discerned from older white sturgeon through length frequency analysis, and two indices of abundance are derived for each gear and reservoir.  The proportion of positive efforts is the ratio of the number of efforts with at least one age-0 white sturgeon to the total number of efforts conducted.  The arithmetic mean of catch per unit effort (CPUE) is the mean of untransformed CPUE data.  For the bottom trawl data, mean CPUE is presented as the number of age-0 white sturgeon per 2,500 m2 of riverbed sampled.  

Gill nets (91.4-m long and 3.7-m deep with 5.1-cm stretched mesh) are fished each year during October and November in The Dalles, John Day, McNary, Ice Harbor, and Little Goose reservoirs by ODFW, WDFW, and CRITFC.  Each reservoir is subdivided into linearly equal quarters, and nets are set in standardized locations within each quarter to facilitate comparisons of catch rates with previous years.  Additionally, sampling in The Dalles and John Day reservoirs is done immediately after trawl sampling to facilitate comparisons between the two methods.  Nets are fished on the river bottom overnight for approximately 22 h.  Each overnight set is classified as a single effort.  Captured fish are examined for tags, tag scars, fin marks, and scute marks, and fork length and total length (mm) are measured.  Up to 30 pectoral fin-spine samples are taken from fish in each 200-mm length interval.  White sturgeon are classified as age-0 based on reservoir-specific age-length relationships developed annually.   Mean catch per unit effort (CPUE) and proportion of positive efforts for white sturgeon are compared among years.  The proportion of positive efforts for age-0 white sturgeon is calculated as the ratio of net sets where at least one age-0 fish was captured to the total number of net sets conducted.

After data from FY 2005 are summarized, the USGS will use correlation analysis to determine if the indices developed from trawling and gill-netting in The Dalles and John Day reservoirs follow similar trends with changes in densities that result from variable recruitment.  Sampling will be conducted with both gears in these reservoirs through at least 2005 to capture variability in recruitment due to environmental conditions.  Sampling with bottom trawls is restricted to areas of suitable bottom topography, and sampling with gill nets is logistically simpler and less expensive than trawling.  If variations in gill-net catches accurately index variations in recruitment (as determined from trawling), then trawling could be discontinued.  The exception will be Bonneville Reservoir, where the bycatch from the trawling has provided a long time series of data on resident fish abundance.  Continuing this trawling may provide insight into fish community dynamics, hydropower system operation, and white sturgeon productivity. 

Sample Size

An ongoing analysis of sample size will help determine the level of effort and years of data needed to achieve adequate statistical power in the comparison among gears.  Target effort for gill-net sampling each year is similar to effort expended in 2000 and 2001.  The target number of sets for The Dalles Reservoir is 32 sets; for John Day Reservoir 40 sets; for McNary Reservoir 24 sets; and for Ice Harbor and Little Goose reservoirs, 36 sets each.  This level of effort was determined by USGS to best match trawl-sampling effort traditionally expended by the USGS, and allow the best comparison and correlation between the two methods.

g. Facilities and equipment
Most major facilities and equipment to be used in the project currently exist and are being used.  The project is headquartered in existing offices of the lead and cooperating agencies.  Staff and facilities associated with the ODFW, WDFW, CRITFC, USGS, USFWS, and OSU collectively provide 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.  All computers have Pentium processors, and are capable of processing large data sets.  Software used for data analyses include SAS, SigmaPlot, Microsoft Excel, and Microsoft Access.

The CRITFC will be using facilities at the AFTC for artificial propagation work.  The AFTC includes an office complex, analytical laboratory, conference building, extended building for nutrition research, a combination hatchery and wet laboratory, a selective spawning building, standby generators, and storage facilities.  Fish culture amenities include two wells with a combined flow of 4,000 gpm of pathogen-free 10-12oC water, 12 raceways, a trapping and holding pond, and other features.  White sturgeon have been on site for approximately 8 years, being used for a variety of nutrition and growth research.  

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.

A variety of boats and sampling gear designed to collect various life stages of white sturgeon are currently used on the project.  Vehicles used include those appropriate for trailering and launching project boats.
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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.

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.

Van Eenennaam, J.P., Webb, M.A.H., Deng, X., Doroshov, S.I., Mayfield, R.B., Cech, Jr, J.J., Hillemeier, D.C., and T.E. Willson. 2001. Artificial spawning and larval rearing of Klamath River green sturgeon. Transactions of the American Fisheries Society 130:159-165.

1

