Table 1 White Sturgeon Monitoring Strategies, Gaps, and Proposed Projects For Each Sub-region

	Management Unit
	List of Critical Projects
	Strategy Statement
	List of Gaps  
	Recommendations  or consolidations
	List of current projects continued/modified and/or New Funding Proposals 

	(A)
	(B)
	(C)
	(D)
	(E)
	(F)

	Zone 6 Sub-region

	Bonneville, The Dalles, John Day Reservoirs 

	VWSP

198660500 – White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam

200850400 – Genetic Stock Structure, Relative Productivity, and Migration (gene Flow) of White Sturgeon among Bonneville, The Dalles, John Day, and McNary Reservoirs in the Lower Mid-Columbia River Region

200715500 – Sturgeon Strategic and Hatchery Master Plan
Hatchery

200850400 – Genetic Stock Structure, Relative Productivity, and Migration (gene Flow) of White Sturgeon among Bonneville, The Dalles, John Day, and McNary Reservoirs in the Lower Mid-Columbia River Region

200715500 – Sturgeon Strategic and Hatchery Master Plan
198660500 – White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam


	VWSP Monitoring
Maintain monitoring approaches that are currently in place for abundance, productivity, spatial structure, and diversity and initiate the proposed efforts to address the identified gaps. 

For each reservoir continue to estimate adult abundance every three years. Sampling for white sturgeon is divided into three periods. During Period 1, gill nets are used to capture white sturgeon; during Periods 2 and 3, baited setlines are used to capture fish. All reservoir sections are sampled during each period, and sampling effort during periods 2 and 3 is distributed equally throughout the reservoirs. Overall adult abundance is estimated by using a Schnabel population estimator on fish in the 70-109 cm FL size class, then using the length-frequency distribution of the setline catch to apportion the Schnabel population estimate by 1 cm increments within the 70-109 cm FL size class. The Schnabel estimate is then expanded to estimate abundance of the remaining size groups based on the relative frequency of these size classes in the total setline catch and after adjusting for size specific differences in gear vulnerability. This method precludes the estimation of 95% confidence intervals for sizes outside of the 70-109 cm FL size class.   

Year-class (length-frequency distribution) should continue to be estimated every three years. The study design and statistical analyses for length-frequency distribution is described in Paragraph 1.

Annual age-0 sampling will continue on an annual basis at specific index sites within each reservoir. Age-0 white sturgeon will be sampled in the fall using gillnets at predetermined sites. Nets will be set overnight at the same site during a week-long period and fished on the bottom for a 24-hour period. Each overnight set will be considered a single unit of effort. All captured fish will be measured to the nearest 1mm FL and examined for marks. Proportion of positive efforts, CPUE, and length frequency of gill net catch will be estimated.
Every three years, assess annual growth, length-weight relationships, and relative weight will be assessed. Annual growth increments (AGI) for white sturgeon will be estimated from recaptures of PIT-tagged fish. Only data from white sturgeon that are marked and recaptured and at large for at least six months between capture events will be included in the analysis. From the set of unique AGI’s, mean AGI values will be calculated by grouping fish into 5 cm FL bins and estimating the mean AGI for each bin. Mean AGI data will then be used to develop functions describing growth of white sturgeon in each reservoir. Parameters for length-weight functions will be derived using nonlinear regression. Relative weight will be estimated based on existing standard weight equations. Analysis of variance and Tukey’s pairwise comparison will be used to test for significant differences in relative weights.   
Up to 1000 juvenile white sturgeon will be sampled annually, for a ten year period, to assess genetic attributes of the white sturgeon populations in each of the reservoirs. Fish will be genotyped at 14 standardized uSAT loci. Population allele frequencies, mean heterozygosity, and private alleles among populations will be calculated. Pairwise genetic distances will be estimated and phylogenetic trees will be constructed. In addition, principle coordinates analysis will be performed using a standardized covariance matrix of genetic distance. Partitioning of within- and among-components of total genetic variation will be analyzed. Population homogeneity, membership coefficients, or fractional membership in K inferred populations for each individual sample in each population will be determined as will levels of gene flow.)   

Sub-adult harvest will continue to be monitored annually. Angling effort (i.e., angler hours) will be estimated by counting anglers within representative index areas and expanding those counts to the entire reservoir using an established relationship derived from previous aerial counts of anglers within and outside established index areas. Counts will be made of all bank anglers and sport fishing boats within an index area. Average number of anglers will be determined from angler interviews. Angling effort within index areas will be counted once a day between 1000 and 1300 hours. The portion of the day’s total angling effort will be calculated from average daily angling effort distributions derived from prior year’s data when systematic counts are made throughout the day. Harvest estimates will be calculated by multiplying observed catch per hour for boat anglers within a reservoir subsection by total estimated effort (i.e., hours) for boat anglers in that subsection. Harvest estimates will be derived for bank and boat anglers, reservoir subsection, and weekend/weekday type to account for differential catch and sampling rates. Harvest and angling effort will be derived for each week. To estimate the number of fish harvested in the tribal commercial fishery, pounds of white sturgeon will be converted, from receiving tickets, to numbers of fish by dividing the total poundage by an average fish weight obtained during random biological sampling of tribal commercial landings. Landings by reservoir will be estimated from the catch area reported on fish receiving tickets.  

	VWSP
· Characterize population dynamics and carrying capacity for each reservoir in Zone 6.

· Determine life stage(s) at which survival limitations (bottlenecks) occur.

· Evaluate the loss of the historic prey base, and the nutritional value of the current prey base on population productivity throughout Zone 6.

· Co-managers would like to understand the level of mortality associated with catch-and-release fisheries and illegal harvest.

· Evaluate the utility of annual effective female population size estimates using nuclear DNA.

· Identify and evaluate traditional and novel capture and/or non-capture population abundance estimate designs for juvenile, sub-adult, and adult white sturgeon in the lower Columbia River reservoirs.

· Determine reservoir specific genetic diversity, broodstock relatedness, population differentiation, and gene flow.

· Improve precision/accuracy of aging white sturgeon. 

· Implement population simulation with updated parameter estimates for survival by size class, age at length, age at maturity, spawning frequency or proportion that contribute to spawning, in order to refine the currently accepted estimate of OSY exploitation rate for the Bonneville Reservoir white sturgeon population.

· Assess the impacts of predation on early-life history stages by sympatric fishes.
· Evaluate the affects of commercial navigation activities, including channel maintenance and commercial navigation on population productivity.

Hatchery 
· Although no hatchery-produced white sturgeon are released in this sub-region, the potential exist that fish from upstream reservoirs (i.e., mid-Columbia River PUD reservoirs) could migrate into the Lower mid-Columbia River Sub-region. Annual monitoring should be conducted to evaluate the presence/absence fish from upstream conservation aquaculture programs.
· Assess the effects of upstream conservation aquaculture and supplementation programs on wild white sturgeon within Zone 6 reservoirs.

Habitat

· Quantify direct hydrosystem mortality caused by specific hydro-operations. Co-managers would like to better understand the mortality factors associated with hydro-operations and have a hydrosystem managed in a manner consistent with recovery of white sturgeon and other native species. Quantify and model the relationships between fish productivity and habitat conditions under shifting hydrographs and thermographs influenced by current and proposed flow scenarios as well as climate change.

· Identify how flow routing and load following operations at hydropower projects influences spawning success below the spillway, power houses, and transition zones, egg deposition, dispersal of free swimming embryos, and access to rearing habitats.

· Determine the affects of habitat fragmentation and corresponding loss of access to ocean environments and nutrients on reproductive potential.

· Evaluate the effects of recently completed construction (e.g., extended spill training wall in the tailrace of The Dalles Dam) on white sturgeon spawning habitat quantity, quality, and distribution.
· Identify critical habitats used by early-life history stages and effects of environmental variable on year-class strength. 

· Conduct water quality (pollutants and contaminants) monitoring at appropriate sites for long-term status and trend, and effectiveness monitoring; assess affects of pollutant and contaminant on survival. 

· Identify seasonal and diel habitat use by various life stages of white sturgeon.

	White Sturgeon  Workgroup Recommendations:
· Any future proposed modifications to hydro-facilities and subsequent operations should include a review by the white sturgeon managers and researchers.

· Investigate the seasonal spatial distribution of white sturgeon in each reservoir in Zone 6

· Evaluate the levels of entrainment at each hydro-facility and the mortality associated with downstream movements through the hydro-facility (turbines).


	VWSP

Current Projects

198660500 – White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam

200850400 – Genetic Stock Structure, Relative Productivity, and Migration (gene Flow) of White Sturgeon among Bonneville, The Dalles, John Day, and McNary Reservoirs in the Lower Mid-Columbia River Region

200715500 – Sturgeon Strategic and Hatchery Master Plan
Proposed Projects (previous review cycles)

200713300 – Systemwide Distribution of Genetic Variation Within and Among Populations of the White Sturgeon (Acipenser tranmontanus)
200714800 – Monitoring and Models for restoration and Adaptive Management of White Sturgeon in the Columbia River Basin

200721300 – Assessing recruitment Failure Across White Sturgeon Populations: Differences in Prey Availability and Physical Habitat Among Areas with Consistent, Inconsistent, and no Annual Recruitment to Age-1

200309400 – Evaluate the Effects of Prey Availability on Recruitment of White Sturgeon in the Columbia River 

200309600 – Determine Effects of Contaminants on White Sturgeon Reproduction and Parental Transfer of Contaminants to Embryos in the Columbia River Basin

Previous Projects
No BPA-funded projects

Hatchery

Current Projects
200850400 – Genetic Stock Structure, Relative Productivity, and Migration (gene Flow) of White Sturgeon among Bonneville, The Dalles, John Day, and McNary Reservoirs in the Lower Mid-Columbia River Region

200715500 – Sturgeon Strategic and Hatchery Master Plan
Proposed Projects (previous review cycles)

None

Previous Projects
No BPA-funded projects

Habitat/Hydro-operations

Current Projects

None

Proposed Projects (previous review cycles)

200308400 – Evaluate White Sturgeon Nutritional Needs and Contaminant Effects Influenced by the Hydroelectric System

Previous Projects
No BPA-funded projects



	Lower Snake River and Hanford Reach Sub-region

	Lake Wallula (McNary)/Hanford Reach, Lake Sakajawea (Ice Harbor), Lake Herbert West (Lower Monumental), Lake Bryan (Little Goose)
	VWSP

198660500 – White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam

200850400 – Genetic Stock Structure, Relative Productivity, and Migration (gene Flow) of White Sturgeon among Bonneville, The Dalles, John Day, and McNary Reservoirs in the Lower Mid-Columbia River Region

200715500 – Sturgeon Strategic and Hatchery Master Plan
Hatchery

200850400 – Genetic Stock Structure, Relative Productivity, and Migration (gene Flow) of White Sturgeon among Bonneville, The Dalles, John Day, and McNary Reservoirs in the Lower Mid-Columbia River Region

200715500 – Sturgeon Strategic and Hatchery Master Plan
198660500 – White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam

Habitat/Hydro-operations
There are no BPA-funded projects
	VWSP Monitoring
Maintain monitoring approaches that are currently in place to annually assess age-0 productivity in Lake Wallula and the Hanford Reach. Efforts should be initiated to begin to implementation of periodical assessments to estimate adult and sub-adult abundance, productivity in the lower Snake River impoundments, spatial structure, and diversity. 

For each reservoir, adult abundance should be estimated periodically. Sampling for white sturgeon would be divided into three periods. During Period 1, gill nets would be used to capture white sturgeon; during Periods 2 and 3, baited setlines would be used to capture fish. All reservoir sections would be sampled during each period, and sampling effort during periods 2 and 3 would be distributed equally throughout the reservoirs. Overall adult abundance would be estimated by using a Schnabel population estimator on fish in the 70-109 cm FL size class, then using the length-frequency distribution of the setline catch to apportion the Schnabel population estimate by 1 cm increments within the 70-109 cm FL size class. The Schnabel estimate would then expanded to estimate abundance of the remaining size groups based on the relative frequency of these size classes in the total setline catch and after adjusting for size specific differences in gear vulnerability. This method precludes the estimation of 95% confidence intervals for sizes outside of the 70-109 cm FL size class.   

Year-class (length-frequency distribution) should be estimated every three years. The study design and statistical analyses for length-frequency distribution is described in Paragraph 1.

Annual age-0 sampling will continue to be conducted annually at specific index sites within Lake Wallula and should be implemented in each reservoir in the lower Snake River. Age-0 white sturgeon are sampled in the fall using gillnets at predetermined sites. Nets are set overnight at the same site during a week-long period and fish on the bottom for a 24-hour period. Each overnight set is considered a single unit of effort. All captured fish are measured to the nearest 1mm FL and examined for marks. Proportion of positive efforts, CPUE, and length frequency of gill net catch are estimated.
Every three years, annual growth, length-weight relationships, and relative weight should be assessed. Annual growth increments (AGI) for white sturgeon would be estimated from recaptures of PIT-tagged fish. Only data from white sturgeon that are marked and recaptured and at large for at least six months between capture events would be included in the analysis.  From the set of unique AGI’s, mean AGI values will be  calculated by grouping fish into 5 cm FL bins and estimating the mean AGI for each bin.  Mean AGI data will then be used to develop functions describing growth of white sturgeon in each reservoir. Parameters for length-weight functions will be derived using nonlinear regression. Relative weight will be estimated based on existing standard weight equations. Analysis of variance and Tukey’s pairwise comparison will be used to test for significant differences in relative weights.   
Up to 1000 juvenile white sturgeon will be sampled annually, for a ten year period, to assess genetic attributes of the white sturgeon population in Lake Wallula / Hanford Reach and should be sampled in each of the lower Snake River reservoirs. Fish will be genotyped at 14 standardized uSAT loci. Population allele frequencies, mean heterozygosity, and private alleles among populations will be calculated. Pairwise genetic distances will be estimated and phylogenetic trees will be constructed. In addition, principle coordinates analysis will be performed using a standardized covariance matrix of genetic distance. Partitioning of within- and among-components of total genetic variation will be analyzed. Population homogeneity, membership coefficients, or fractional membership in K inferred populations for each individual sample in each population will be determined as will levels of gene flow.

	VWSP
· Periodical estimates of adult and sub-adult white sturgeon abundance. 
· Periodical estimations of  white sturgeon year-class (length-frequency distribution) representation

· Periodical estimations of annual growth, length-weight relationships, and relative weight for white sturgeon. 

· Periodical estimations of annual total mortality.
· Characterization of population dynamics and carrying capacity for each reservoir.
· Characterize sustainable harvest rates and potential yield. Implement population simulation with updated parameter estimates for survival by size class, age at length, age at maturity, spawning frequency or proportion that contribute to spawning, in order to refine the currently accepted estimate of OSY exploitation rates for white sturgeon populations.
· Co-managers would like to understand the level of mortality associated with catch-and-release fisheries and illegal harvest.
· Determine life stage(s) at which survival limitations (bottlenecks) occur.
· Evaluate the loss of the historic prey base, and the nutritional value of the current prey base on population productivity.
· Evaluate the utility of annual effective female population size estimates using nuclear DNA.

Hatchery 

· Determine reservoir specific genetic diversity, broodstock relatedness, population differentiation, and gene flow.
· Although no hatchery-produced white sturgeon are released in this sub-region, the potential exist that fish from upstream reservoirs (i.e., mid-Columbia River PUD reservoirs) could migrate into Lake Wallula / Hanford Reach.  Annual monitoring should be conducted to evaluate presence/absence of white sturgeon from upstream aquaculture programs and their impact on wild white sturgeon populations.
· Assess the need for implementation of conservation aquaculture in this sub-region to meet productivity objectives.

Habitat/Hydro-operations
· Quantify direct hydrosystem mortality caused by specific hydro-operations. Co-managers would like to better understand the mortality factors associated with hydro-operations and have a hydrosystem managed in a manner consistent with recovery of white sturgeon and other native species. Quantify and model the relationships between fish productivity and habitat conditions under shifting hydrographs and thermographs influenced by current and proposed flow scenarios as well as climate change.

· Identify how flow routing and load following operations at hydropower projects influences spawning success below the spillway, power houses, and transition zones, egg deposition, dispersal of free swimming embryos, and access to rearing habitats.

· Estimates of direct hydrosystem mortality caused by specific hydro-operations (i.e., start-up and shut-down of turbines).
· Determine the affects of habitat fragmentation and corresponding loss of access to ocean environments and nutrients on reproductive potential.
· Identify critical habitats used by early-life history stages and effects of environmental variable on year-class strength.
· Water quality (pollutants and contaminants) monitoring at appropriate sites for long-term status and trend, and effectiveness monitoring.
· 
	White Sturgeon  Workgroup Recommendations:
In addition to confirming that the on-going work should continue and that the identified monitoring and evaluation gaps should be addressed, the workgroup suggested the following efforts should also be implemented:  
· Implement daily harvest monitoring and manage seasonal harvest according to established sustainable harvest rates. 
· Evaluate the levels of entrainment at each facility and mortality associated with downstream migrations through the hydro-facility (i.e., turbines)

	VWSP

Current Projects

198660500 – White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam

200850400 – Genetic Stock Structure, Relative Productivity, and Migration (gene Flow) of White Sturgeon among Bonneville, The Dalles, John Day, and McNary Reservoirs in the Lower Mid-Columbia River Region

200715500 – Sturgeon Strategic and Hatchery Master Plan
Proposed Projects (previous review cycles)

200713300 – Systemwide Distribution of Genetic Variation Within and Among Populations of the White Sturgeon (Acipenser tranmontanus)

200714800 – Monitoring and Models for restoration and Adaptive Management of White Sturgeon in the Columbia River Basin

200721300 – Assessing recruitment Failure Across White Sturgeon Populations: Differences in Prey Availability and Physical Habitat Among Areas with Consistent, Inconsistent, and no Annual Recruitment to Age-1

200309400 – Evaluate the Effects of Prey Availability on Recruitment of White Sturgeon in the Columbia River 

200309600 – Determine Effects of Contaminants on White Sturgeon Reproduction and Parental Transfer of Contaminants to Embryos in the Columbia River Basin

Previous Projects
No BPA-funded projects

Hatchery

Current Projects
200850400 – Genetic Stock Structure, Relative Productivity, and Migration (gene Flow) of White Sturgeon among Bonneville, The Dalles, John Day, and McNary Reservoirs in the Lower Mid-Columbia River Region

200715500 – Sturgeon Strategic and Hatchery Master Plan
Proposed Projects (previous review cycles)

None

Previous Projects
No BPA-funded projects

Habitat/Hydro-operations

Current Projects

None

Proposed Projects (previous review cycles)

200308400 – Evaluate White Sturgeon Nutritional Needs and Contaminant Effects Influenced by the Hydroelectric System

Previous Projects
No BPA-funded projects



	Mid-Snake River Sub-region

	Hells Canyon, Salmon River, and Brownlee Reservoir
	VWSP
There are no BPA-funded projects. Monitoring efforts will be funded by Idaho Power Company as part of their relicensing agreement.
Hatchery
There are no BPA-funded projects.
Monitoring efforts will be funded by Idaho Power Company as part of their relicensing agreement.
Habitat/Hydro-operations
There are no-BPA-funded projects. Monitoring efforts will be funded by Idaho Power Company as part of their relicensing agreement.
	VWSP Monitoring

Efforts should be initiated to begin to the implementation of periodical assessments to estimate adult, sub-adult and age-0 abundance, productivity, spatial structure, and diversity.  Spot check creel surveys should continue for Brownlee Reservoir as well as the equipment ingestion studies. It is expected that these efforts will likely funded by the Idaho Power Company through their relicensing agreement.
Population surveys are proposed at 5-year intervals to monitor abundance, stock structure, and temporal trends using standardized collection gear (baited setlines) and sampling protocols. Biological metrics will include length, weight, sex, reproductive stage, and fin tissue sample for genetic evaluations. Captured fish will be PIT tagged and externally marked with reach specific scute removal patterns. Random based sampling will be conducted throughout the reach with 5 to 7 mark-recapture passes typically used for population determinations. Abundance (>70 cm TL) will be estimated using individual capture history models (i.e. Program Capture) for closed populations. Relative abundance and distribution of white sturgeon will be computed from setline catch rates (fish/hour). 

Length–frequency histograms (adjusted for gear selectivity) will be used to evaluate population structure and paired lengths (cm) and weights (kg) to calculate a length–weight regression. Relative weights will be calculated to assess the relative condition of white sturgeon (>70 cm) based on standard weight equations. Differences among relative weights will be tested using ANOVA and Tukey’s studentized range test (SAS 2001).  PIT-tag recoveries will be used to evaluate individual observed growth rates and mean annual growth increment by 10 cm bins.
Annual age-0 sampling will be conducted at specific index sites in the Hells Canyon – Lower Granite reach. Sampling timeframes and collection gear will be fished using standardized deployment methods and sampling protocols among index sites.

All age-0 white sturgeon and juveniles will be PIT-tagged, measured, weighed, tissue clipped for DNA, and externally marked with reach specific scute codes.

Age-0 CPUE and length frequency of catch will be used for trend comparison and evaluation of hydrologic conditions among years. 

Age, growth, length-weight, relative weight, etc. parameters will be determined from during the population assessments that are conducted at 10-year intervals to monitor abundance, stock structure, and temporal trends using standardized collection gear (baited setlines) and sampling protocols. See Paragraph 1 for a more detailed description of the study design and proposed statistical analyses. 

Age & growth evaluations will be based on marking and subsequent future recovery of PIT tagged fish. Observed growth of individual white sturgeon and mean annual growth increments (by 10 cm bins) based on PIT tag recovery data. Parameters for length-weight functions will be derived using nonlinear regression. Relative weight will be estimated based on existing standard weight equations. Analysis of variance and Tukey’s pairwise comparison are used to test for significant differences in relative weights.

Fin tissue clips will be taken from all captured WS, stored in 95% ETOH and archived for future genetic evaluations. Fin clips from Snake River white sturgeon (Shoshone Falls to Lower Granite Dam) have been sent to Genomic Variation Laboratory – UC Davis for inclusion in the examination of population structure in white sturgeon across the species range to 1) identify number of spawning populations, 2) identify white sturgeon populations with low genetic diversity, 3) provide baseline for identification of the source of poached sturgeon materials, and 4) potential sources for hatchery supplementation for future management. PCR used with labeled primers for 10-12 microsatellite loci. PCR fragments separated by electrophoresis and alleles scored with Gene-Mapper. Genetic diversity assessed by calculating allelic richness across loci. POPGENE will evaluate pop. structure evaluations by partitioning of genetic variation within and among pops. Population assignments and forensics determinations accomplished by program AFLPOP. DNA data from the Snake River will also be used to develop a genetics management plan specific to Snake River white sturgeon.    
	VWSP

· Periodic estimates of adult white sturgeon abundance, stock structure, and temporal trends. 

· Calculate length-weight regressions and relative weights using paired lengths and weights and standard weight equations, respectively. 

· Estimates of age and growth.
· Genetic characterization of white sturgeon from the Mid-Snake River Sub-region. 

· Estimates of tribal harvest in Hells Canyon and the Salmon River.

· Estimates of mortality and other impacts on white sturgeon in Hells Canyon and the Salmon River that is associated with catch-and-release angling.

· Annual estimates of  age-0 abundance, CPUE, and length frequencies for trend comparisons and comparison of hydrologic conditions among years in Hells canyon and the Salmon River.
· HatcheryAssess the need for implementation of conservation aquaculture
Habitat/Hydro-operations

· Evaluation of the impacts of degraded water quality, in Brownlee Reservoir, on white sturgeon eggs, larval, and young-of-the-year. Egg evaluations should focus on contaminant exposure associated with riverine habitat during spawning and incubation.
· Identify critical habitat used by early-life history stages and effects of environmental variables on year-class strength.
· Assess the toxicity of relevant contaminants on all life stages of white sturgeon
· Estimates of mortality associated with increasing water temperatures for larval and age-0 white sturgeon in Brownlee Reservoir.  
· Quantify and model the relationships between fish productivity and habitat conditions under shifting hydrographs and thermographs influenced by current and proposed flow scenarios as well as climate change.

· Evaluate the affects of flow and flow variability on survival of early life history stages.

· Understand seasonal and diel habitat use by various life stages of white sturgeon with specific consideration of spawning adults.
· Assess entrainment loss of white sturgeon through Lower Granite Dam.


	White Sturgeon  Workgroup Recommendations:
In addition to confirming that the  identified monitoring and evaluation gaps should be addressed, the workgroup suggested the following efforts should also be implemented:  

· A comparison, to other management units, of the amount of fishing equipment (e.g., hooks, swivels, line, etc.) that is ingested by white sturgeon.

· Evaluate the emigration of white sturgeon from Hells canyon through Lower Granite Dam as there is a concern about long-term viability.

· Evaluate the levels of entrainment at each hydro-facility and the mortality associated with downstream movements through the hydro-facility (turbines).


	VWSP

Current Projects

No BPA-funded projects
Monitoring efforts will be funded by Idaho Power Company as part of their relicensing agreement.

Proposed Projects (previous review cycles)
27015 – Develop Long-Term Management Plan for Snake River (Hells Canyon Reach) White Sturgeon

Previous Projects
199700900 – Evaluate Potential Means of Rebuilding Sturgeon Populations in the Snake River Between Lower Granite and Hells Canyon Dams
Hatchery

Current Projects
No BPA-funded projects
Proposed Projects (previous review cycles)

No BPA funded projects
Previous Projects
No BPA-funded projects

Habitat/Hydro-operations

Current Projects

No BPA funded projects

Proposed Projects (previous review cycles)

200302700 – White Sturgeon Put, Grow, and Take Fishery Feasibility Assessment, Oxbow/Hells Canyon Reservoir
Previous Projects
No BPA-funded projects



	Upper Snake River Sub-region

	Swan Falls, C.J. Strike, Bliss, Lower Salmon Falls, and Upper Salmon Falls Reservoirs
	VWSP
There are no BPA-funded projects. Monitoring efforts will be funded By Idaho Power Company as part of their relicensing agreement.

Hatchery
There are no BPA-funded projects.

Monitoring efforts will be funded By Idaho Power Company as part of their relicensing agreement.

Habitat/Hydro-operations
There are no-BPA-funded projects. Monitoring efforts will be funded By Idaho Power Company as part of their relicensing agreement.
	VWSP Monitoring

Maintain monitoring approaches that are currently in place for abundance, productivity, spatial structure, and diversity except for Bliss reservoir where sampling should occur every 3-5 years and initiate the proposed efforts to address the identified gaps. 
Population surveys are conducted at 5-year intervals to monitor abundance, stock structure, and temporal trends using standardized collection gear (i.e., baited setlines) and sampling protocols. Biological metrics include length, weight, sex, reproductive stage, and fin tissue sample for genetic evaluations. Captured fish are PIT tagged and externally marked with reach specific scute removal patterns.  Random based sampling is conducted throughout the reach with 5 to 7 mark-recapture passes typically used for population determinations. Abundance (>70 cm TL) is estimated using individual capture history models (i.e., Program Capture) for closed populations. Relative abundance and distribution of white sturgeon computed from setline catch rates (fish/hour). 
Length–frequency histograms (adjusted for gear selectivity) are used to evaluate population structure and paired lengths (cm) and weights (kg) to calculate a length–weight regression. Relative weights are calculated to assess the relative condition of white sturgeon (>70 cm) based on the standard weight equations. Differences among relative weights are tested using ANOVA and Tukey’s studentized range test (SAS 2001). PIT-tag recoveries are used to evaluate individual observed growth rates and mean annual growth increment by 10 cm bins.
Annual age-0 sampling will continue to be conducted at index sites distributed throughout the reach. Age-0 white sturgeon are sampled in August-September using small mesh gill nets that are fished using standardized deployment methods and sampling effort expended among index sites. All nets are check frequently (~ 1 hour intervals) to prevent unnecessary mortality. Age-0 CPUE and length frequency of gill net catch is determined for trend comparison and evaluation with hydrologic conditions among years. Evaluations may lead to more specific tasks regarding factors affecting year class strength. All Age-0 white sturgeon and small juveniles are PIT-tagged, measured, weighed, tissue clipped for DNA, and externally marked with reach specific scute codes.
To assess the genetic stock structure, fin clips from Snake River white sturgeon (Shoshone Falls to Lower Granite Dam) have been sent to Genomic Variation Laboratory – UC Davis for inclusion in the examination of population structure in white sturgeon across the species range to 1) identify number of spawning populations, 2) identify white sturgeon populations with low genetic diversity, 3) provide baseline for identification of the source of poached sturgeon materials, and 4) potential sources for hatchery supplementation for future management. PCR used with labeled primers for 10-12 microsatellite loci. PCR fragments separated by electrophoresis and alleles scored with Gene-Mapper. Genetic diversity assessed by calculating allelic richness across loci. POPGENE will evaluate pop. structure evaluations by partitioning of genetic variation within and among pops. Population assignments and forensics determinations accomplished by program AFLPOP. DNA data from the Snake River will also be used to develop a genetics management plan specific to Snake River white sturgeon.    

	VWSP
· Influence of lost fishing gear on white sturgeon mortality in Lower Salmon Falls and Upper Salmon Falls reservoirs. 

· Mortality associated with catch-and-release angling (Upper Salmon Falls and Swan Falls reservoirs) 

· For Upper Salmon Falls Reservoir, monitor spawning success by placing spawning mats below Pillar Falls, Auger Falls, Boulder, Empire, and Kanaka rapids. Also, monitor for staging adults at these locations. Surveys that implement spawning mats should also be implemented at Swan Falls Reservoir.

· Evaluate fishing gear restrictions to minimize mortality of white sturgeon from Swan Falls Reservoir.

Hatchery

· Estimates of the percentage of adult hatchery-origin white sturgeon (PIT tagged) to wild adult white sturgeon (non-PIT tagged).

· Influence of escaping hatchery-origin white sturgeon on the wild population in Lower Salmon Falls Reservoir. 

· Growth rate estimates of hatchery produced white sturgeon.

· Reproductive potential of hatchery-origin white sturgeon released into Upper Salmon Falls Reservoir.

· Estimates of the number of entrained of hatchery-origin white sturgeon into Bliss Reservoir.

· Feasibility to supplement the Swan Falls Reservoir white sturgeon population with hatchery produced F1 adults.


	White Sturgeon  Workgroup Recommendations:
In addition to confirming that the  identified monitoring and evaluation gaps should be addressed, the workgroup suggested the following efforts should also be implemented: 
· Efforts should be made to determine, through modeling, how many hatchery-origin fish that escape into the reservoirs reach adulthood.  
· Desired targets for angling success need ot be identified.

· Evaluate the levels of entrainment at each hydro-facility and the mortality associated with downstream movements through the hydro-facility (turbines).


	VWSP

Current Projects

No BPA-funded projects

Monitoring efforts will be funded by Idaho Power Company as part of their relicensing agreement.

Proposed Projects (previous review cycles)
No BPA-funded projects

Previous Projects
No BPA-funded projects

Hatchery

Current Projects
Monitoring efforts will be funded by Idaho Power Company as part of their relicensing agreement.

Proposed Projects (previous review cycles)

No BPA-funded projects

Previous Projects
No BPA-funded projects

Habitat/Hydro-operations

Current Projects

No BPA funded projects

Proposed Projects (previous review cycles)

No BPA-funded projects

Previous Projects
No BPA-funded projects



	Upper Columbia River Sub-region

	Lake Roosevelt
	VWSP

100502700 – Lake Roosevelt White Sturgeon Project
Hatchery

100502700 – Lake Roosevelt White Sturgeon Project


	VWSP Monitoring
Maintain monitoring approaches that are currently in place for abundance, productivity, spatial structure, and diversity and initiate the proposed efforts to address the identified gaps. 
Periodic stock assessment surveys will continue to be utilized to assess sturgeon abundance.  Sturgeon are captured with standardized baited setlines. Sites for setline deployment are selected using a spatially balanced random design (general random tessellation stratified design [GRTS]).  Catch-per-unit-effort and proportion of positive catch per set are used as indices of abundance.  A mark-recapture estimate (Lincoln-Peterson) of abundance was calculated using the 2004 and 2005 setline survey data.

Natural recruitment will continue to be monitored with annual sub-yearling gill net sampling.  Sites for gill net deployment are selected using a spatially balanced random design (general random tessellation stratified design [GRTS]).  Catch-per-unit-effort and proportion of positive catch per set are used as indices of recruitment.

Reproductive potential is considered as the potential number eggs that could be deposited in a given spawning year.  To survey eggs, biopsies are taken from gonadal tissue on a subsample of sturgeons >150 cm FL captured during the periodic stock assessments to estimate rates of ovarian recrudescence, proportion population sexually mature, rates of ovarian atresia, and sex ratio. 

Size structure of the population will continue to be monitored using length data collected during the stock assessment and sub-yearling collections.  Condition will also be monitored by calculating relative weights.

An assessment of the genetic stock structure of the population, with samples from both WA and BC, will continue with UC Davis. Genetic diversity of white sturgeon inhabiting the Transboundary Reach will be described for both the pre-1970 and current white sturgeon samples by estimating the total number of alleles and the number of alleles unique to each temporal group.  If subpopulations are detected, levels of genetic diversity in each subpopulation will be evaluated and compared.  
The historic and current population structure of white sturgeon in the Columbia River upstream of Grand Coulee Dam first will be evaluated using the population assignment program STRUCTURE (Pritchard et al. 2000; Falush et al. 2007).  Individuals from each time period will be examined separately in this analysis.  Population assignment will first be conducted for each sample group (time period) using the admixture model without utilizing geographic information in order to determine the most likely number of populations given the data.  The accuracy of the assignments will be verified and then incorporated into a separate analysis using the determined K to assign individuals to each identified population.    A separate assignment testing program, AFLPOP (Duschesne and Bernatchez, 2002) will be used to corroborate the results delivered by STRUCTURE.

Seasonal movements are monitored with a remote acoustic telemetry array that extends from below Grand Coulee Dam to Keenleyside Dam, BC.  Movements are monitored to determine seasonal distribution, range of movement, interchange between the WA and BC reaches, and spawning behavior. Acoustic transmitters have been surgically implanted in more than 400 sturgeons in WA and BC combined. Monitoring and analysis is ongoing.  Analysis is conducted in consultation with a biometrician.
Spawn monitoring is conducted with artificial substrates to confirm spawning is occurring, which assists with narrowing the life stage at which the recruitment bottleneck is occurring.  We also use the spawn monitoring to identify spawning locations, confirm spawning events, and describe timing/duration of spawning season.  All captured eggs are preserved, examined to determine developmental stage, and measured. Statistical analysis is ongoing and conducted in consultation with a biometrician. 

We utilized D-ring plankton nets and some limited bottom trawling to monitor post hatch sturgeon and also to help narrow the life stage at which the recruitment bottleneck is occurring. All captured eggs, free embryos, and larvae are preserved for developmental staging, measured for length and weight, and examined for anatomical anomalies. The post-hatch monitoring is used to confirm hatching of deposited eggs, describe distribution and drift behavior of embryonic (yolk-sac stage) and larval sturgeon, determine timing of post-hatch drift in relation to egg collections, and describe the life stage at which sturgeon are no longer detected.  We calculate means and standard errors of all measured variables.  Statistical analysis is ongoing and is in coordination with a biometrician.
Sex ratio, age at maturity, and spawning periodicity/recrudescence should be determined, from a sub-sample of white sturgeon in the upper Columbia River, to assist with determination of reproductive potential. Gonadal biopsies will be performed to confirm gender. Sample sizes necessary to achieve desired levels of power and confidence will be determined in consultation with a biometrician and fish managers.

Fecundity should be determined to assist with determination of reproductive potential. Hatchery white sturgeon will be captured and euthanized to estimate fecundity.  Sample sizes necessary to achieve desired levels of power and confidence will be determined in consultation with a biometrician and fish managers.

Hatchery Monitoring 
The conservation aquaculture program which is comprised of the release of 8,000 age-1 white sturgeon (4,000 in both WA and BC) into the upper Columbia River/Lake Roosevelt. Broodstock are collected from the wild population near known spawning areas and are paired using a full or partial factorial mating design. All hatchery-origin white sturgeon that released are batch marked with a scute removal pattern and a PIT tag. 
Abundance and recruitment of hatchery fish is monitored through setline stock assessment and sub-yearling sampling programs. Indices of abundance are CPUE and proportion of positive catch.
Survival is estimated for hatchery origin sturgeon in the Transboundary Reach (Grand Coulee Dam, WA to Keenleyside Dam, BC). Mark-recapture data collected during sub-yearling gill net sampling is supplied to partners in BC to generate survival estimates for hatchery-origin white sturgeon within the first six months post-release and 1.5 to 6 years post-release.  
Habitat/Hydro-operations Monitoring
Conduct side scan sonar and underwater videography surveys to quantify available substrates. 
Conduct multi-beam acoustic survey to map bathymetry. 
Conduct acoustic doppler current profiling to measure velocity and discharge and ultimately, develop hydrodynamic model for the upper Columbia River. 
Model changes in habitat (depth, substrate, velocity) available under various inflow and reservoir elevations.
Develop studies to quantify habitat use by all life stages of sturgeon

	VWSP
· Estimate of system carrying capacity and appropriate target abundance levels.

· Estimates of abundance, in coordinated, manner in both Washington and British Columbia.

· Estimates, in a coordinated manner, survival in Washington and British Columbia.

· Estimates of sex ratios, fecundity, age/size at maturity, and spawning periodicity/recrudescence rates to assist with determination of reproductive potential.

· Quantification of  illegal harvest/fishing.

· Impacts from fisheries for other species (incidental white sturgeon capture/hooking).

· Measures to reduce or eliminate survival limitations.

· Creel surveys.

· Appropriate rates of recreational impact (either harvest or incidental mortality from catch and release angling)
Hatchery

· Estimate of impacts from hatchery stocking on wild white sturgeon – (density dependent affects)
Habitat/Hydro-operations
· Quantify habitat and quantify use by all life stages of white sturgeon.

· Characterize and quantify habitat (substrate type, velocity, bathymetry, and depth under various hydro-operations and seasons).

· Habitat availability for early life stages.

· Contaminant distribution and sturgeon habitat use. Examine overlaps and avoidance.
· Estimates of the toxicity of relevant contaminants on all life stages of sturgeon.

	White Sturgeon  Workgroup Recommendations:
In addition to confirming that the  identified monitoring and evaluation gaps should be addressed, the workgroup suggested the following efforts should also be implemented: 

· Evaluate the levels of entrainment at each hydro-facility and the mortality associated with downstream movements through the hydro-facility (turbines).


	VWSP

Current Projects

100502700 – Lake Roosevelt White Sturgeon Project

Proposed Projects (previous review cycles)
No BPA-funded projects

Previous Projects
No BPA-funded projects

Hatchery

Current Projects
100502700 – Lake Roosevelt White Sturgeon Project

Proposed Projects (previous review cycles)

No BPA-funded projects

Previous Projects
No BPA-funded projects

Habitat/Hydro-operations

Current Projects

100502700 – Lake Roosevelt White Sturgeon Project

Proposed Projects (previous review cycles)

No BPA-funded projects

Previous Projects
No BPA-funded projects



	
	Included in this column are all BPA contracts and other fund sources crucial for continued VWSP, habitat/hydro-operations, and hatchery evaluations 
	Included in this column is a general summary statement of the strategies that are or will be  used to obtain information that pertains to  VWSP and supplementation metrics. 
	Included in this column are information gaps, that if funded, would provide significant improvements to data quality or will provide new VWSP, habitat/hydro-operations, and/ or hatchery information not currently available.
	Included in this column are recommendations the white sturgeon workgroup suggested that the co-managers in the sub-region should consider in addition to attempting to implement actions specific to address the gaps identified in column D.
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