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This draft strategy represents the first product of a three phase effort that is intended to result in the completion of a basinwide monitoring strategy for white sturgeon in the Columbia River Basin, as well as provide a set of standardized protocols for monitoring white sturgeon populations. The purpose for releasing this document, at this time, is so that this information can be considered while the ISRP and NPCC are reviewing the white sturgeon proposals that were submitted for consideration through the NPCC’s Categorical Review. The comprehensive Columbia River Basin white sturgeon monitoring strategy is expected to be available January 2011, prior to the start of the Geographical Review. 
The following entities participated in the development of this document:

· Oregon Department of Fish and Wildlife

· Washington Department of Fish and Wildlife

· Idaho Department of Fish and Game

· Columbia River Intertribal Fish Commission 

· Nez Perce Tribe

· Colville Tribe

· Spokane Tribe of Indians

· Kootenai Tribe of Idaho

· U.S. Fish and Wildlife Service

· Idaho Power Company

· USGS
During Phase 2 and 3, the following entities, in addition to those listed above, are expected to participate:

· Grant County Public Utility District 
· Douglas County Public Utility District
1. CONTEXT FOR THE COLUMBIA RIVER BASIN White Sturgeon  MONITORING STRATEGY
The Columbia River Basin (Basin) is the focus of one of the largest and most extensive fish and wildlife restoration programs in the world. Considerable efforts by federal, tribal, and state fish and wildlife agencies are focused on actions to increase the abundance and productivity of white sturgeon. These actions include restoring habitat, improving flow conditions, and using hatcheries to aid in rebuilding some populations while supporting harvest. All of these actions are being done in a statutorily and ecologically complex setting, underscoring the need to adaptively manage resources to ensure the actions are effective. 

As partners in the Basin work to mitigate, enhance, and recover white sturgeon, it is important to have comprehensive monitoring that provides a foundation to evaluate these efforts, lends transparency to policy decisions, and informs adaptive management. Monitoring should be built upon an adaptive management framework of: design, implement, assess/report, evaluate, and adjust to iteratively improve the work conducted to mitigate and conserve species and their habitat. Information collected from monitoring should serve to inform and guide decisions addressing basin-wide policy and management questions. 
Several federal, state, and tribal programs provide for the monitoring of white sturgeon in the Basin. During 2010, federal, state, and tribal fish and wildlife managers collaboratively worked together, through a series of meetings, to develop this coordinated White Sturgeon Monitoring Strategy (WSMS). The focus of the WSMS is to meet the monitoring and adaptive management needs of the Northwest Power and Conservation Council’s (NPCC) Columbia River Basin Fish & Wildlife Program (Program), Endangered Species Plan (ESA) Recovery Plans, and federal, state, and tribal fish and wildlife programs in a cost-effective manner. The goal of the WSMS is to provide an efficient and effective monitoring strategy that integrates viable white sturgeon population (VWSP) criteria, habitat/hydro-operations effectiveness, and hatchery effectiveness across multiple programs and geographic scales. This goal also serves to partially fulfill the NPCC’s Program: 2009 Amendments need to expand a monitoring and evaluation framework to aid in decision-making and in reporting on Program progress. In response to this need, the NPCC developed a draft Monitoring Evaluation Research and Reporting Plan (MERR Plan). A component of the MERR Plan is the implementation strategy for anadromous fish, resident fish and wildlife. The WSMS serves to fulfill a component of the Resident Fish Implementation Strategy for the NPCC’s Draft MERR Plan. Resident fish implementation strategies for bull trout, cutthroat trout, rainbow/redband trout, and reservoir fisheries remain to be completed.

In developing the WSMS, fish and wildlife managers took into account these key concepts: 
· Scale integration: data collected can be used at multiple scales of interest for decisions. 
· Integration across separate monitoring programs: information gathered serves multiple functions and thus reduces costs. 

· Integration of policy and technical domains: precision of data fits time frames and acceptable risks for decisions.

· Integration across life history stages: evaluation of survival and habitat requirements throughout the life cycle.

· Species integration: collection of data for multiple species in an efficient manner.
· Adequate sample size: sample sizes are statistically adequate to discern differences among populations, across spatial distributions, and across temporal scales relative to varying human-induced and natural environmental stressors. 
Other regional processes that may be incorporated into the WSMS in the future include:

· Hatchery Genetic Management Plans.
· Data Management – Columbia Basin Fish and Wildlife Authority, Pacific Northwest Aquatic Monitoring Partnership, NPCC, Bonneville Power Administration, and Columbia River Inter-Tribal Fish Commission (CRITFC)-lead collaborative process in-development and planned to begin during the summer of 2010. Details on process and timeline will be shared with the region once available.
Monitoring programs must be transparent and report results in a timely manner. Therefore, these programs require adequate resources for database development and management, analysis, and reporting. The latter requirement is being addressed through other regional coordination processes mentioned above.

2. GUIDANCE DOCUMENTS FOR THE DEVELOPMENT OF THE White Sturgeon MONITORING STRATEGY

In developing this draft of the WSMS, several documents providing scientific guidance were incorporated. These include:

· Columbia River Basin Fish & Wildlife Program: 2009 Amendments. This document provides general guidelines for monitoring in the Basin as well as outlines the needs to develop a Monitoring Evaluation Research and Reporting Plan (MERR Plan). 

· Available: http://www.nwCouncil.org/library/2009/2009-09/Default.asp
· White Sturgeon Management Plan in the Snake River between Lower Granite and Hells Canyon Dams: Nez Perce Tribe: 2005. This comprehensive and adaptive management plan describes the goals, objectives, strategies, actions, and expected evaluative timeframes for restoring the white sturgeon population in the Hells Canyon Reach of the Snake River. 
· Available: http://www.cbfwa.org/rfms/index.cfm
· Management Plan for the Conservation of Snake River White Sturgeon in Idaho. The objectives of the management plan include providing for coordinated management of white sturgeon in the Snake River, providing for an orderly and sustainable no harvest recreational fishery, facilitating data collection for stock assessments, integrating and defining the role of artificial propagation, increasing public awareness through information and education, and obtaining public acceptance and compliance for the plan. 
· Available: http://fishandgame.idaho.gov/cms/fish/programs/whiteSturgeon.pdf
· Upper Columbia White Sturgeon Recovery Plan. The recovery plan outlines various short, mid, and long-term measures required to prevent the extinction of white sturgeon populations above Grande Coulee Dam. 
· Available: http://www.llbc.leg.bc.ca/public/pubdocs/bcdocs/362040/recovery_vol1.pdf
· Draft Columbia River Basin Monitoring, Evaluation, Research, and Reporting (MERR) Plan.

· http://www.nwcouncil.org/library/2010/2010-10.pdf
Information from white sturgeon management and recovery plans for the Kootenai, mid-Columbia, Lower Columbia, and Willamette rivers will be included in the final WSMWS that will be released in January 2011.  

3. APPROACH FOR DEVELOPING THE COLUMBIA BASIN White Sturgeon MONITORING STRATEGY

The Basin contains several white sturgeon populations, including one population that is listed as endangered under the federal ESA. White sturgeon in the lower Columbia River are found in freshwater and marine environments. Due to passage barriers, the marine environment is no longer available to most of the populations in the Basin. Relative to the NPCC’s Program, white sturgeon are classified resident fish. Other resident fish species including bull trout, cutthroat trout, and redband/rainbow trout will be addressed in separate monitoring strategies. 

To facilitate the development of the WSMS, monitoring strategies were developed for the following management units:1) Columbia River Commercial Fishing Zone 6 (i.e., Bonneville Reservoir (Lake Bonneville), The Dalles Reservoir (Lake Celilo), and John Day Reservoir (Lake Umatilla), 2) the lower reach (Hanford Reach) of the free-flowing lower mid-Columbia River near the city of Richland, Washington, 3) McNary Reservoir (Lake Wallula), 4) the lower Snake River (i.e., Ice Harbor Reservoir (Lake Sacajawea), Lower Monumental Reservoir (Lake Herbert West), and Little Goose Reservoir (Lake Bryan), 5) the mid-Snake River (i.e., Hells Canyon, Salmon River and Brownlee Reservoir), 6) the upper Snake River (i.e., Swan Falls, C.J. Strike, Bliss, Lower Salmon Falls, and Upper Salmon Falls reservoirs), and the 7) Upper Columbia River (i.e., Lake Roosevelt). The lower Columbia River (downstream of Bonneville Dam), Willamette River, lower mid-Columbia River reservoirs above Priest Rapids Dam, and Kootenai River management units are not included in the WSMS but will be addressed in the broader White Sturgeon Implementation Strategy that is scheduled to be released in late-2010. 
Co-managers in the sub-regions collaboratively developed monitoring strategies (Appendices A - E). These sub-regional monitoring strategies were based on monitoring inventories listing all current monitoring work and comparison tables that illustrated the overlaps and gaps of VWSP, habitat/hydro-operations effectiveness, and hatchery effectiveness data needs (http://www.cbfwa.org/rfms/index.cfm). From these inventories and comparison tables, a final strategy with basin-wide prioritization was developed (Appendix F). The general guidelines for study design and data quality used to develop the sub-regional monitoring strategies are described in the next section. 
4. GENERAL GUIDELINES FOR WHITE STURGEON MONITORING STRATEGY STUDY DESIGNs AND QUALITY STANDARDS 

The following guidelines were used to guide the overall WSMS strategy and were considered when developing the sub-regional strategies implementing the WSMS (Appendices A - E). 
4.1. General Viable White Sturgeon Population 

Monitoring Study Design 

To assess population status and trends using VWSP criteria, the following guidelines were considered in the development of sub-regional strategies. It is important to note these are suggested guidelines and in some cases may not be applied due to feasibility or the need to increase monitoring for other purposes. The general guidelines are:

· Abundance
· Adult abundance and trend (status) data should be collected (high intensity monitoring (i.e., precision and confidence intervals (CI)) at least every five years for management units for which harvest is allowed. 
· Annual adult status and trend data should be collected at lower intensity monitoring for management units without harvest.
· The proportion of hatchery-origin fish, in each management unit, should be monitored where feasible. If a population cannot be monitored then alternative methods to derive this metric should be developed.
· Annual estimates of direct harvest and incidental mortality should be developed for the management units. 

· Productivity
· Annual juvenile (i.e., age-0) recruitment estimates and CI’s should be estimated for each management unit.

· Spatial structure
· Periodic surveys of adult and juvenile distribution at the management unit scale should be developed to allow an assessment of the spatial structure and changes. 
· Diversity
· Management units should be sampled periodically to maintain genetic baseline data for genetic stock identification and to evaluate genetic population structure and diversity.
Preferred Quality Standards

Data quality standards for VWSP metrics will be developed during Phase 2 and Phase 3. 
4.2. General Habitat/Hydro-operations Action Effectiveness 
4.2.1. Monitoring Study Design

In general, sub-regions should consider these general study design recommendations when developing their habitat action effectiveness strategy:

· Using before-after control-impact designs when possible to assess fish response to restoration actions. 
· Using probabilistic sampling approach or a randomized geospatially referenced tessellated habitat status/trend monitoring program that incorporates appropriate and coordinated protocols to document changes in physical habitat structure/function due to human manipulation. This includes both restoration and degradation, and natural processes such climate change. 
Assessing effects of habitat actions on fish will require a combination of several monitoring approaches combined with the use of habitat and fish response models. When developing an assessment approach the below approaches should be considered:

· Intensively Monitored Watershed (IMW) research should be implemented where cumulative effects of an action or actions are assessed at a population scale through monitoring population productivity and associated habitat conditions. The monitoring sub-framework should ensure that the network of IMWs reflects the variety of habitat action types, ecoregions, species, and life history types. 
· One to two studies should be implemented per habitat action type.
· Preference should be given to IMW programs that focus on multiple species as they are more cost-effective than single species programs. 
· IMW and large-scale habitat status and trend monitoring should include appropriate designs and metrics to detect impacts of climate change.
· Watershed-scale monitoring similar to IMWs, but implemented at a sub-population scale, should be used where a more extensive population level IMW approach is impractical.
· Project-based monitoring measuring physical and biological effects of individual habitat actions should be implemented at a reach or appropriate scale. 
· Two to three studies should be implemented per category of project type. 
· Large-scale status and trend monitoring of population productivity and habitat condition should be implemented to assess effects of habitat actions through correlation of productivity change to habitat condition 
· Physical habitat condition trends should be described by high precision monitoring across the Columbia River basin using a probabilistic sampling approach. 
· Habitat-fish response models will use the various populations, watershed and project level monitoring to estimate and extrapolate fish and habitat responses expected from various actions. 
4.3. General White Sturgeon Hatchery Effectiveness 
4.3.1. Monitoring Study Design 
The initiation of any white sturgeon hatchery program should include the assessment of their effectiveness and adaptively manage to respond to mitigation goals, recovery criteria, and supplementation effectiveness. The sub-regions considered this monitoring approach when developing their strategy: 

· Investigation of long-term trends in the abundance and productivity of supplemented populations relative to un-supplemented populations.
· Conduct a series of relative reproductive success studies to quantify short-term impacts.
· Implement small-scale studies designed to elucidate various biological mechanisms by which introduction of hatchery-produced fish may influence natural population productivity.
Developing a large-scale treatment/reference design to evaluate long-term trends in the abundance and productivity of supplemented populations should be considered essential. This approach should be incorporated into each management unit that is supplemented with hatchery-produced white sturgeon or potentially contains hatchery-origin white sturgeon that have emigrated from upstream reservoirs. Although originally developed for anadromous fish, the following recommendations of the Ad Hoc Supplementation Monitoring and Evaluation Workgroup can be applied to white sturgeon hatchery programs:
· Standardized performance measures.
· Conduct implementation and compliance monitoring on every hatchery program. 
· Determine proportion of hatchery-origin spawners and estimate age structure. 
· Implement high intensity hatchery effectiveness monitoring on select supplementation programs with formal study designs. 
· Estimate harvest of hatchery-origin fish. 
· Integrate and assess hatchery effectiveness results across programs throughout the Basin.
4.3.2. Preferred Quality Standards
Recommendations include:

· Mark 100% of hatchery releases with internal or external marks.

5. Rationale Guiding Monitoring Approach Decisions Made by each Sub-region 
5.1. Zone 6 (Bonneville, The Dalles, and John Day Reservoirs)
5.1.1. Rationale
· Assess and maintain population status and trends using VWSP criteria.
· Characterize existing physical habitat related to hydro-operations relative to aquatic productivity. Document changes in physical habitat structure/function due to natural processes (climate change) and changes resulting from human manipulation of physical habitat, which includes both degradation and restoration. Validate fish responses to habitat changes. 

· Assess and adaptively manage effects of hatchery programs (outside the subregion) to respond to mitigation goals, recovery criteria, and supplementation effectiveness.

5.1.2. Prioritization Criteria

· Intensive life-cycle monitoring will be conducted, at three year intervals, for each management unit in the Zone 6 Sub-region. 

· Habitat effectiveness efforts are proposed for white sturgeon within the Zone 6 Sub-region by sampling all management units.

· Determine the effects of hatchery-reared white sturgeon that escape from mid-Columbia reservoirs, on wild populations of white sturgeon throughout the Zone 6 Sub-region.

5.1.3. Approach (Detailed description of methods and statistical analyses provided in Table 1)
Viable White Sturgeon Population Criteria:

· Determine abundance and productivity for all management units in Zone 6 with known accuracy and precision.
· Adult abundance – gillnets and setlines (sample one reservoir each year)

· Population productivity – potential yield, length frequency distribution (sample one reservoir each year), age-0 recruitment (gillnets at specific index sites), mortality rates (fishing, natural and other sources) examined via stock assessments and harvest monitoring, and growth (as measured by annual growth increment), from each reservoir, annually 

· Monitor spatial structure and diversity metrics.
· Distribution - gillnets and set lines

· Phenotypic traits - gillnets and set lines

· Genotypic diversity – fin clips for DNA analyses
Habitat/Hydro-operations Effectiveness:
· Characterize existing physical habitat relative to hydro-operations. Document changes in physical habitat structure/function due to hydro-operations. Validate fish response to habitat/hydro-operation changes.

Hatchery Effectiveness Monitoring:

· Monitoring for hatchery-origin white sturgeon that escape from upstream reservoirs (i.e., mid-Columbia River PUD reservoirs).
· PIT tags and scute removal patterns
5.2. Lower Snake River (Lake Wallula, Lake Sacajawea, Lake Herbert West, and Lake Bryan) and Hanford Reach
5.2.1. Rationale
· Assess and maintain population status and trends using VWSP metrics.
· Characterize existing physical habitat related to hydro-operations relative to aquatic productivity. Document changes in physical habitat structure/function due to natural processes (climate change) and changes resulting from human manipulation of physical habitat, which includes both degradation and restoration. Validate fish responses to habitat changes. 

· Assess and adaptively manage effects of hatchery programs (outside the sub-region) to respond to mitigation goals, recovery criteria, and supplementation effectiveness.

5.2.2. Prioritization Criteria

· Intensive life-cycle monitoring will be conducted, at three year intervals, for each management unit in the Lower Snake River and Hanford Reach Sub-region. 

· Focus assessment of habitat action effectiveness where VWSP parameter assessments are in place.
· Determine the effects of hatchery-reared white sturgeon, that escape from mid-Columbia reservoirs, on wild populations of white sturgeon throughout the Lower Snake River and Hanford Reach Sub-region.

5.2.3. Approach (Detailed description of methods and statistical analyses provided in Table 1)
Viable White Sturgeon Population Criteria:

· Determine abundance and productivity for all management units in the Lower Snake River and Hanford Reach Sub-region with known accuracy and precision.
· Adult and sub-adult abundance – gillnets and setlines (sample one reservoir each year)

· Population productivity – potential yield, length frequency distribution (sample one reservoir each year), age-0 recruitment (gillnets at specific index sites), mortality rates (fishing, natural and other sources) examined via stock assessments and harvest monitoring, and growth (as measured by annual growth increment), from each reservoir, annually Monitor spatial structure and diversity metrics.
· Distribution - gillnets and setlines

· Phenotypic traits - gillnets and setlines

· Genotypic diversity – fin clips for DNA analyses
Habitat/Hydro-operations Effectiveness:
· Characterize existing physical habitat relative to hydro-operations. Document changes in physical habitat structure/function due to hydro-operations. Validate fish response to habitat/hydro-operation changes.

Hatchery Effectiveness Monitoring:

· Monitoring for hatchery-origin white sturgeon that escape from upstream reservoirs (i.e., mid-Columbia River PUD reservoirs).
· PIT tags and scute removal patterns
· Assess the need for implementation of conservation aquaculture.

5.3. Mid-Snake River (Hells Canyon, Salmon River, and Brownlee Reservoir) 
5.3.1. Rationale
· Assess and maintain population status and trends using VWSP criteria.
· Characterize existing physical habitat related to hydroperations relative to aquatic productivity. Document changes in physical habitat structure/function due to natural processes (climate change) and changes resulting from human manipulation of physical habitat, which includes both degradation and restoration. Validate fish responses to habitat changes. 

· Assess and adaptively manage hatchery programs to respond to mitigation goals, recovery criteria, and supplementation effectiveness.
5.3.2. Prioritization Criteria
· Intensive life-cycle monitoring will be conducted at 5-year intervals for each management unit in the Mid-Snake Sub-region.  
· Focus assessment of habitat action effectiveness where VWSP parameter assessments are in place.

· Determine the effects of hatchery-reared white sturgeon on wild populations of white sturgeon.
5.3.3. Approach (Detailed description of methods and statistical analyses provided in Table 1)
Viable White Sturgeon Population Criteria:

· Determine abundance and productivity, with known accuracy and precision, for each management unit in the Mid-Snake River Subregion.

· Adult abundance – baited setlines and PIT tags (population surveys proposed at 5-year intervals)

· Adult productivity – baited setlines and PIT tags (population surveys proposed at 5-year intervals) and creel/angler surveys

· Juvenile (i.e., age -0) productivity – gillnets, PIT tags, and D-ring plankton nets at specific index sites in Hells Canyon 

· Monitor spatial structure and diversity metrics

· Distribution – baited setlines and PIT tags and telemetry studies
· Phenotypic traits – baited setlines and PIT tags

· Genotypic diversity – fin clips for DNA analyses
Habitat/Hydro-operations Effectiveness:
· Characterize existing physical habitat relative to hydro-operations. Document changes in physical habitat structure/function due to hydro-operations. Validate fish response to habitat/hydro-operation changes.

Hatchery Effectiveness:

· Evaluate the need for implementation of a supplementation program for Brownlee Reservoir.
· Assess the need for implementation of conservation aquaculture.

5.4. Upper Snake River (Swan Falls, C.J. Strike, Bliss, Lower Salmon Falls, and Upper Salmon Falls Reservoirs) 
5.4.1. Rationale
· Assess and maintain population status and trends using VWSP metrics.

· Characterize existing physical habitat related to hydro-operations relative to aquatic productivity. Document changes in physical habitat structure/function due to natural processes (climate change) and changes resulting from human manipulation of physical habitat, which includes both degradation and restoration. Validate fish responses to habitat changes. 

· Assess and adaptively manage hatchery programs to respond to mitigation goals, recovery criteria, and supplementation effectiveness.
5.4.2. Prioritization Criteria
· Focus assessment of habitat/hydro-operation action effectiveness where intensive VWSP parameter assessments are in place.

· Intensive life cycle monitoring will be conducted, at 5-year intervals, for each management unit in the Upper Snake River Sub-region. 
· Implement white sturgeon hatchery effectiveness monitoring on supplementation programs in the Upper Snake River Sub-region.

5.4.3. Approach (Detailed description of methods and statistical analyses provided in Table 1)
Viable White Sturgeon Population Criteria:

· Determine abundance and productivity, with known accuracy and precision, for each management unit in the Upper Snake River Sub-region.

· Adult abundance – baited setlines and PIT tags (population surveys conducted/proposed at 5-year intervals)

· Adult productivity – baited setlines and PIT tags (population surveys conducted/proposed at 5-year intervals) and annual creel/angler surveys 

· Juvenile (i.e., age -0) productivity – gillnets and PIT tag at specific index sites (surveys conducted at 5-year intervals except at C.J. Strike Reservoir where sampling is conducted annually) as well as egg mats (Upper Salmon Falls Reservoir) 

· Monitor spatial structure and diversity metrics

· Distribution – baited setlines and PIT tags

· Phenotypic traits – baited setlines and PIT tags

· Genotypic diversity – fin clips for DNA analyses
Habitat/Hydro-operations Effectiveness:
· Characterize existing physical habitat relative to hydro-operations. Document changes in physical habitat structure/function due to hydro-operations. Validate fish response to habitat/hydro-operation changes.

Hatchery Effectiveness:
· Assess and adaptively manage hatchery programs to respond to mitigation goals, recovery criteria, and supplementation effectiveness.
· Determine proportion of hatchery-origin adults to wild adults in Upper Salmon Falls Reservoir.
· PIT tags and scute removal pattern

· Assess reproductive potential of hatchery-origin white sturgeon stocked in Upper Salmon Falls Reservoir. 
· Assess survival of hatchery-origin white sturgeon stocked in Upper Salmon Falls Reservoir. 

· PIT tags and scute removal pattern

· Evaluate influence of escaping hatchery-origin white sturgeon from aquaculture facilities in Lower Salmon Falls Reservoir. 

· PIT tags and scute removal pattern

5.5. Upper Columbia River (Lake Roosevelt) 

5.5.1. Rationale
· Assess and maintain population status and trends using VWSP metrics.

· Characterize existing physical habitat related to hydro-operations relative to aquatic productivity. Document changes in physical habitat structure/function due to natural processes (climate change) and changes resulting from human manipulation of physical habitat, which includes both degradation and restoration. Validate fish responses to habitat changes. 

· Assess and adaptively manage the white sturgeon conservation hatchery program to respond to mitigation goals, recovery criteria, and supplementation effectiveness.

5.5.2. Prioritization Criteria

· Intensive life-cycle monitoring will be conducted periodically in the Upper Columbia River Sub-region. 

· Implement white sturgeon hatchery effectiveness monitoring on the conservation aquaculture program in the Upper Columbia River Sub-region.
· Focus assessment of habitat/hydro-operation action effectiveness where intensive VWSP parameter assessments are in place.

5.5.3. Approach (Detailed description of methods and statistical analyses provided in Table 1)
Viable White Sturgeon Population Criteria:

· Determine abundance and productivity, with known accuracy and precision, for the Upper Columbia River Sub-region.

· Adult and sub-adult abundance – baited setlines in random locations (population surveys conducted at periodical intervals), catch-per-unit-effort and proportion of positive catch used as indices of recruitment  
· Adult and sub-adult productivity – baited setlines in random locations (population surveys conducted at periodical intervals), artificial substrates to confirm spawning is occurring 

· Juvenile (i.e., age -0) productivity – gillnets set in random locations (surveys conducted annually), catch-per-unit-effort and proportion of positive catch used as indices of recruitment, D-ring plankton nets and some bottom trawling to monitor post-hatch white sturgeon  

· Monitor spatial structure and diversity metrics

· Distribution – remote acoustic telemetry array from below Grand Coulee Dam (Washington) to Keenleyside Dam (British Columbia)
· Phenotypic traits – baited setlines

· Genotypic diversity – fin clips for DNA analyses 

Habitat/Hydro-operations Effectiveness:
· Characterize existing physical habitat relative to hydro-operations. Document changes in physical habitat structure/function due to hydro-operations. Validate fish response to habitat/hydro-operation changes.

Hatchery Effectiveness:
For the purpose of identification, all hatchery-origin white sturgeon are batch marked with a scute removal pattern and PIT tagged. 

· Adult and sub-adult abundance and recruitment – baited setlines in random locations (population surveys conducted at periodical intervals), catch-per-unit-effort and proportion of positive catch used as indices of abundance and recruitment
· Age-0 abundance – gillnets set in random locations (surveys conducted annually), catch-per-unit-effort and proportion of positive catch used as indices of abundance 
· Juvenile productivity - gillnets set in random locations (surveys conducted annually), catch-per-unit-effort and proportion of positive catch used as indices of recruitment
· Genotypic diversity – fin clips
6. BASINWIDE White Sturgeon MONITORING STRATEGY

The projects implementing the basin-wide strategy as well as gaps to be addressed and funding prioritization for VWSP, habitat/hydro-operations effectiveness, and hatchery effectiveness monitoring are provided in Appendix F. The basin-wide monitoring strategy is consistent with the guidelines and standards described in the previous sections. Included is the list of critical monitoring projects, monitoring strategy statements, list of monitoring gaps and justification, list of current projects to be continued, existing projects with modification, and new projects to address the monitoring gaps. 

7. CONCLUSION
These basin-wide strategies for white sturgeon are meant to be revised, as needed, to address the monitoring needs for the Basin’s ESA listed and non-ESA white sturgeon populations.  Monitoring priorities will be updated periodically based on the annual assessments and associated adaptive management needs. The MERR Plan’s Resident Fish Implementation Strategy, which will incorporate the WSMS, is intended to be revised as needed and not to be treated as a final document. 

8. APPENDIX A: Zone 6 SUB-REGION MONITORING STRATEGY
Entities that developed the Zone 6 Sub-region strategies include the Washington Department of Fish and Wildlife (WDFW), Oregon Department of Fish and Wildlife (ODFW), and CRITFC.
Below is the summary strategy for VWSP, habitat/hydro-operations effectiveness, and hatchery effectiveness for white sturgeon. For more details on the strategies see:

· Inventory tables of monitoring existing as of 2010 (http://www.cbfwa.org/rfms/index.cfm).

· Monitoring priorities (http://www.cbfwa.org/rfms/index.cfm).

· Description of monitoring gaps and proposed projects to address these gaps (http://www.cbfwa.org/rfms/index.cfm).

· Final master spreadsheet of projects (Appendix F).

8.1. Bonneville, The Dalles, and John Day Reservoirs White Sturgeon Monitoring Strategy
8.1.1. Monitoring Summary

Co-managers recommended continuation of the existing monitoring approaches for white sturgeon adult, sub-adult, and age-0 abundance, productivity, spatial structure and diversity while implementing new efforts to assess effects of hydro-operations and modifications to hydro-facilities in the Zone 6 Sub-region. 
· The projects“White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam,” “Sturgeon Strategic and Hatchery Master Plan,” and “Genetic Stock Structure, Relative Productivity, and Migration (Gene Flow) of White Sturgeon Among Bonneville, The Dalles,and John Day Reservoirs in the Lower Mid-Columbia River Region” are funded by the Bonneville Power Administration through the NPCC’s Program. The White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam project is a collaborative project implemented by ODFW, WDFW, and the CRITFC. The purpose of this study is to monitor the white sturgeon populations in the Bonneville, The Dalles, and John Day reservoirs. This project provides for the estimation of white sturgeon adult abundance, age-0 and juvenile abundance, year-class representation, harvest, and condition factors to describe population status and trends in relation to VWSP needs. Surveys of genetic variation, within and among management units, is performed through CRITFC’s Genetic Stock Structure, Relative Productivity, and Migration (Gene Flow) of White Sturgeon Among Bonneville, The Dalles, and John Day Reservoirs in the Lower Mid-Columbia River Region project. The need for a conservation hatchery is being assessed through CRITFC’s Sturgeon Strategic and Hatchery Master Plan project.   

8.1.2. Viable White Sturgeon Population Criteria
· Adult white sturgeon abundance is estimated every three years with sampling being divided into three periods. During Period 1, gillnets are used to capture white sturgeon; during Periods 2 and 3, baited setlines are used to capture fish. Sampling effort is distributed equally through the reservoir and all reservoir sections are sampled during each period. 

· White sturgeon year-class (length-frequency distribution) representation is estimated every three years (study design included in the first bulleted discussion)

· Harvest of sub-adult white sturgeon is monitored annually. Angling effort (i.e., angler hours) is 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. Harvest estimates are derived for bank and boat anglers, reservoir subsection, and weekend/weekday type to account for differential catch and sampling rates. 

· Age-0 white sturgeon are sampled annually at specific index sites, in all reservoirs. Proportion of positive efforts, CPUE, and length frequency of gillnet catch are estimated.
· Every three years, annual growth, length-weight relationships, and relative weight are estimated for white sturgeon. 

· Genetic relatedness, effective population size, broodstock characterization, and degree of relatedness will be identified over a 10-year period. Up to 1,000 juvenile white sturgeon will be genotyped annually at 14 standardized uSAT loci. Some of the genetic metrics that will be reported include population allele frequencies, mean heterozygosity, private alleles among populations, pairwise genetic distance, and levels of gene flow. 
· 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.

· 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.

8.1.3. Habitat/Hydro-Operations Action Effectiveness Monitoring

· 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.

8.1.4. Hatchery Effectiveness Monitoring

· Although no hatchery-produced white sturgeon are released in this subregion, 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 of fish from upstream conservation aquaculture programs.

· Assess the effects of upstream conservation aquaculture and supplementation programs on wild white sturgeon within Zone 6 reservoirs.
9. APPENDIX B: Lower Snake River and Hanford Reach SUB-REGION MONITORING STRATEGY 
Co-managers that developed this strategy include: WDFW, ODFW, and CRITFC. Below is the summary strategy for VWSP, habitat/hydro-operation action effectiveness and hatchery effectiveness for white sturgeon. For more details on the strategies see:

· Inventory tables of monitoring existing as of 2010 (http://www.cbfwa.org/rfms/index.cfm)

· Monitoring priorities (http://www.cbfwa.org/rfms/index.cfm)

· Description of monitoring gaps and proposed projects to address these gaps (http://www.cbfwa.org/rfms/index.cfm)

· Final master spreadsheet of projects (Appendix F).

9.1. Lower Snake River (Lake Wallula, Lake Sacajawea, Lake Herbert West, and Lake Bryan) and Hanford Reach White Sturgeon Monitoring Strategy
9.1.1. Monitoring Summary

Co-managers recommended maintaining the monitoring approaches that are currently in place for abundance, productivity, spatial structure and diversity and initiate new efforts to allow for tracking status and trends of adult and age-0 white sturgeon in the Lower Snake River and Hanford Reach Sub-region.
· The projects “White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam,” “Sturgeon Strategic and Hatchery Master Plan,” and “Genetic Stock Structure, Relative Productivity, and Migration (Gene Flow) of White Sturgeon Among Bonneville, The Dalles, and John Day Reservoirs in the Lower Mid-Columbia River Region” are funded by the Bonneville Power Administration through the NPCC’s Program. The White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam project is a collaborative project implemented by ODFW, WDFW, and the CRITFC. Through this study, age-0 recruitment is estimated for Lake Wallula and the Hanford Reach. This project should also provide for the estimation of white sturgeon adult and sub-adult abundance, year-class representation, harvest, and condition factors to describe population status and trends in relation to VWSP needs. Surveys of genetic variation, within and among management units, is performed through CRITFC’s Genetic Stock Structure, Relative Productivity, and Migration (Gene Flow) of White Sturgeon Among Bonneville, The Dalles, and John Day Reservoirs in the Lower Mid-Columbia River Region project. The need for a conservation hatchery is being assessed through CRITFC’s Sturgeon Strategic and Hatchery Master Plan project. 
9.1.2. Viable White Sturgeon Population Criteria

· Age-0 white sturgeon are sampled with gillnets annually in the fall at specific index sites (Lake Wallula and the Hanford Reach) and similar sampling has been recommended, on periodical basis, for the other reservoirs in the subregion. Proportion of positive efforts, CPUE, and length frequency of gillnet catch are estimated.
· Co-managers propose to monitor adult and sub-adult white sturgeon abundance periodically with sampling being divided into three periods. During Period 1, gillnets would be used to capture white sturgeon; during Periods 2 and 3, baited setlines would be used to capture fish. Sampling effort would be distributed equally through the reservoir and all reservoir sections would be sampled during each period. 

· Periodically estimate white sturgeon year-class (length-frequency distribution) representation (study design included in the preceding bulleted discussion)

· Periodically estimate annual growth, length-weight relationships, and relative weight for 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 white sturgeon populations.
· Implement harvest monitoring. Harvest of sub-adult white sturgeon monitored daily and balanced against sustainable harvest rates. Angling effort (i.e., angler hours) estimated by counting anglers within representative index areas and expanding those counts to the entire reservoir/reach using a relationship derived from aerial counts of anglers within and outside established index areas. Harvest estimates derived for bank and boat anglers, reservoir subsection, and weekend/weekday type to account for differential catch and sampling rates.
· Co-managers would like to understand the level of mortality associated with illegal harvest.
· Characterize population dynamics and carrying capacity for each reservoir.
· 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 this sub-region.
· Assess the impacts of predation on early-life history stages by sympatric fishes.
· Genetic relatedness, effective population size, broodstock characterization, and degree of relatedness will be identified over a 10-year period for Lake Wallula and the Hanford reach and should be initiated for the remaining reservoirs. Up to 1,000 juvenile white sturgeon will be genotyped annually at 14 standardized uSAT loci. Some of the genetic metrics that will be reported include population allele frequencies, mean heterozygosity, private alleles among populations, pairwise genetic distance, and levels of gene flow. 
· Evaluate the utility of annual effective female population size estimates using nuclear DNA.

9.1.3. Habitat/Hydro-operations Action Effectiveness Monitoring
· 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.
· Evaluate the levels of entrainment at each facility and the mortality associated with downstream movements through the hydro-facilites (turbines).

· Conduct ecological risk monitoring of impacts to white sturgeon productivity from contaminants.
9.1.4. Hatchery Effectiveness Monitoring

· Although no hatchery-produced white sturgeon are released in this subregion, the potential exists that fish from upstream reservoirs (i.e., mid-Columbia River PUD reservoirs) could migrate into the downriver reservoirs. Annual monitoring should be conducted to evaluate the presence/absence of fish from upstream conservation aquaculture programs and assess the effects of introduced hatchery fish on wild white sturgeon.

· Assess the need for the implementation of conservation aquaculture as a means to achieve white sturgeon productivity objectives. 

10. APPENDIX c: Mid-Snake River SUB-REGION MONITORING STRATEGY 
Co-managers that developed this strategy include: Idaho Department of Fish and Game (IDFG), Nez Perce Tribe (NPT), and Idaho Power Company (IPCO). Below is the summary strategy for VWSP, habitat/hydro-operation action effectiveness, and hatchery effectiveness for white sturgeon. For more details on the strategies see:

· Inventory tables of monitoring existing as of 2010 (http://www.cbfwa.org/rfms/index.cfm) 
· Monitoring priorities (http://www.cbfwa.org/rfms/index.cfm)

· Description of monitoring gaps and proposed projects to address these gaps (http://www.cbfwa.org/rfms/index.cfm)

· Final master spreadsheet of projects (Appendix F).
10.1. Mid-Snake River (Hells Canyon, Salmon River, and Brownlee Reservoir) Monitoring Strategy
10.1.1. Monitoring Summary

Moderate to high precision monitoring does not currently exist in the Mid-Snake River Sub-region. Adult abundance is monitored, as time permits, through spot creel surveys. Although monitoring does not exist, population surveys, to monitor VWSP, have been proposed and should be initiated.   
10.1.2. Viable White Sturgeon Population Criteria 

· Implement random-based sampling, at 5-year intervals, using standardized methodology (e.g., baited setlines, PIT tags, and scute removal patterns) to monitor adult white sturgeon abundance, stock structure, and temporal trends. Length-frequency histograms will be constructed to evaluate population structure.

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

· Conduct age and growth estimates based on the recovery of PIT tagged fish.
· Collect fin clips to examine genetic variation within and among populations and to develop a genetics management plan Snake River white sturgeon. 

· Continue spot creel surveys until implementing stratified creel surveys to evaluate catch rates and angler satisfaction at Brownlee Reservoir. 

· Estimate tribal harvest in Hells Canyon and the Salmon River.

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

· Annually estimate, at specific index sites, age-0 abundance, CPUE, and length frequencies for trend comparisons and comparison of hydrologic conditions among years. Age-0 white sturgeon will be PIT tagged and, measured, weighed, tissue clipped for DNA analyses, and externally marked with reach specific scute codes (Hells Canyon and the Salmon River).    

10.1.3. Habitat/Hydro-operations Action Effectiveness Monitoring
· Evaluate 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 habitats used by early-life history stages and effects of environmental variables on year-class strength.
· Assess toxicity of relevant contaminants on all life stages of white sturgeon.
· Determine mortality rates 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 of white sturgeon through Lower Granite Dam.
10.1.4. Hatchery Effectiveness Monitoring 

· Although no hatchery programs exist at this time, Brownlee Reservoir is being evaluated for supplementation in the fall of 2010.
11. APPENDIX D:  Upper Snake River SUB-REGIONAL MONITORING STRATEGY 
Co-managers that developed this strategy include: IDFG and IPCO. Below is the summary strategy for VWSP, habitat/hydro-operation action effectiveness, and hatchery effectiveness for white sturgeon. For more details on the strategies see:

· Inventory tables of monitoring existing as of 2010 (http://www.cbfwa.org/rfms/index.cfm)

· Monitoring priorities (http://www.cbfwa.org/rfms/index.cfm)

· Description of monitoring gaps and proposed projects to address these gaps (http://www.cbfwa.org/rfms/index.cfm)

· Final master spreadsheet of projects (Appendix F).
11.1. Upper Snake River (Swan Falls, C.J. Strike, Bliss, Lower Salmon Falls, and Upper Salmon Falls Reservoirs) Monitoring Strategy
11.1.1. Monitoring Summary
Population surveys, to monitor VWSP, are conducted at 5-year intervals for all waterbodies

except Bliss Reservoir where surveys are performed every 10 years (co-managers have proposed 
to monitor every 3-5 years). 
11.1.2. Viable White Sturgeon Population Criteria
· Implement random-based sampling, at 5-year intervals (3-5 years for Bliss Reservoir), using standardized methodology (e.g., baited setlines, PIT tags, and scute removal patterns) to monitor adult white sturgeon abundance, stock structure, and temporal trends. Length-frequency histograms will be constructed to evaluate population structure.

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

· Conduct age and growth estimates based on the recovery of PIT tagged fish.

· Collect fin clips to examine genetic variation within and among populations and to develop a genetics management plan for Snake River white sturgeon. 

· Continue periodical angler surveys to assess creel results and angler satisfaction (Lower Salmon Falls, Upper Salmon Falls (Auger/Rock Creek Hole and Pillar Falls) reservoirs). 

· Annually estimate, at specific index sites, age-0 abundance, CPUE, and length frequencies for trend comparisons and comparison of hydrologic conditions among years. Age-0 white sturgeon will be PIT tagged, measured, weighed, tissue clipped for DNA analyses, and externally marked with reach specific scute codes. 
· Evaluate the influence of lost fishing gear on white sturgeon mortality in Lower Salmon Falls and Upper Salmon Falls reservoirs. 
· Compare percentage of adult hatchery-origin white sturgeon (PIT tagged) to wild adult white sturgeon (non-PIT tagged).

· Determine 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.

11.1.3. Habitat/Hydro-operations Action Effectiveness Monitoring

· Assess entrainment loss of white sturgeon through Swan Falls, Lower Salmon Falls, and Upper Salmon Falls dams.
· Reproductive flow estimates (i.e., volume and timing) need to be developed for Upper Salmon Falls and Swan Falls reservoirs.

· Perform habitat suitability mapping including substrate, flow/hydrologic needs, and timing of flows for Upper Salmon Falls Reservoir.

· Evaluate available habitat and flows necessary to support a reproductive population in Swan Falls Reservoir. 

11.1.4. Hatchery Effectiveness Monitoring

· Evaluate the influence of escaping hatchery-origin white sturgeon on the wild population in Lower Salmon Falls Reservoir. 
· Document growth rates of hatchery produced white sturgeon.

· Evaluate the reproductive potential of hatchery-origin white sturgeon released into Upper Salmon Falls Reservoir.
· All hatchery-origin fish are PIT tagged prior to release into Upper Salmon Falls Reservoir.
· Evaluate entrainment of hatchery-origin white sturgeon into Bliss Reservoir.

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

12. APPENDIX E: Upper Columbia river SUB-REGION MONITORING STRATEGY
Co-managers that developed the Upper Columbia River Sub-region strategy included the Spokane Tribe of Indians (STOI), WDFW, and the Coleville Confederated Tribes (CCT).
Below is the summary strategy for VWSP, habitat/hydro-operations effectiveness, and hatchery effectiveness for white sturgeon. For more details on the strategy see:

· Inventory table of monitoring existing as of 2010 (http://www.cbfwa.org/rfms/index.cfm).

· Monitoring priorities (http://www.cbfwa.org/rfms/index.cfm).

· Description of monitoring gaps and proposed projects to address these gaps (http://www.cbfwa.org/rfms/index.cfm).

· Final master spreadsheet of prioritized projects (Appendix F).

12.1. Lake Roosevelt White Sturgeon Monitoring Strategy
12.1.1. Monitoring Summary

Co-managers recommended continuation of the existing monitoring approaches for adult and sub-adult abundance, genetic diversity, and hatchery-origin white sturgeon while initiating new efforts that will allow for a better understanding of the status and trends of white sturgeon in the Washington and British Columbia sections of the upper Columbia River Sub-region. 
· The project “Lake Roosevelt White Sturgeon Recovery” is funded by the Bonneville Power Administration through the NPCC’s Program. The project is a collaborative effort implemented by the STOI, WDFW, and CCT. The purpose of this study is to monitor current stock status, investigate factors limiting white sturgeon recruitment, and implement a conservation aquaculture program in Lake Roosevelt. This project provides for the: 1) implementation of periodic stock assessment surveys, 2) estimation of natural recruitment, 3) evaluation of the genetic structure of the population, 4) identification of seasonal distribution, range of movement, and spawning behavior, 5) evaluation of post-release hatchery-origin white sturgeon, and 6) confirmation of spawning, spawning locations, and spawn timing/locations to describe population status and trends in relation to VWSP and hatchery effectiveness needs.

12.1.2. Viable White Sturgeon Population Criteria
· Conduct periodic stock assessments to assess white sturgeon abundance.

· Natural recruitment is monitored with annual sub-yearling gill net sampling. 
· Estimate rates of ovarian recrudescence, proportion population sexually mature, rates of ovarian atresia, and sex ratio. 
· Continue to monitor size structure of the population and relative weights. 
· Continue to monitor the genetic stock structure of the population by estimating the total number of alleles and the number of alleles unique to each temporal group.  

· Continue to monitor the genetic stock structure of the population by estimating the total number of alleles and the number of alleles unique to each temporal group.  
· Evaluate the historic and current population structure of white sturgeon in the Columbia River upstream of Grand Coulee Dam.
· Continue to monitor movements to determine seasonal distribution, range of movement, interchange between the WA and BC reaches, and spawning behavior.
· Monitor post-hatch white sturgeon to identify life stage at which the recruitment bottleneck is occurring. 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.
· Conduct assessments of food available to first feeding white sturgeon larvae in the upper Columbia River.
· Determine system carrying capacity and re-establish appropriate target abundance levels.
· Estimate abundance in coordinated manner in both Washington and British Columbia.
· Estimate, in a coordinated manner, survival in Washington and British Columbia.
· Determine sex ratios, fecundity, age/size at maturity, and spawning periodicity/recrudescence rates to assist with determination of reproductive potential.
· Quantify illegal harvest/fishing.
· Assess impacts from fisheries for other species (incidental white sturgeon capture/hooking).
· Implement appropriate measures to reduce or eliminate survival limitations.
· Conduct creel surveys.
· Conduct population modeling to determine appropriate rates of recreational impact (either harvest or incidental mortality from catch and release angling).
12.1.3. Habitat/Hydro-Operations Action Effectiveness Monitoring

· 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).

· Determine habitat availability for early life stages.

· Determine contaminant distribution and sturgeon habitat use. Examine overlaps and avoidance.
· Assess the toxicity of relevant contaminants on all life stages of sturgeon.
12.1.4. Hatchery Effectiveness Monitoring

· Continue the conservation aquaculture program which is comprised of the release of 8,000 age-1 white sturgeon (4,000 in both Washington and British Columbia. 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.  

· Estimate survival of hatchery-origin (within the first six months post release and 1.5-6 years post release) white sturgeon in the transboundary  reach (Grand Coulee Dam to Keenleyside Dam.

· Continue monitoring abundance and recruitment of hatchery-origin white sturgeon.

· Continue the genetic monitoring program for the conservation aquaculture program to determine if the program is meeting the stated goal of preserving the “current genetic diversity, including rare alleles.

· Evaluate impacts from hatchery stocking on wild white sturgeon – (density dependent affects).
13. APPENDIX F: BASINWIDE White Sturgeon MONITORING STRATEGY FOR VWSP, HABITAT/Hydro-operations EFFECTIVENESS, AND HATCHERY EFFECTIVENESS - CONTRACTS, GAPS, AND Funding PRIORITIZATION TABLES
Table 1, “White Sturgeon Monitoring Strategies, Gaps, and Proposed Projects for each Sub-region”, available at http://www.cbfwa.org/rfms/index.cfm, describes the monitoring gaps and contracts for white sturgeon VWSP, habitat/hydro-operations effectiveness, and hatchery effectiveness monitoring projects. Included in this document are lists of: 1) critical monitoring projects, 2) monitoring strategy statements, 3) monitoring gaps, 4) current projects to be continued as-is, 5) projects to be modified, and 6) new funding proposals to address the monitoring gaps. 

Prioritized funding recommendations for white sturgeon VWSP, habitat/hydro-operations effectiveness, and hatchery effectiveness monitoring projects are summarized in Table 2 “Basin Funding Prioritization Table” which is available at http://www.cbfwa.org/rfms/index.cfm. Included in Table 2 are:
· White sturgeon management unit is listed along with priority funding recommendations by white sturgeon management units 

· Current or proposed monitoring contractor 

· Monitoring project description
· Bonneville project and contract numbers

· Fish Accord projects 

· Explanations for the essential monitoring needs being addressed by the project
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