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Lake Roosevelt (Columbia Upper) White Sturgeon Population (VWSP) MONITORING ANALYSIS
VERSION= August 2, 2010

Lake Roosevelt (Columbia Upper) White Sturgeon Management Unit

The following pages are an analysis of ongoing monitoring programs, an evaluation of the quality of the information, and an evaluation of what would be needed to improve the monitoring. Evaluations shown in this document are drawn from the work completed by fish co-managers, FCRP action agencies, Public Utilities, and others.

This evaluation was especially influenced by the participation of the Spokane Tribe of Indians, Washington Department of Fish and Wildlife, and the Colville Confederated Tribes. 
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(Included in this column are projects that should continue to be implemented as well as any project modifications to address significant data gaps or research needs.  Also listed are new proposals that would address data gaps and research needs.) 

	Lake Roosevelt
	
	Achieve and refine target abundance levels (≥5,000 adults achieved through natural spawning/recruitment)
	· Abundance

· Recruitment

· Conservation aquaculture
	· 
	· Periodic stock assessment surveys are 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 is 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.

· Conservation aquaculture program which is comprised of the release of 8,000 Age 1 sturgeon (4,000 in both WA and BC) in to the upper Columbia River/Lake Roosevelt.  Broodstock are collected from the wild population near known spawning areas.  We use a full or partial factorial mating design. All hatchery sturgeon 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.
	· Project 199502700 – Lake Roosevelt White Sturgeon Recovery (BPA-funded)
	· Statistically valid abundance estimate coordinated between WA and BC
· Implement appropriate measures to reduce or eliminate survival limitations.
· Determine system carrying capacity and re-establish appropriate target abundance levels
	· 
	· Abundance should be estimated in a coordinated manner in both WA and BC.  We propose a mark-recapture experiment, with randomly selected sample locations, standardized setline gear, and appropriate evaluation of estimator assumptions.  Study design and analysis would be in coordination with a biometrician. The abundance estimate should be updated periodically (interval to be determined) to ensure maintenance of the target abundance level.

· Implement appropriate measures to reduce survival/recruitment limitations identified under “determine feasibility response measures” objective below.

· A study plan for determining the carrying capacity of white sturgeon in the upper Columbia River has not been developed at this time.
	· Project 199502700 – Lake Roosevelt White Sturgeon Recovery (BPA-funded)

	Lake Roosevelt
	
	Assess population status
	· Abundance

· Survival

· Recruitment

· Reproductive potential

· Size structure/ condition
· Genetic monitoring

· Seasonal movements


	· 
	· Abundance - See “Achieve and refine target abundance levels” section above.
· 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 sturgeons within the first six mo post-release and 1.5 to 6 yr post-release.  
· Recruitment - See “Achieve and refine target abundance levels” section above.
· We define reproductive potential as the potential number eggs that could be deposited in a given spawning year.  We conduct biopsies of 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 is monitored using length data collected during the stock assessment and sub-yearling collections.  Condition is also monitored by calculating relative weights.

· An assessment of the genetic stock structure of the population, with samples from both WA and BC, has been initiated in coordination 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,.  We will verify the accuracy of the assignments and then incorporate sampling information 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.
	· Project 199502700 – Lake Roosevelt White Sturgeon Recovery (BPA-funded)
	· Statistically valid abundance estimate coordinated between WA and BC
· Statistically valid survival estimate coordinated between WA and BC
· Sex ratio

· Fecundity

· Age/size at maturity

· Spawning periodicity/recrudescence
	
	· Abundance - See “Achieve and refine target abundance levels” section above.
· Survival should be estimated in a coordinated manner in both WA and BC for both wild and hatchery sturgeons.  We propose a mark-recapture experiment, with randomly selected sample locations, standardized setline gear, and appropriate evaluation of estimator assumptions.  Study design and analysis would be in coordination with a biometrician. The survival estimate should be updated periodically (interval to be determined) to ensure maintenance of the target abundance level.

· Sex ratio should be determined to assist with determination of reproductive potential.  We propose capturing and conducting gonadal biopsies on a sub-sample of white sturgeon in the upper Columbia River. 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.  We propose capturing and euthanizing mature hatchery sturgeon 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.

· Age/size at maturity should be determined to assist with determination of reproductive potential.  We propose capturing and conducting gonadal biopsies on a sub-sample of white sturgeon in the upper Columbia River. Sample sizes necessary to achieve desired levels of power and confidence will be determined in consultation with a biometrician and fish managers.

· Spawning periodicity/ recrudescence rates should be determined to assist with determination of reproductive potential.  We propose capturing and conducting gonadal biopsies on a sub-sample of white sturgeon in the upper Columbia River. Sample sizes necessary to achieve desired levels of power and confidence will be determined in consultation with a biometrician and fish managers.
	· Project 199502700 – Lake Roosevelt White Sturgeon Recovery (BPA-funded)

	Lake Roosevelt
	
	Prevent further reductions in white sturgeon distribution, abundance, and genetic diversity within the current geographic range
	· Angling closure

· Conservation aquaculture
· Genetic monitoring of hatchery fish to ensure adequate representation of current wild-type genetic diversity/structure

	· 
	· Angling was closed in 2001 and remains closed to prevent any additional population declines.
· Conservation aquaculture is conducted to provide recruitment until such time as natural recruitment could be restored, thus preventing reductions in distribution, abundance, and genetic diversity.  

· Genetic monitoring of the conservation aquaculture program has been initiated to determine if the program is meeting the stated goal of preserving the “current genetic diversity, including rare alleles.” The genetic analysis will be conducted in coordination with the genetic stock assessment work previously described.  
	· Project 199502700 – Lake Roosevelt White Sturgeon Recovery (BPA-funded)
	· Quantify illegal harvest/fishing
· Assess impacts from fisheries for other species (incidental sturgeon capture/hooking)
· Quantify aquatic habitat and quantify use by all life stages of sturgeon
· Evaluate impacts from hatchery stocking on wild white sturgeon – (density dependent affects)
	· 
	· No study design at this time.
· No study design at this time.

· 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 aand 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.
· No study design at this time.
	· Project 199502700 – Lake Roosevelt White Sturgeon Recovery (BPA-funded)
· Colville Tribes MOA?

	Lake Roosevelt
	
	Determine life stage(s)  at which  survival limitations (bottlenecks) occur
	· Spawn Monitoring

· Post-Hatch Monitoring

· YOY (sub-yearling) Monitoring

· Conservation aquaculture


	· 
	· 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.
· Monitoring the survival rate hatchery sturgeons is used to evaluate the life stage at which the recruitment bottleneck is occurring. Six month old and yearling hatchery sturgeons have been released in the study area and are monitored in catch during stock assessments and sub-yearling sampling to determine the size and age at which we can detect recruitment. We estimate survival (using mark-recapture techniques, in partnership with BC researchers), CPUE, and proportion of sets with positive catch for hatchery sturgeons captured during the stock assessment and sub-yearling sampling. Statistical analysis is conducted in coordination with a biometrician.
	· Project 199502700 – Lake Roosevelt White Sturgeon Recovery (BPA-funded)
	· Survival to hatch

· Survival to first feeding

· Survival to sub-yearling juvenile stage
	· 
	· No study design at this time.

· No study design at this time.

· No study design at this time.
	· Project 199502700 – Lake Roosevelt White Sturgeon Recovery (BPA-funded)

	
	
	Determine mechanisms for  survival limitations (bottlenecks) – assumed to apply to early life stages
	· Food availability

· Post-hatch dispersal
	· 
	· We have been conducting assessments of food available to first feeding white sturgeon larvae in the upper Columbia River where they have been captured during the time when they would be present. Potential prey organisms are sampled using artificial substrates (rock baskets), drift nets, and towed nets. Mesh size in the nets is 80 micron to ensure collection of organisms small enough to be consumed by 20 mm SL sturgeon larvae. Samples are collected at randomly selected, near-shore and mid-channel sites.  Sample analysis is ongoing.  Indices of species diversity, absolute density, and relative density will be calculated.  Comparisons will be made between near-shore and mid-channel strata, as well as by location.  Appropriate statistical tests will be determined in consultation with a biometrician.
· We dissect the guts of larvae captured in plankton nets and trawls to determine if they have begun exogenous feeding. All prey items are identified to the lowest taxonomic level possible, quantified, and measured.  Analysis is ongoing and will be coordinated with a biometrician.
	· Project 199502700 – Lake Roosevelt White Sturgeon Recovery (BPA-funded)
	· Characterize and quantify habitat (substrate type, velocity, bathymetry, and depth under various hydro-operations and seasons)

· Determine habitat availability for early life stages

· Free embryo and larval drift char. (temporal, spatial)

· Larval diet

· Contaminant exposure

· Contaminant toxicity

· Contaminant distribution

· Predator abundance

· Predator distribution

· Predator types

· Predator-prey interactions
· Turbidity effects on predation rates
	· 
	· Characterize and quantify habitat – see quantify habitat above.
· Habitat availability for early life stages – see quantify habitat above.
· Conduct D-ring plankton netting.
· Collection of larvae and examination of gut contents.  Experimental feeding of wild caught larvae.
· Determine contaminant distribution and sturgeon habitat use.  Examine overlaps and avoidance.
· Conduct experiments to assess the toxicity of relevant contaminants on all life stages of sturgeon.
· No study design at this time.

· No study design at this time.

· No study design at this time.

· No study design at this time

· No study design at this time.
	· Colville Tribe MOA?

· Project 199502700 – Lake Roosevelt White Sturgeon Recovery (BPA-funded)

	Lake Roosevelt
	
	Determine feasible response measures to reduce or eliminate survival limitations
	· 
	· 
	· 
	· 
	· Feasibility studies for proposed response measures - largely dependent on assessments of mechanisms of survival limitations (bottlenecks)
· Following feasibility studies, implement appropriate measures
	· 
	· No study design at this time.

· No study design at this time.
	· Project 199502700 – Lake Roosevelt White Sturgeon Recovery (BPA-funded)

	Lake Roosevelt
	
	Re-establish natural population age structure
	· Conservation aquaculture
	· 
	· 
	· 
	· Implement appropriate measures to reduce or eliminate survival limitations
	· 
	· No study design at this time.


	· Project 199502700 – Lake Roosevelt White Sturgeon Recovery (BPA-funded)

	Lake Roosevelt
	
	Restore beneficial uses after restoration of adequate natural recruitment to maintain abundance target
	· 
	· 
	
	· 
	· Creel survey
· Population modeling to determine appropriate rates of recreational impact (either harvest or incidental mortality from catch and release angling)
	· 
	· No study design at this time.

· No study design at this time.
	· Project 199502700 – Lake Roosevelt White Sturgeon Recovery (BPA-funded)


