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EXECUTIVE SUMMARY 

Boardman II was the second in a series of technical workshops organized to foster discussion 
and coordination among governmental, Tribal and other organizations in support of regional 
sturgeon management and mitigation efforts related to the Northwest Power and Conservation 
/ƻǳƴŎƛƭΩǎ όbt//ύ CƛǎƘ ŀƴŘ ²ƛƭŘƭƛŦŜ tǊƻƎǊŀƳ.  The facilitated workshop, held over two days in 
January 2011, brought together over 30 workshop participants with a broad range of scientific, 
technical, and management expertise. 

This workshop focused on data gaps identified by the Independent Scientific Review Panel 
(ISRP) in a review of sturgeon projects currently being implemented in the lower-mid Columbia 
region (NPCC 2010).  Workshop subjects included: 1) efforts to develop effective plans for 
sturgeon conservation, restoration, mitigation and management throughout the basin; 2) 
factors limiting natural production and prospects for improvement; 3) genetic population 
structure and management units; and 4) sturgeon population objectives and capacity.  The 
geographical focus of the workshop included impounded reaches in the Columbia River 
between Bonneville and Chief Joseph dams, and the Snake River downstream from Lower 
Granite Dam. 

These efforts will ultimately culminate with the development of two guidance documents for 
white sturgeon:  1) a unifying umbrella framework addressing sturgeon-related programs, plans 
and activities throughout the region, and 2) a strategic plan for impounded sturgeon 
populations in the lower mid-Columbia and lower Snake rivers.  

Sturgeon Planning Updates 

Conservation, restoration, mitigation and management of Columbia River white sturgeon is 
complicated by their widespread distribution, fragmented population structure, and population 
differences throughout their range.  The broad distribution over hundreds of miles of river 
yields an overlapping patchwork of involvement and jurisdiction by a wide spectrum of 
interests, agencies, and authorities.  Specifics of characteristics, status, and limiting factors for 
each subpopulation must be individually considered.  Differences among subpopulations also 
necessitate different treatments and remedies.   

A series of regional planning and coordination efforts have evolved to address sturgeon issues 
in different parts of the basin.  Plans already exist for the Lower Columbia, the upper mid-
Columbia, Transboundary Upper Columbia, the Kootenay Lake and Kootenai River, and the 
Middle and Upper Snake.   

Workshop organizers invited a series of brief presentations or informal updates which 
collectively were intended to provide a snapshot of the current programs and plans pertinent 
to the planning effort currently underway for the lower mid-Columbia area.  Christine Mallette 
and Tom Rien of the Oregon Department of Fish and Wildlife (ODFW) presented the Lower 
Columbia River White Sturgeon Management Plan which addresses the population downstream 
from Bonneville Dam.  Brad James, with Washington Department of Fish and Wildlife (WDFW), 
presented information on the Joint-State Agreement on Lower Columbia River Sturgeon 
Management (Accord) process which governs fishery management for sturgeon in the lower 
Columbia River.  Representatives from WDFW, Yakama Indian Nation, Chelan County Public 
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Utility District (PUD), Douglas County PUD, and Grant County PUD provided brief updates on 
their respective programs in the upper Mid-Columbia.  Ray Beamesderfer gave a summary of 
the proceedings of the first White Sturgeon Strategic Planning Workshop. 

Factors Limiting Natural Recruitment & Prospects for Improvement 

Sporadic or failing natural recruitment is characteristic of impounded sturgeon populations 
throughout the basin.  However, factors limiting sturgeon reproduction and recruitment remain 
uncertain despite more than a quarter century of research.  More significantly, avenues and 
prospects for improvement are unclear. 

Productivity of sturgeon downstream from Bonneville Dam is much greater than areas 
upstream, where dam construction has fragmented the river and sturgeon into a series of semi-
isolated segments where conditions are no longer optimal for completion of the sturgeon life 
cycle.  Recruitment levels and limitations vary substantially among impounded populations.  

In a facilitated work session, workshop participants concluded with a high degree of certainty 
that recruitment is much greater in some areas than others due to differences in: 1) habitat 
complexity, quantity, and quality, 2) hydraulic or operation effects of flow, 3) habitat 
connectivity, and 4) normal river functions.  Predators and water quality were also identified as 
likely factors.  Differences in prey resource availability, management intensity, density-related 
factors, stress effects, low spawning stock numbers, and effects of conflicting mandates were 
also identified as potential factors, albeit with a lower degree of certainty in effect. 

Workshop participants concluded with a high degree of certainty that recruitment is 
inconsistent or falling among most inland populations due to: 1) low diversity, 2) lack of adults, 
and 3) flow levels that were either too low or not the right type or time.  Predation was also 
identified as a likely factor.  Reservoir length and habitat simplification, narrower temperature 
windows, and reductions in food productivity or access were also identified as potential factors, 
albeit with a lower degree of certainty in effect.  

With respect to the likelihood for increasing natural recruitment, workshop participants found 
with a high degree of certainty that it will be variable across geography and scale, prospects will 
be higher in some areas than others, broodstock limitations may be a factor, large and costly 
investments in additional research may or may not prove effective, and possible solutions may 
interact with salmonid management.  It was also apparent that prospects might be better in 
areas with larger, more diverse habitats and populations lower in the system supported by 
downstream drift of sturgeon and better food resources.  At the same time, it was recognized 
that improvement might be technically feasible at a gross scale but may not be politically 
realistic. 

Workshop participants concluded with a high degree of certainty that reasonable opportunities 
or remedies might include: additional fishery limitations, flow measures, hydro operations, 
creation of artificial spawning habitat, appropriate supplementation and, of course, better 
consultants. 
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Genetic Population Structure & Management Units 

Understanding historical and current genetic population structure is a key element in 
developing the comprehensive and coordinated regional framework identified by the ISRP as a 
critical need for white sturgeon throughout the basin.  Genetics are an important consideration 
in defining appropriate sturgeon management units throughout the basin.  Genetic population 
structure can also have significant management implications, particularly for hatchery activities 
(e.g. broodstock selection, effective population sizes and mating protocols).   

A review of current information on sturgeon genetics provided baseline information for 
subsequent discussion of genetic population units for use in basin sturgeon planning efforts.  
Paul Anders, with Cramer Fish Sciences and the University of Idaho, delivered a brief 
introduction on the biology and current status of white sturgeon in the Columbia River Basin, 
along with factors affecting their demographic and genetic status.  Andrea Drauch Schreier 
from UC Davis presented results of recent work on genetic population characteristics based on 
microsatellite markers.  Andrew Matala of the Columbia River Inter-Tribal Fish Commission 
(CRITFC) presented initial results of genetic monitoring of white sturgeon in four mid-Columbia 
River reservoirs.  Jim Powell, with the Freshwater Fisheries Society of British Columbia gave a 
presentation on the applications of genetics in sturgeon conservation programs in the Upper 
Columbia, Nechako, and Kootenai rivers. 

In a facilitated work session, participants delineated genetic management units for white 
sturgeon in the Columbia River basin based on their expert opinions and the available 
information on genetic population structure.  The participants generally recognized five genetic 
management units with overlapping boundaries reflecting a gradation in diversity with so 
discrete boundaries from the river mouth to headwater areas.  

Sturgeon Population Objectives & Capacity 

While differences in abundance and productivity of sturgeon populations among areas have 
been described and measured, the capacity of any given area to produce sturgeon remains 
unclear.  This makes it particularly difficult to establish realistic population objectives and to 
develop measures and programs to meet those objectives. 

Potential alternatives were identified for defining realistic population objectives in a facilitated 
work session.  One approach might be to infer objective numbers from estimates of system 
capacity based on sturgeon bioenergetics and trophic dynamics.  However, this approach is 
hampered by a fundamental lack of information on virtually all of these parameters.  A second 
approach involves empirical monitoring population response to natural variation or 
experimental manipulation of abundance, but an experimental approach at a large scale can be 
costly and take years to implement effectively.  Discussions also highlighted the difficulty of 
identifying juvenile recruitment or hatchery release numbers required to produce any given 
adult population size. Back-calculations of production from a sturgeon population objective 
based on expected annual survival rates are confounded by the effect of small differences in 
annual survival over the sturgeon life spawn.   

Workshop participants concluded that a combined approach would be most effective in 
defining population objectives consistent with system capacity.  An empirical, experimental, 
adaptive management approach was widely recognized as the most preferable approach to this 
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question over the long term.  Participants also found that inferences from information on food 
webs and trophic dynamics can also be an informative tool.  Population models can be useful to 
establish ballpark numbers for subsequent empirical analysis. 
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INTRODUCTION 

The Columbia basin historically supported a very large and productive population of white 
sturgeon that ranged from the ocean upstream in the Columbia and Snake rivers for hundreds 
of miles into Idaho and Canada.  The unimpounded lower Columbia downstream from 
Bonneville Dam continues to support a large and productive population, providing one of the 
most valuable fisheries in the region and one of the healthiest sturgeon populations in the 
world.  White sturgeon populations exist in most impounded reservoir/river sections upstream 
from Bonneville Dam, but have not fared as well.   

What was once a single population or a series or broadly overlapping subpopulations has now 
been fragmented by dam construction into a series of subpopulations.  Status varies among 
impounded subpopulations from marginally productive to functionally extirpated.  The 
unproductive impounded subpopulations are unable to support significant fisheries anywhere 
near the scale of that seen downstream from Bonneville Dam.  Natural recruitment has failed 
for several upper Columbia and Snake river subpopulations which now consist solely of aging 
cohorts of mature fish that are gradually declining as fish die and are not replaced.   

Population attributes that have proven adaptive for millions of years are now a liability 
(Beamesderfer and Farr 1997).  Large size and high fecundity makes sturgeon a valuable fishery 
commodity, but longevity and delayed maturation make them extremely vulnerable to 
overfishing.  Long life span and benthic feeding also make sturgeon susceptible to 
bioaccumulation of industrial and community pollutants with potentially detrimental effects on 
health, growth, maturation, and recruitment.  Critical habitats have been altered.  Dam 
construction has blocked movements and restricted sturgeon to river fragments that may no 
longer provide the full spectrum of habitats necessary to complete the life cycle.  Flow 
regulation has limited seasonal and annual fluctuations that provide behavior cues and suitable 
spawning or rearing conditions.  All of these changes favor a much different aquatic community 
of prey, predators, and competitors.   

 

 

Photo courtesy of Michele Weaver (ODFW) 
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Over the last 25 years, impounded Columbia River sturgeon populations have been the subject 
of extensive research, assessment, and management efforts.  These efforts have provided a 
fundamental understanding of the biology, population dynamics and habitat requirements of 
this unique species, determined the status of subpopulations throughout the region, and 
identified key life stages and factors limiting most subpopulations.  Additionally, they have 
provided a firm scientific basis for regulating fisheries consistent with current status.  The 
feasibility and effectiveness of protection, mitigation, and restoration alternatives are now 
being explored. 

Sturgeon conservation, mitigation, and management efforts in the mid-Columbia and lower 
Snake Rivers have now progressed to the point where the current objectives and strategies 
warrant a careful review.  The region is confronted with a series of challenging questions and 
watershed decisions regarding the future of sturgeon populations and related programs.  These 
include:    

 What are the immediate and long term goals?   

 Do current numbers and production satisfy long term conservation objectives?  

 Are mitigation responsibilities being adequately met?   

 Are current fisheries sufficient to meet user needs?   

 Can the status of the impounded populations and fisheries be significantly improved?   

 What restoration strategies are feasible and potentially effective?   

 What risks are associated with different strategies and what level of risk is 
acceptable?   

 Are current programs adequate or are refinements needed?   

 What level of research and monitoring is appropriate?   

 How will additional research and monitoring translate into actions or decisions?   

 What conditions, contingencies, milestones, and decision points are appropriate and 
what should trigger decisions?   

 Who is responsible for implementing actions, and according to what schedule? 

White Sturgeon projects currently being implemented under through the Northwest Power and 
/ƻƴǎŜǊǾŀǘƛƻƴ /ƻǳƴŎƛƭΩǎ (NPCC) Fish and Wildlife Program in the lower mid-Columbia were 
currently reviewed by the Independent Scientific Review Panel (NPCC 2010).  This review 
identified five significant data gaps: 

1. An effective basinwide management plan for white sturgeon is lacking. 

2. Specific factors affecting recruitment of white sturgeon are poorly understood. 

3. The importance of the estuary and ocean in sturgeon production below Bonneville Dam 
is poorly understood. 

4. The productivity of pools above Bonneville Dam for sturgeon is poorly understood. 

5. Consideration of adaptive management approaches should include a review of harvest 
regulations with the intent of facilitating the efficient, low cost acquisition of creel data 
needed for stock assessment. 
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This workshop was organized to inform development of a regional strategic plan to guide future 
sturgeon management and mitigation efforts.  The sturgeon planning process is ultimately 
intended to provide a unifying umbrella framework to inform other sturgeon-related programs, 
plans and activities throughout the region.   

Workshop Organization and Participation 

The workshop was organized by a lower mid-Columbia River sturgeon planning group led by 
Blaine Parker (CRITFC), Tom Rien (ODFW), Brad James (WDFW), and Ray Beamesderfer (Cramer 
Fish Sciences).  Ray Beamesderfer acted as the workshop coordinator and point of contact, and 
Alison Squier (Ziji Creative Resources) helped design the workshop sessions and facilitated the 
workshop.  The agenda from the workshop is presented in Appendix A. 

Workshop participants were invited from state and federal agencies, Indian tribes, and other 
organizations with management or mitigation authority or responsibility and specific 
knowledge and expertise on sturgeon in the region.  Participants included a mixture of policy 
and technical representatives with broad-spectrum experience.  A complete list of participants 
and invited guests is presented in Appendix B.   

Workshop announcements were broadly distributed among agencies and parties with a 
potential interest and no limit was placed on attendance.  Public participation was not sought in 
this organizational stage of the planning process ς public processes of the participating parties 
are expected to provide ample opportunity for public involvement prior in the consideration of 
any plans that may arise from this workshop. 

Workshop Goals & Objectives  

The purpose of this workshop was to bring together a diverse group of individuals, representing 
a range of disciplines and organizational affiliations, with specific knowledge related to white 
sturgeon populations and their habitats, to participate in a collaborative strategic planning 
process.  This process will culminate in development of a regionally-endorsed strategic plan for 
white sturgeon in the lower mid-Columbia River and lower Snake River impoundments. 
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Overarching objectives of the workshop were to:  

1. Review the products and outcomes of the previous December 2009 Sturgeon Strategic 
Planning Workshop for the Mid-Lower Columbia and Lower Snake River Impoundments;  

2. Update workshop participants on strategic planning progress; and 

3. Discuss and seek regional input on outstanding strategic questions (including key 
ǎǘǳǊƎŜƻƴ ƎŀǇǎ ƛŘŜƴǘƛŦƛŜŘ ōȅ ǘƘŜ bƻǊǘƘǿŜǎǘ tƻǿŜǊ ŀƴŘ /ƻƴǎŜǊǾŀǘƛƻƴ /ƻǳƴŎƛƭΩǎ όbt//ύ 
Independent Scientific Review Panel (ISRP) programmatic review). 

To achieve these objectives, the workshop was structured to promote extensive participation 
and interaction among participants and to generate a broad range of ideas for further 
discussion and development in the subsequent planned strategic planning process.  The 
workshop was not designed or intended to result in consensus recommendations or finished 
products.  Specifically, workshop participants were presented with background information and 
then asked to provide input on: 

1. Factors limiting natural recruitment and prospects for improvement; 

2. Definition of genetic management units for Columbia River sturgeon; and 

3. Sturgeon population objectives and capacity.  

Strategic Planning Process 

This workshop was the second intended to help frame the strategic planning process.  The 
proposed approach for developing a regional strategic plan includes: 

 Conduct a 2009 workshop to identify major themes, issues and potential components of a 
regional vision, goals, objectives and strategies. 

 Develop and distribute workshop proceedings and invite participants to provide 
comments and additional recommendations. 

 Identify and launch a working group to develop a draft strategic plan for white sturgeon 
in the lower mid-Columbia River and lower Snake River impoundments. 

 Conduct a 2010 to develop input in key information gaps including limiting factors, 
genetic management units, and population objectives and capacity. 

 Develop a draft of the strategic plan, and identify areas for improvement, identify 
conflicting comments and recommendations, and where possible identify mechanism to 
resolve those conflicts. 

 Solicit review and comment on a first draft of the strategic plan.  Revise strategic plan to 
incorporate recommendations and comments to extent possible. 

 Complete comprehensive internal policy and stakeholder review of revised draft plan by 
regulatory, management and implementing entities.  

 Complete final plan that incorporates revisions as necessary based on comprehensive 
review. 

 Identify mechanisms (entities and funding) to implement strategic plan and implement it.  
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Planning Area 

For planning purposes of this effort, the mid-Columbia geographic area has been subdivided 
into three areas (Figure 1).  The lower mid-Columbia River includes the Columbia River 
mainstem from Bonneville Dam to Priest Rapids Dam and the mouth of the Snake River 
downstream from Ice Harbor Dam.  The upper mid-Columbia includes the Columbia River 
mainstem from Priest Rapids Dam to Grand Coulee Dam.  The lower Snake includes the Snake 
River mainstem from Ice Harbor Dam to Lower Granite Dam.   

This strategic planning effort is primarily focused on the Federal Columbia River Power System 
(FCRPS) portion of the region which includes the entire Lower mid-Columbia and Lower Snake 
areas in their entirety, and a small portion of the upper Mid-Columbia between Chief Joseph 
and Grand Coulee dams.  The mid-Columbia Public Utility Districts (Grant County PUD, Chelan 
County PUD, and Douglas County PUD) are not being excluded from this strategic planning 
effort, but are subject to their own independent planning and coordination processes.   

 

 

Figure 1. Geographic area covered by the white sturgeon strategic planning process. 
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DAY 1 ς JANUARY 26, 2011 

Ray Beamesderfer welcomed participants to the workshop and provided an overview of the 
workshop purpose and context  

The workshop facilitator, Alison Squier, introduced herself and reviewed the workshop agenda.  
She emphasized that the workshop was intended to be an active working session and that 
everyone was expected to participate.  She explained that the workshop organizers hoped to 
extract as many ideas as possible from the participants regarding potential elements of a 
strategic plan.  Given the limited amount of time and number of participants, there would not 
be enough time to discuss many issues in great detail; however, the organizers hoped that the 
broad range of ideas generated through the workshop would help to inform and guide future 
targeted dialogs and development of specific recommendations.  Moreover, as indicated in the 
general workshop milestones, workshop participants will have multiple opportunities to 
provide additional comment and input throughout the strategic planning process and are 
encouraged to do so. 

Each participant introduced themselves and identified their area of expertise, why they had 
come, and what they hoped to gain from the workshop.  Additionally, to break the ice, 
ǇŀǊǘƛŎƛǇŀƴǘǎ ǿŜǊŜ ŀƭǎƻ ŀǎƪŜŘ ǘƻ ǇǊƻǾƛŘŜ ŀ ǊŜǎǇƻƴǎŜ ǘƻΥ άƘƻǿ ŀǊŜ sturgeon like your favorite 
ǇŜǘǎΚέ 

Sturgeon Planning Updates 

 To provide a foundation for the planned work sessions, the workshop organizers asked 
participants to give a series of brief presentations or informal updates which collectively were 
intended to provide a snapshot of the current programs and plans for white sturgeon 
populations throughout the strategic planning area.  This session also addressed one of the 
data gaps identified by the ISRP, specifically the need to develop an effective basin-wide 
management framework for white sturgeon.  Presentation slides are given in Appendix D. 

Lower Columbia River White Sturgeon Conservation Plan  

Christine Mallette and Tom Rien (ODFW) 
presented the Lower Columbia River 
White Sturgeon Management Plan 
(Appendix D, Presentation 1).  ODFW has 
worked with regional white sturgeon 
experts, stakeholders and the public to 
develop this Conservation Plan that 
provides a framework to manage and 
conserve the species, ensuring a viable 
and productive population well into the 
future, while providing sustainable 
harvest opportunities and other societal 
benefits.  The Conservation Plan synthesizes pertinent white sturgeon information from current 
monitoring efforts and available scientific literature.  It is intended to identify and prioritize 
habitat, management and research needs specific to white sturgeon in the lower Columbia 
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River and Oregon Coast.  While this population segment is not at a conservation risk, continued 
preservation and efforts to build a healthy population that is capable of sustaining robust and 
meaningful harvest opportunities is essential.  The Conservation Plan is intended to avoid 
serious depletion of the population segment by determining measurable biological criteria 
(benchmarks) for key population attributes that describe both, a desired population state and 
the conservation state. Major biological attributes are: abundance, distribution, diversity, 
productivity, habitat, and persistence.  

Mallette also described the population viability analysis model (PVA) developed by ODFW to 
measure and assess progress toward the desired population state over time. The model allows 
the estimation of the effects of certain inputs, e.g., starting abundance, growth, and mortality, 
on future population abundance.  When looking at the current status of the full suite of 
biological attributes, it is clear that the lower Columbia River white sturgeon population is not 
at its desired status.  However, it is equally clear that it is above the conservation status, as all 
biological attribute metrics are above the conservation status thresholds.  Critical constraints, 
limiting factors, and threats do exist that could compromise the long- term health of this 
population segment and influence the ability to institute meaningful fisheries.  These factors 
include both biotic and abiotic impacts.  The chief biotic concern is pinniped predation.  Among 
the most concerning abiotic factors are Columbia River flows and flow variability associated 
with the construction and operation of the federal hydropower system (FCRPS).  The 
Conservation Plan presents a suite of recommended management actions designed to remedy 
critical constraints, limiting factors, and/or threats, potentially adverse in-water work activities, 
habitat availability, water quality, and guide fisheries and marine mammal management. 

The development of the Conservation plan has been an iterative process involving multiple 
reviews.  The plan is in the final stages of stakeholder review and will soon be submitted to the 
Independent Multidisciplinary Science Team (IMST) for scientific review.  The final step will be 
to present the Plan to the Oregon Fish and Wildlife Commission for their consideration and 
adoption into State Rule, anticipated for August 2011. 

Lower Columbia River Sturgeon Management and the Accord Process 

Brad James, with Washington Department of 
Fish and Wildlife, presented information on 
the Joint-State Agreement on Lower 
Columbia River Sturgeon Management 
(Accord) process (Appendix D, Presentation 
2).  In October 1996, a management 
agreement referred to as the Olympia 
Accord - was formally adopted by Oregon 
and Washington.  The cornerstone of the 
Accord is the implementation of 3-year 
average harvestable guidelines that are 
based on the most recent abundance 
information.  These guidelines are intended to ensure that cumulative fishery impacts do not 
exceed sustainable levels, as determined by short-term trend indices.  The management 
process involves informational and decision making meetings with the public and co-
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management agencies.  Agreements are based on policy guidance provided by the respective 
state commissions.   

The Accords identify annual harvest numbers, sport/commercial applications etc.  Numbers are 
based on annual population assessments since 1980s using mark-recapture from June marking 
of legal and just under legal sized fish and recaptures from fishery sampling involving an 
extensive sturgeon and salmon angler survey program and sampling commercial landings.  The 
program provides estimates of the abundance of legal-sized fish.  Abundance has ranged from 
about 50,000 to 200,000 from 1987 through 2011 (includes difference sizes due to changes in 
slot regulations).  Estimates account for a portion but not all fish moving outside the lower 
river. 

The long-term trend has been a decline in late 1980s due to increased sport fishing effort and 
harvest.  Harvest was reduced with bag limits, annual limits, and changes in size slot.  Harvests 
increased until the 1990s, but then have begun a steady decreasing trend since then.  Angler 
CPUE data corroborate abundance estimate trends where numbers, including sublegals, are 
declining.  Monitoring also includes tracking of mortality sources.  Weekly carcass surveys are 
conducted during spring and early summer below Bonneville Dam.  A spawning sanctuary is 
provided below Bonneville Dam, which was expanded in 2006 in space and time.  Since then, 
the number of adult carcasses has declined to 5-8 per year, whereas previously as many as 40 
per year were observed. 

Sea lion predation is also being monitored which is a new development since 2004 and has 
increased drastically.  Pinnipeds (Steller and California sea lions) are in the area to take 
advantage of spring Chinook salmon.  Eighty percent of predation encompasses fish less than 4 
ft  in length.  Monitoring efforts in the mile below Bonneville Dam estimated about 1,700-2,100 
sturgeon predation events in 2009 and 2010.  Incomplete observations downstream estimated 
a 1,000 adult size fish removed from the population in 2006-2007. 

A pilot setline monitoring program was initiated in 2009 in an effort to develop a more 
representative population assessment.  For the first time, direct estimates of smaller sizes of 
fish were possible.  In addition, juvenile production monitoring has been initiated.  In 
conjunction with setlining, this predicts future recruitment trends and environmental 
correlates.  In conclusion, we know that numbers of legal and sublegal sized fish have been 
declining in recent years.  Results have been corroborated with multiple indicators.  Annual 
production has been variable ς this is a new conclusion from what was previously believed (ie, 
that production is significant in most years).   

Management actions have steadily reduced harvest levels since 1999.  Earlier estimates of 
sustainable harvest were overestimated based on flawed data, leading to a 25% harvest 
reduction in 1999.  Monitoring then showed that additional reductions were necessary; this 
was initially effective in stabilizing the population.  However, with more recent declines in 
recruitment and juvenile numbers, further reductions were required.  The current trend 
appears to coincide with an increase in predation by sea lions.  These harvest reductions are 
now in the process of being implemented.  Current harvest levels are based on modeling of 
assumed future pinniped predation using population viability modeling.  The future expectation 
is that recruitment will increase. 
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    Photo courtesy of Andrea Drauch Schreier 

Upper Mid-Columbia Mitigation Planning Updates 

Representatives from WDFW, Yakama Indian Nation, Chelan County PUD, Douglas County PUD, 
and Grant County PUD provided brief updates on their respective programs.  

WDFW 

Jeff Korth (WDFW) explained that past agency attention was largely focused on the lower river 
and the upper mid-Columbia became a brewing kettle.  Relicensing efforts provide the impetus 
for increased attention in the area between McNary and Chief Joseph Dams.  Active 
participants include WDFW, tribes, Grant County PUD and Chelan County PUD.  Douglas County 
t¦5Ωǎ license is forthcoming.  Freshwater Fisheries Society of British Columbia and Golder and 
Associates are also involved.  We are on track to put fish in the river in 2011.  It became 
apparent that stocked fish would affect PUD reservoirs and areas downstream spurring 
extensive discussions among the parties including coordination, responsibilities, broodstock 
sources, etc.  

Chelan County PUD 

Joe Miller with Chelan County PUD explained that they have developed a white sturgeon 
management plan (http://www.chelanpud.org/rr_relicense/rdocs/sa/031006/8291_2.pdf) as 
part of the FERC license for Rocky Reach Dam, which they are in the process of implementing.  
6,500 white sturgeon are being reared at Yakama and at their own facility as part of the white 
supplementation program for release as yearlings into the Rocky Reach Reservoir each year for 
three years, with subsequent annual release levels to be determined by the Rocky Reach Fish 
Forum (RRFF).  They are also implementing monitoring and evaluation programs including 
acoustic studies using salmon array.  They are working with managers to develop a broodstock 
collection and juvenile release strategy.  Last month Chelan County PUD hosted a technical 
monitoring and evaluation meeting. 

http://www.chelanpud.org/rr_relicense/rdocs/sa/031006/8291_2.pdf
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Grant County PUD 

Mike Clement described DǊŀƴǘ /ƻǳƴǘȅ t¦5Ωǎ Ǝƻŀƭ for the Priest Rapids Project (Priest Rapids 
and Wanapum reservoirs) sturgeon program is to restore populations consistent with habitat.  
A broodstock matrix is being developed.  Sturgeon planning and assessment work has been 
conducted with the assistance of Golder Consulting and the Freshwater Fisheries Society of 
British Columbia.  A significant early finding is excellent growth of CRITFC fish that have 
migrated downstream from release into problem areas. 

Douglas County PUD 

.Ŝŀǳ tŀǘǘŜǊǎƻƴ ōǊƛŜŦƭȅ ǊŜƳŀǊƪŜŘ ǘƘŀǘ 5ƻǳƎƭŀǎ /ƻǳƴǘȅ t¦5Ωǎ ǎǘǳǊƎŜƻƴ ŜŦŦƻǊǘ is in development.  
A new development is concern for ESA-listed salmon. 

Yakama Nation 

Steve Parker provided an update on developments of the YN tribal hatchery program.  
Broodstock have been obtained and spawned.  Fish are on station ready to be outplanted in the 
spring.  In the course of implementing this program, it has become apparent that more 
guidance is needed on the tradeoffs of collecting broodstock from a narrow area vs. limitations 
of family size, etc. from the small remaining populations.  It may not be feasible to obtain 
enough broodstock in the local area.   

Summary of White Sturgeon Strategic Planning Workshop I Proceedings 

Ray Beamesderfer gave a summary of the 
Proceedings of the first White Sturgeon 
Strategic Planning Workshop (Appendix D, 
Presentation 3).  The series of work sessions 
helped to identify a range of potential 
visions, goals, objectives, and strategies for 
white sturgeon in the lower mid-Columbia 
River and Snake River impoundments.   

Work sessions produced a shared regional 
vision for mid-Columbia white sturgeon 
consisting of: 

Abundant and diverse white sturgeon populations and optimum sustainable fisheries 
throughout the historical range, achieved by a combination of natural production and 
supplementation, and supported through an adaptive, collaborative, coordinated, and 
science-based mitigation, management, monitoring, and evaluation program. 

Three potential goals enjoyed broad support among workshop participants: 

1. Viable, persistent populations throughout their historical range, where feasible. 

2. Significant, stable and sustainable fisheries and harvest. 

3. Diverse, functional ecosystem supporting essential habitat, conditions, and resources. 
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Participants identified a variety of objectives consistent with these goals.  Objectives included 
biological characteristics such as abundance, natural recruitment, age structure, and 
distribution consistent with long term population viability; desirable fishery harvest and yield 
levels; and habitat conditions related to sturgeon status and production.   

Goal 1:  Viable, persistent populations throughout their historical range, where feasible. 

 Population(s) that have high probability of persistence over several generations 

 Natural spawning and recruitment to extent possible with available habitat 

 Increased or expanded natural production potential  

 Consistent recruitment through harvestable size range adequate to sustain natural 
spawning population 

 Broad, stable age class structure for juveniles and adults 

 Abundance consistent with natural carrying capacity and yield potential. 

 Stable genetic diversity comparable to historic levels 

 Populations distributed throughout the historic range where habitat is suitable 

Goal 2:  Significant, stable and sustainable fisheries and harvest. 

 Annual harvest optimized at current habitat capacity 

 Fish populations that can support a potential target harvest or yield per geographic unit 
area 

 Annual commercial fishing seasons that achieve meaningful economic benefits 

 Year-round sport fishing season retention fisheries basin-wide 

 X number of fish available for X angler days 

 Shared benefits among the fisheries with recognition of regional distribution of access 
by different entities 

 Fish health suitable for human consumption 

Goal 3:  Diverse, functional ecosystem supporting essential habitat, conditions, and 
resources. 

 Flow regimes that are conducive to spawning in terms of quality, quantity and timing 

 Annual high quality temperature-conditioned spawning habitat as defined by Parsley 
and Beckman (1994) in area of focus 

 Balanced or natural prey predator balance in terms of managing natural white sturgeon 
mortality and native prey base 

A number of related strategies were discussed including population management, fisheries, 
water management, passage/connectivity, contaminants, hatchery supplementation, research, 
monitoring, evaluation, and program implementation. 

At the request of several participants, a group discussion about the pros and cons of 
supplementation was also included.  A spectrum of support for this strategy was evident among 
workshop participants, ranging from enthusiastic endorsement to a more measured willingness 
to embark on a careful evaluation.  Virtually all participants recognized the need for careful 
evaluations to avoid the potential pitfalls of supplementation that have been highlighted by 
past experience with salmon hatcheries throughout the Pacific Northwest.  In particular, it is 
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critical that the goals and objectives of sturgeon supplementation be clearly articulated in order 
to provide a sound basis for evaluation of program effectiveness.  Workshop discussions 
highlighted a number of hatchery-related risks and issues that will inform further 
considerations of this alternative during the formal strategic planning process. 

Summary/Synthesis 

Conservation, restoration, mitigation and management of Columbia River white sturgeon is 
complicated by their widespread distribution, fragmented population structure, and population 
differences throughout their range.  The broad distribution over hundreds of miles of river 
yields an overlapping patchwork of involvement and jurisdiction by a wide spectrum of 
interests, agencies, and authorities.  Specifics of characteristics, status and limiting factors for 
each subpopulation must be individually considered.  Differences among subpopulations will 
also require different treatments and remedies.   

A series of regional planning and coordination efforts have evolved to address sturgeon issues 
in different parts of the basin (Figure 2).  Specific to each management unit, management, 
habitat, and research needs can be identified and prioritized in individual conservation and 
management plans.  Plans already exist for several of the nine Columbia River basin 
management units including the Lower Columbia, the upper mid-Columbia Transboundary 
Upper Columbia, the Kootenay Lake and Kootenai River, and the Middle and Upper Snake.  A 
conservation and management plan for the Lower Mid-Columbia and Lower Snake is underway.   

 

Figure 2. Depiction of planning areas for white sturgeon conservation, management, mitigation and 
recovery efforts currently underway throughout the Columbia and Snake river basins. 
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Factors Limiting Natural Recruitment & Prospects for Improvement 

This session addressed one of five key data gaps identified by the ISRP for white sturgeon in the 
Columbia basin.  The ISRP has reported that despite more than a quarter century of research, it 
is not clearly understood exactly why sturgeon reproduction and recruitment are much greater 
below Bonneville Dam than elsewhere in the Basin.  This session included a series of 
presentations describing what is known about factors limit Columbia River sturgeon and a 
facilitated work session to identify a relatively comprehensive list of the range of potential 
limiting factors. 

Population Fragmentation & Habitat Limitations 

Ray Beamesderfer gave a brief presentation to introduce the next agenda topic of factors 
limiting natural recruitment (Appendix D, Presentation 4).  White sturgeon historically had 
access to range hundreds up miles upstream in the Columbia and Snake rivers.  These large 
river systems included diverse habitats which were distributed in large scale patterns 
corresponding to the surrounding topography.  River conditions were extremely dynamic with 
large seasonal and annual variations in stream flow, temperature, and resource availability.  
Sturgeon have evolved life histories which allow them to thrive in these large, diverse and 
dynamic river systems, ranging widely to take advantage of scattered and seasonally-available 
food resources including other anadromous prey species.  Dam construction has now 
fragmented the river and the sturgeon population into a series of semi-isolated segments 
where conditions are no longer optimal for completion of the sturgeon life cycle.  Productivity 
of impounded sturgeon subpopulations is currently much less than that of the unimpounded 
population downstream from Bonneville Dam.   

Recruitment of juvenile sturgeon is particularly limiting in many areas owing to availability of 
spawning habitat and flow effects on habitat suitability.  In John Day Reservoir for instance, 
available spawning habitat can vary substantially from year to year as suitability is positively 
correlated with flow during the spawning season.  As a result, sizeable year classes of sturgeon 
occur only sporadically in John Day Reservoir and recruitment does not appear sufficient to 
maintain a large local population.  Similar flow-recruitment relationships were observed in The 
Dalles Reservoir, except that suitable conditions occur at lower flows than in John Day Reservoir 
because of differences in channel 
morphology in spawning areas of the 
dam tailraces.  Thus, year-class strength 
is more consistent in The Dalles 
Reservoir and the population is larger 
than in John Day Reservoir.  Bonneville 
Reservoir provides suitable spawning 
conditions at even lower flows.  Hence, 
substantial sturgeon recruitment occurs 
in Bonneville Reservoir in most years.  
Habitat-flow assessments have not been 
completed in other reservoirs farther 
upstream in the Columbia or Snake 
rivers.  However, the documented poor 
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recruitment in many of those areas is likely related to habitat limitations under prevalent flow 
conditions. 

Lower Mid-Columbia Recruitment Indexing  

Tucker Jones with ODFW gave a presentation on long term recruitment indexing at 
standardized sites using gillnets (Appendix D, Presentation 5).  Work has been conducted in 
three reservoirs downstream of McNary Dam and beginning in 2004 was extended downstream 
of Bonneville Dam.  The index, in impounded reaches, is based on the proportion of sets where 
age-0 white sturgeon were caught.  This is an effective metric to use where there are a lot of 
sets with no catch, however results are reservoir specific and should not be compared between 
areas.  Previous work has also been conducted in the Snake and upper mid-Columbia rivers.   

Bonneville Reservoir typically produces recruitment in every year based on historical trawl and 
current gill net index data.  In The Dalles Reservoir, recruitment has been more variable though 
in the last 5-years there appears to have been some level of recruitment.  In John Day 
Reservoir, there was no measureable recruitment for multiple consecutive years, however, 
there has been some observed in 3 of the last 5 years.  It is a similar story in McNary, Ice 
harbor, and Little Goose:  little or no 
recruitment in most years.  (The data from 
Ice Harbor and Little Goose are from fewer 
years, but they are planning to sample 
again this contract cycle.)  Sampling 
downstream of Bonneville Dam has shown 
recruitment in most years.  A higher CPUE 
in this area provides the opportunity to 
potentially look at more fine-scale 
differences; this information suggests that 
significant variation in year class strength 
may be occurring downstream from 
Bonneville as well.   

Although direct comparisons between areas are not appropriate with this measure of 
recruitment, our annual indexing has allowed for general conclusions: in general, recruitment 
seems to vary by year and within area, with areas downstream of John Day Dam exhibiting 
recruitment regularly; broad patterns are also discernible, e.g., good years appear to be good 
years (and vice versa) across areas; and flow is good for white sturgeon recruitment inasmuch 
as recruitment has been noted in all areas indexed when total discharge from McNary Dam is 
җ250 kCFS.  

Salmon have been studied for hundreds of years by thousands of people ς sturgeon have been 
studied for ~25 years by a handful of people ς it is not surprising that we are still uncertain how 
different variables may affect recruitment on a finer scale.  That being said, we hope to be able 
to better answer some of these questions by comparing information collected during our 
annual recruitment indexing activities with physical information collected by others, e.g., 
daily/hourly fluctuations in water level associated with power peaking activities.  
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CƻƭƭƻǿƛƴƎ ¢ǳŎƪŜǊΩǎ ǇǊŜǎŜƴǘŀǘƛƻƴΣ ǘƘŜǊŜ ǿŀǎ ŀ ǎƘƻǊǘ ŘƛǎŎǳǎǎƛƻƴΥ   

  In the Nechako River, the same low flow patterns have been observed.  In those years, 
there is also a lot of sedimentation ς is this a cause? 

 Relative to other systems, turbidity is much less than in unaltered systems.  Is 
turbulence the best factor?  What are the feeding conditions ς are they better in some 
years such that food is available to juveniles to grow fast and avoid predators? 

 Ray Beamesderfer provided a list of hypotheses:  predation/turbidity, sedimentation, 
flooded riparian habitat and referenced Mike tŀǊǎƭŜȅΩǎ ǇŜǊƛƻŘƛŎŀƭƭȅ ǳǘƛƭƛȊŜŘ Ƙŀōƛtat at 
Ives Island.  

 How might we be able to characterize conditions in different reservoirs such that might 
categorize how they might respond one way or another to different flows?  Fine scale 
habitat mapping (eg., Upper Columbia, Snake, Nechako).   

 Constricted tailraces that provide suitable conditions over a wider range of flows are 
better than wider, shallower tailraces. 

Upper Mid-Columbia Assessments and Limiting Factors  

Larry Hildebrand with Golder Associates gave a presentation on mid-Columbia River 
assessments and limiting factors (Appendix D, Presentation 6).  In the lower Columbia, white 
sturgeon populations continue to support some level of use.  In the Snake River, there are only 
two populations that are self-sustaining, the rest are primarily remnant populations.  The status 
of upper Columbia populations is poor and the species is listed in Canada under the Species at 
Risk Act (SARA).   

Assessments of upper Columbia populations 
have been completed based on setlining.  
There is a major population of about 3,000 fish 
in the transboundary reach which extends 
from Grand Coulee Dam in the US upstream to 
H. L. Keenleyside Dam in Canada.  There are 
drips and drabs of recruitment in every year 
under low and high flow conditions; however, 
it is not sufficient to sustain the current 
population size.  A leading hypothesis is that 
the limiting factor may be related to predation 
on juveniles by introduced species; juveniles 
are more vulnerable to site feeding fish owing 
to the reduction in water turbidity that followed construction of large reservoirs upstream.  We 
have identified several spawning areas and are finding more each time we look.  Some sites are 
used in every year under a broad range of flow.  Egg deposition has been correlated with 
bottom velocities of >1 m/s.  Many areas appear to meet basic requirements for spawning, but 
only a few are selected for spawning.  One of the preferred sites at Waneta provides a 
combination of high velocities under a wide range of flows plus warmer temperatures and 
higher turbidity.  In the upper Columbia below Revelstoke, there is a limited reach of spawning 
habitat; the bed is heavily armored and temperatures are very cold.  Last year, an experiment 
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was conducted over artificial spawning beds ς this study found that the clean substrate 
retained way more embryos and larvae than the armored current riverbed.   

Hatchery supplementation efforts are ongoing ς survival has been highly correlated with size of 
release which provides some support for the predation hypothesis.  Excellent growth  (similar 
to below Bonneville Dam) has been observed below Keenleyside Dam because of entrainment 
of mysids from Arrow.  Stocking has been going on since 2002 and no indication of density 
dependence has been observed, although at some point it is expected.   

In the upper Columbia upstream from Keenleyside Dam, there is a remnant population in 
scattered among Kinbasket, Revelstoke, and Arrow areas.  Recruitment is not measurable, but it 
is known to occur at a low level.   

In the middle Columbia (Priest Rapids to Chief Joseph Dam), PUD reservoir assessment 
programs have provided information on abundance and size/age structure.  Wanapum 
Reservoir has about 500 sturgeon, Priest Rapids Reservoir about 130, and the rest are smaller.  
The trend in these populations is declining or possibly stable at a low level.  All of these 
reservoirs are either catch-release only or closed to harvest.  Spawning occurs in both 
Wanapum and Priest Rapids reservoirs.  In a 2003 assessment of Wanapum Reservoir, 20% of 
the population was juveniles.  Observed growth has been good.  The current management plan 
calls for natural recruitment with interim hatchery supplementation and a monitoring 
component.  Monitoring will include hatchery effectiveness assessment, downstream 
movements, carrying capacity, etc.  Broodstock collection and breeding plan is a component: 
includes 3x3 matrix and source matrix.  Initial targets of 6,500 have been reduced to 5,000.   

In 2010, the Wanapum population was reassessed (previous was 10 years old).  A telemetry 
program is also in place to monitor movements.  An initial objective was to guide broodstock 
collection efforts.  Experience has shown that it takes several years to find where to catch fish.  
Last year, only 3 suitable broodstock were captured, but it is expected that this can be 
increased.  Monitoring with egg mats continues to document spawning in tailraces.  This 
assessment found no wild juveniles, but substantial numbers of hatchery fish recruited out of 
Rock Island.  It is unclear what happened to the juveniles in Wanapum that were observed 10 
years ago.   

Substantial numbers of the 20,600 hatchery sturgeon released by CRITFC in Rock Island 
Reservoir in 2003 have been subsequently captured in downstream reservoirs as far as The 
Dalles, but primarily in other PUD reservoirs.   More of the CRITFC hatchery fish are caught in 
Wanapum Reservoir than in Priest Rapids Reservoir; Wanapum appears to provide more 
suitable habitat.  Larry noted an interesting pattern from hatchery releases in the upper river: 
the pattern of aggregation related to density ς fish appear less likely to move downstream as 
much now when they are more likely to encounter other juveniles.  It is not surprising that fish 
moved out of Rock Island Reservoir, which is short and fast; it is unclear how long fish have 
been in Wanapum Reservoir or how long they are likely to stay.  (Initial focus of CRITFC 
hatchery fish was that it was thought that the smaller system would be easier to monitor with 
limited effort that some of the larger pools.)  Larry noted that there is a difference between 
entrainment and downstream movement.  It is uncertain whether downstream movement is 
related to domestication or size at release.  Pending analyses will look at size vs. movements.   
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Facilitated Work Session ς Factors Limiting Natural Recruitment and Prospects 
for Improvement 

Ray Beamesderfer introduced the first facilitated work session and explained that the desired 
outcome was development of a relatively comprehensive list of the range of factors that are 
thought to limit natural recruitment and identification of participants views regarding prospects 
for recruitment.  

Alison Squier, the meeting facilitator, reviewed the questions that participants were asked to 
respond to: 

1. Why is recruitment much greater in some areas than in others? 
2. Why is recruitment inconsistent or falling among most inland populations?  
3. What is the likelihood for increasing natural recruitment? (High, medium, low ς why?) 
4. What opportunities or remedies might reasonably be pursued? 

 

 

Workshop participants discuss factors limiting natural recruitment 
 

Alison explained the structure and process for the work session: 

 All participants were asked to individually write answers to the questions above. 

 Participants divided into three groups. 

 CƻǳǊ άǎǘŀǘƛƻƴǎέ ǊŜǇǊŜǎŜƴǘƛƴƎ ŜŀŎƘ ƻŦ ǘƘŜ ŦƻǳǊ ǉǳŜǎǘƛƻƴǎ ŀōƻǾŜ ǿŜǊŜ ǎŜǘ ǳǇ ŀnd each of 
the groups rotated to 3 out of the 4 stations (between all of the participants all of the 4 
topics were addressed) to develop statements in response to each of the questions.   

 Using colored garage sale stickers, participants were asked to identify the level of 
certainty associated with each of the statements (in these notes this is translated into 
1=high level of certainty, 7=low level of certainty) 

 Each group was responsible for reporting back on their discussion at the first station 
they visited.  

 !ƭƭ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿŜǊŜ ŀǎƪŜŘ ǘƻ ǇǊƻǾƛŘŜ ŀŘŘƛǘƛƻƴŀƭ ƛƴǇǳǘ ƻƴ ǘƘŜƛǊ ƎǊƻǳǇΩǎ ŘƛǎŎǳǎǎƛƻƴǎ ŀǘ 
each of the stations.  
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The following is a summary of the flip chart notes from each station, with notes from the 
Ψreport backΩ discussion presented after each set of flip chart notes and level of certainty 
ranking.  Additional individual responses to these questions are presented in Appendix C.  

 

1. Why is recruitment much greater in some areas than in others? 

 

Statement 

Certainty 

(1 = high; 7 = low) 

Habitat (complexity, quantity, quality) 1 

Hydraulic/operational 1 

Habitat connectivity (full suite of) 1 

More natural river functions 1 

Predator density/composition 2 

Water quality ς temperature, pollutants, hydrograph suitability 2 

Prey density/productivity/ access to marine resources 3 

Degrees of active management for species 4 

Population (sub) sizes variable 5 

Stress-induced spawning success failures (i.e., caused by 
catch/release, handling, contaminants) 

7 

Genetic bottleneck effects 7 

Effect of conflicting mandates 7 

Geography ς some areas better e.g., farther upstream lower 
productivity 

N/A 

Size of spawning population (distinct age class structure) N/A 

Composition of predators N/A 

Quality of spawning and rearing habitat for early life stages N/A 

Access to marine resources N/A 

Composition of prey N/A 

 
Question 1:  flip chart notes/ discussion points:  

 Combination of factors result in annual conditions.  In many populations, it is unclear 
whether there are sufficient numbers of fish to take advantage of occasional conditions.  
In small populations, there is simply not the sheer number of fish produced to provide 
significant numbers  

 High certainty: numbers 1-5 grouped and rated highly reflecting aggregate effects, for 
instance, highlighting stock limitation flow interaction 

 Intermediate:  these where uncertain enough not to rank within the group. 

 Low: donΩǘ ƪƴƻǿ ǿƘŀǘ ƘƛǎǘƻǊƛŎŀƭ ƛƴƭŀƴŘ ǇƻǇǳƭŀǘƛƻƴǎ ƭƻƻƪŜŘ ƭƛƪŜΦ  IȅǇƻǘƘŜǎƛȊŜ ǘƘŀǘ ǿŀǎ 
better. 

 Reservoir length and complexity is directly related to population viability 
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2.  Why is recruitment inconsistent or falling among most inland populations?  

Statement Certainty 

Lack of adults ς diversity 1 

Annual effective spawning population size 

 Take advantage of ideal conditions 

 Hedge bets during poor year 

1 

Flow (spill) 

 Not enough? 

 Not the right type/timing? 

1 

Correlation between spawning habitat, flow, and predation 2 

Reach/reservoir length ς simplification of habitat ς impoundment 4 

Temperature window in reservoirs much narrower than historic 4 

Reservoir/reach productivity 

 Marine derived nutrients 

 Mobility to get nutrients 

4 

Contaminants 7 

Historical spawning and recruitment 7 

Predation 

 Increased?  

 Problem? 

 Dispersion 

 Refuge 

 Turbidity/feeding effectiveness 

 Evolution with new species composition from historic 

N/A 

 
Question 2: Flip chart notes/ discussion points:  

 Stress-induced spawning failures ς related to handing and catch release including 
multiple handling in heavily utilized fisheries. 

 Geography: some areas better, productivity may be lower upstream 

 Water quality 

 Size of spawning population, and size/age composition & sex ratio 

 Predator base may be important: mammals, birds, fish 

 Habitat quality by life stage 

 Access to marine resources. 

 Composition of prey: life stage specific requirements must be considered 

 Genetic bottleneck effects 

 Effects of conflicting mandates: where managing for many different things. 

 High or intermediate:  none 

 Low:  low ranking of Zone 6 reservoirs due to observation that similar numbers of adults 
ōǳǘ ŘƻŜǎƴΩǘ ǎŜŜƳ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ǊŜŎǊǳƛǘƳŜƴǘ ǇŀǘǘŜǊƴǎ.  However, might be ranked 
higher in lower abundance situations.   

 Did some consolidating of lists in the ranking stage 
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3. What is the likelihood for increasing natural recruitment? (High, medium, low ς why?) 

Statement Certainty 

Variable across geography and scale (one versus many tailraces) 1 

Stock limitation may be a factor (limited broodstock) 1 

May be higher in some areas but not all (where have good broodstock there are 
operational opportunities  

1 

Large and costly investments in additional research may or may not prove 
effective. 

1 

Likely solutions may interact with salmonid management 1 

Opportunities for success are likely to be less in more restricted area (Rocky 
Island) 

2 

At a gross scale it may be technical feasible but the reality/political feasibility 
may not 

2 

Prospects may be more likely in specific populations (e.g., HLK versus PR) 2 

Prospects might be higher in lower populations due to downstream drift and 
rood resources 

2 

Experimental evaluations might prove more informative than mechanistic, 
observational, or laboratory approaches (or vice versa) 

2 

High if, or low unless, effective (not genetically) population sizes can be 
established (via supplementation as an example) as a bases 

2 

Where low due to man-made perturbations then supplementation is a primary 
tool toward increased population sizes ς as a base population to evaluate 
limiting factors to natural recruitment and to inform adaptive management 

2 

High if augmentation occurs in consideration of habitat, restoration, 
responsible harvest management, etc.  

2 

May be more difficult the farther upstream you go 3 

Prospects are liable to be less in less riverine reaches 3 

Driving mechanisms still largely unknown 3 

Success in other population to sturgeon supplementation (?) has been poor 
(except Lake sturgeon) 

3 

Prospects may be affected by predator levels in specific areas 4 

Unclear and generally low 4 

Unclear but possibly HT (depends on will and $) 7 

 
Question 3:  Flip chart notes/ discussion points: 

 Volume & timing of flow components 

 !ƴȅǘƘƛƴƎ ǿƛǘƘ άƳŀȅέ received a high sticker. 

 High:  note broodstock limitation is a matter of scale ς ŘƛŦŦŜǊŜƴǘ ōŜǘǿŜŜƴ млллΩǎ ǾǎΦ ŀ 
hundred.  High certainty that will have to balance salmon and sturgeon remedies 

 Intermediate:  none 

 Low:  only one ς was unclear, but possibly high.    
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4.  What opportunities or remedies might reasonably be pursued? 

Statement Certainty 

Expand (new or enlarge) spawning sanctuaries to protect breeding 
population (where necessary) 

1 

Flow and turbulence 1 

Supplementation as necessary 

 Broodstock  

 Appropriate life stage supplementation 

 Reduce early life stage predators (through population larger 
sturgeon) 

1 

Close/limit fisheries where necessary 1 

Spawning reefs 1 

Institute safer power operations (e.g., slow roll) 1 

Better consultants 1 

Adding substrate 2 

Dam specific hydro ops 2 

Trap and haul (passage) 2 

Enforcement to increase sanctuary effectiveness (where necessary) 4 

More focused early life history/survival limiting factors 4 

Upstream passage (volitional fish ways, etc.) 5 

Modify channel morphology 5 

Effective predator removal 6 

Turbidity/cover 7 

Tribes have tools not available to states/feds N/A 

Ask for help from irrigators, hydro ops and barge transporters N/A 

Direct observation diving/UW video N/A 

Collect Tribal knowledge N/A 

Site-specific remedies N/A 

Angler education N/A 

Flow stabilization (limit peaking variability ς consistent) N/A 

Columbia River Treaty ς more water 

 Prioritize fish 

N/A 

Increase native prey base N/A 

Multiple opportunities pursued concurrently N/A 

 
Question 4:  flip chart notes/discussion points: 

 Interesting to note that all groups focused on a list of factors 

 High or low unless effective population sizes can be established 



Mid-Columbia Sturgeon Workshop - January 2011 30 

 Rankings:   

 High priorities ς even though some things were priorities, there were geographical 
caveats.  They would be easy to do were easy to do.  Flow & turbulence.  
Supplementation.  Close limit fisheries (highly dependent on location, traditional 
ƘŀǊǾŜǎǘŜǊǎ ƘŀǾŜ ōƻǊƴŜ ǘƘŜ ōǊǳƴǘ ŀƴŘ ǎƘƻǳƭŘƴΩǘ).  Everybody agreed we could get better 
consultants. 

 Intermediates: dam operations 

 wŜŘΥ ǎƻƳŜ ǘƘƛƴƎǎ ǳƴŎŜǊǘŀƛƴ ōǳǘ ǿƻǳƭŘƴΩǘ ōŜ ǘƻƻ Ŏƻǎǘƭȅ ǘƻ ǘǊȅΣ ƭƛƳƛǘŜŘ ŦŜŀǎƛōƛƭƛǘȅ ƻƴ ŜƎƎ 
and larval predators suckers and sculpins 

Summary/Synthesis 

Sporadic or failing natural recruitment is characteristic of impounded sturgeon populations 
throughout the basin.  However, substantial uncertainties remain in our understanding of 
factors limiting sturgeon reproduction and recruitment, despite more than a quarter century of 
research.  More significantly, avenues and prospects for improvement are unclear. 

Productivity of sturgeon downstream from Bonneville Dam is much greater than upstream 
areas where dam construction has fragmented the river and sturgeon into a series of semi-
isolated segments where conditions are no longer optimal for completion of the sturgeon life 
cycle.   

Sturgeon spawn in a number of areas of the Columbia River gorge downstream from Bonneville 
Dam.  Suitable spawning and incubation conditions occur over a wide range of flows.  
Significant recruitment occurs virtually every year and sustains a very large sturgeon 
population.  This population continues to support significant fishery opportunity, unlike most 
impounded populations. 

In contrast, research in lower mid-Columbia reservoirs (Bonneville, The Dalles, John Day) has 
determined that: 1) substantial spawning activity occurs each year in practically all 
subpopulations; 2) recruitment of juveniles is highly variable from year to year; 3) recruitment 
patterns vary substantially from reservoir to reservoir; 4) spawning habitat availability is related 
to differences in morphology of dam tailraces where sturgeon are spawning; and 5) spawning 
habitat availability and recruitment are positively and significantly correlated with annual 
differences in river flow volume during spring.  In general, constricted tailraces that provide 
suitable conditions over a wider range of flow result in more consistent recruitment from year 
to year.  Sturgeon abundance in each reservoir is directly related to differences in recruitment 
patterns.   

Little or no recruitment is observed in most Columbia and Snake River reservoirs upstream from 
McNary Dam.  Small populations consisting primarily of adults remain in several upper mid-
Columbia reservoirs.  These fish continue to spawn, but reproduction is largely unsuccessful.  
An experimental release of hatchery fish in 2003 has demonstrated that conditions in the 
reservoirs are favorable for survival and growth in the juvenile life stage, but substantial 
numbers of these small sturgeon have been entrained or migrated into downstream reservoirs. 

Only two small, self-sustaining populations exist, both in portions of the Snake River with 
sizeable reaches of free-flowing river. In the transboundary population of the upper Columbia, 
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only low levels of recruitment occur despite access to a long reach of unimpounded river 
upstream from Lake Roosevelt, This subpopulation is in decline and has been listed in Canada 
under the Species at Risk Act.  Recruitment failure appears to result from different causes in 
upper Columbia than in many other reservoir sturgeon populations.  Spawning occurs in a 
number of sites which appear to provide suitable conditions over a wide range of flows.  A 
leading hypothesis is that the limiting factor may be related to predation on juveniles by 
introduced species; juveniles are more vulnerable to site feeding fish owing to the reduction in 
water turbidity resulting from construction of large reservoirs upstream. 

Workshop participants concluded with a high degree of certainty that recruitment is much 
greater in some areas than others due to differences in: 1) habitat complexity, quantity, and 
quality, 2) hydraulic or operation effects of flow, 3) habitat connectivity, and 4) normal river 
functions.  Predators and water quality were also identified as likely factors.  Differences in prey 
availability, management intensity, density-related factors, stress effects, low spawning stock 
numbers, and effects of conflicting mandates were also identified as potential factors, albeit 
with a lower degree of certainty in effect. 

Workshop participants concluded with a high degree of certainty that recruitment is 
inconsistent or falling among most inland populations due to: 1) low diversity, 2) lack of adults, 
and 2) flow levels that were either too low or not the right type or time.  Predation was also 
identified as a likely factor.  Reservoir length and habitat simplification, narrower temperature 
windows, and reductions in food productivity or access were also identified as potential factors, 
albeit with a lower degree of certainty in effect.  

With respect to the likelihood for increasing natural recruitment, workshop participants found 
with a high degree of certainty that it will be variable across geography and scale, prospects will 
be higher in some areas than others, broodstock limitations may be a factor, large and costly 
investments in additional research may or may not prove effective, and possible solutions may 
interact with salmonid management.  It was also apparent that prospects may be better in 
areas with larger, more diverse habitats and populations lower in the system supported by 
downstream drift and better food resources.  At the same time, it was recognized that 
improvement might be technically feasible at a gross scale but may not be politically realistic. 

Workshop participants concluded with a high degree of certainty that reasonable opportunities 
or remedies might include: additional fishery limitations, flow measures, hydro operations, 
creation of artificial spawning habitat, appropriate supplementation and, of course, better 
consultants. 
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Day 1 Closing Comments 

Tƻ ǿǊŀǇ ǳǇ 5ŀȅ м ƻŦ ǘƘŜ ǿƻǊƪǎƘƻǇΣ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿŜǊŜ ŀǎƪŜŘ ǘƻ ŦƻǊƳǳƭŀǘŜ άƭŀǎǘ ǿƻǊŘ 
stateƳŜƴǘǎέ ŎƻƳǇƻǎŜŘ ƻŦ ǎŜǾŜƴ ǿƻǊŘǎ ƻƴƭȅΦ  ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƛǎ ŀ ƭƛǎǘ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘ ǊŜǎǇƻƴǎŜǎΥ 

 Interesting inconsistencies between 
what is impacting & what we need to 
fix 

 Management sufficient funding 
habitat assessment, supplementation 

 Complex problems 

 Ramifications of contaminants 

 WƘŀǘ ŦŀŎǘƻǊǎ ǊƛǎŜ ǊŜŎǊǳƛǘƳŜƴǘΣ Χ 
below BV pop 

 What hope for sturgeon he who shall, 
so shall he who 

 Excited about sturgeon enhancement 
coming to mid Columbia 

 L ŎŀƴΩǘ ǿŀƛǘ ŦƻǊ ƎƻƻŘ ǎŎƛŜƴŎŜ 
tomorrow 

 Sturgeon challenges create many 
opportunities for funding 

 Uncertainties, variable cumulative 
alternate supplementation likelihood 

 Patience knowledge, finite future 
limitation 

 Speechless 

 Unclear what we do with this info 

 Habitat, research 

 For their sake we need to succeed 

 Industry finance 

 Flow good for smolts good for 
sturgeon 

 Fast facts perception reality 

 Preserve broodstock, manage hydro, 
recovery 

 Multifaceted problems, hatcheries 
part of solution 

 
 
 
 

 
      Photo courtesy of David Gluns (UCSWRI) 
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DAY 2 ς JANUARY 26, 2011 

Genetic Population Structure & Management Units 

Understanding the historical and current genetic population structure of white sturgeon 
throughout the basin will be one of the keys to developing and implementing effective sturgeon 
conservation, management and mitigation programs.  This session addressed one of the data 
gaps identified by the ISRP, specifically the need to develop an effective basin-wide 
management framework for white sturgeon.  The ISRP was particularly concerned about a 
perceived lack of a unifying vision ς whether the best long-term approach is to emphasize 
recovery of wild sturgeon wherever possible or to turn Columbia Basin white sturgeon into 
predominately, and perhaps almost exclusively, a hatchery-maintained species.  At the same 
time, hatchery conservation or mitigation programs are already underway and program 
managers are attempting to answer difficult questions regarding appropriate broodstock 
sources and hatchery protocols to maintain population diversity.  A review of the current 
information on sturgeon genetics provided baseline information for subsequent discussion of 
genetic population units for use in basin-wide sturgeon planning efforts. 

Review of Historical Genetic Studies 

Paul Anders, with Cramer Fish Sciences and the 
University of Idaho, began the presentation with 
a brief introduction on the biology and current 
status of white sturgeon in the Columbia River 
Basin, along with factors affecting their 
demographic and genetic status (Appendix D, 
Presentation 7).  He then discussed past and 
current population genetic conditions, available 
analyses, and their utility, along with a multi-
metric approach for managing the species at the 
Columbia basin scale and beyond.  

During the past 10,000 years, white sturgeon population structure in western North America 
was shaped by post-glacial recolonization from common refugia.  By 1900, commercial harvest 
reduced abundance below levels needed to support the industry, which took over 40 years to 
recover.  Subsequent hydropower development and dam construction have restricted 
migration and gene flow, further affecting spatial and genetic population structure.  The hydro 
system has also replaced bi-directional gene flow, a natural source of genetic variation, with 
predominantly downstream gene flow.  Habitat alteration, loss, and landscape development 
have also likely affected population status and genetic population structure.   

Beginning in the 1980s, allozyme analyses provided the first general picture of sturgeon 
population structure.  With relatively low resolution, allozymes were suitable for distinguishing 
large-scale population structure or river basins of origin, but were unsuitable for resolving 
contemporary fine-scale and recent population identity and divergence questions.  During the 
1990s, white sturgeon mitochondrial (mtDNA) analyses were developed.  These analyses 
provided valuable insight into population structure but lacked bi-parental gene flow.  For 
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example, if male gene flow patterns differ considerably and consistently from those of females 
in the same population, resulting effects on population structure would be largely undetected.  
High-resolution, bi-parental (nuclear) microsatellite markers were first applied to sturgeons by 
the early 2000s.  Microsatellite analyses provide considerably greater resolution than previous 
marker systems and have now been applied species-wide. Ongoing analyses will provide useful 
population identity and structure information to assist white sturgeon conservation and 
management. 

Dr. Anders also presented an empirical, multi-metric example of integrating genetic analyses 
into lake sturgeon (Acipenser fulvescens) management in the Great Lakes region of North 
America.  This approach usŜŘ ǊŜǎǳƭǘǎ ƻŦ ǘƘǊŜŜ ƛƴŘŜǇŜƴŘŜƴǘ ƎŜƴŜǘƛŎ ŀƴŀƭȅǎŜǎ ό²ǊƛƎƘǘΩǎ ŦƛȄŀǘƛƻƴ 
index (FST,) neighbor-joining dendrograms, and STRUCTURE analysis package) to define 
hierarchical, nested management and genetic stocking units. This approach provided a useful 
regional template that may be applicable for managing white sturgeon in the Columbia Basin.  

New Information on White Sturgeon Population Structure in the Columbia River 

Andrea Drauch Schreier from UC Davis presented results of recent work on genetic population 
characteristics base on microsatellite markers (Appendix D, Presentation 8).  Fourteen 
polysomic microsatellite markers were used to examine population structure within the 
mainstem Columbia River to assist managers in selecting the most appropriate broodstock 
source for stocking into the Middle Columbia.  She calculated the total number of alleles and 
number of private alleles (alleles unique to a population) in white sturgeon collections from the 
Lower Columbia (below Bonneville; N = 58), the Middle Columbia (McNary to Wanapum; N = 
58), and the Upper Columbia (Transboundary Reach; N = 57).  A slight decreasing cline in 
genetic diversity was detected from the Lower Columbia upstream to the Upper Columbia.  A 
total of 38 private alleles were detected in the Lower Columbia, and only 7 and 5 in the Middle 
and Upper Columbia, respectively.  The analysis program STRUCTURE was used to ascertain the 
number of populations in our samples from the Lower, Middle, and Upper Columbia River.   

This preliminary analysis suggested there were three populations in the dataset.  The Lower 
Columbia was fairly distinct from the Middle and Upper Columbia, while the Middle and Upper 
Columbia showed evidence of gene flow, likely before impoundment.  Population assignment 
testing was conducted in the likelihood-based program AFLPOP to determine whether the 
Lower, Middle, and Upper Columbia collections showed enough genetic distinction for 
individuals to be assigned accurately back to the location from which they were sampled.  A 
fairly high proportion of Lower Columbia and Upper Columbia samples were allocated to their 
source populations accurately; however many individuals sampled in the Middle Columbia were 
misassigned to the Lower or Upper Columbia.  This indicates that the Middle Columbia 
collection is not strongly differentiated from the Lower Columbia or Upper Columbia 
collections.   Due to 1) the close genetic relationship inferred by STRUCTURE analysis between 
the Middle and Upper Columbia, 2) fairly high levels of genetic diversity in both the Middle and 
Upper Columbia, and 3) the genetic distinctiveness of the Lower Columbia collection, Andrea 
recommended that the most appropriate broodstock source for hatchery supplementation into 
the Middle Columbia River is the Middle or Upper Columbia.   
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 Map showing white sturgeon genetic sample collections courtesy of Andrea Drauch Schreier 

 

Genetic Assessment in the lower mid-Columbia River 

Andrew Matala gave a talk on the results of genetic monitoring of white sturgeon in the first of 
a 10-year project in 4 mainstem Columbia River reservoirs:  Bonneville, The Dalles, John Day, 
and McNary (Appendix D, Presentation 9).  The long-term objectives are to characterize the 
genetic population structure of white sturgeon among the four impoundments, to assess 
migration and gene flow, effective population size, and relative productivity.  In 2010, the white 
sturgeon collections were comprised of 1000 individuals sampled during gillnet surveys.  These 
surveys were focused on John Day reservoir and therefore a disproportionate number of 
individuals were analyzed among the four described reservoirs.  In addition, a sample from the 
lower Columbia River below Bonneville dam was included, and two previously genotyped 
reference groups for comparison.  All sampled individuals were young of the year (YOY) and/or 
juvenile fish, therefore the current data set is not appropriate for evaluating effective 
population size and productivity (e.g. through parentage analysis), which will require genotypes 
from sexually mature fish.   
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Based on preliminary information, Andrew speculated on genetic structure and the prevalence 
of gene flow.  Andrew cautioned the audience on the interpretation of the body of results from 
this initial and preliminary analysis, as there are obvious biases in the data largely related to 
skewed and deficient sample sizes.  Moreover, in the absence of more definitive relatedness 
data and results, it is difficult to evaluate relative productivity or even population structure 
among the impoundments.  Efforts (n=1000 per year) in subsequent years will address these 
needs; the current baseline of genotypes will be valuable over the course of the next few years 
in evaluating those population parameters as additional data accumulates.  With these caveats, 
it appears that collections among LCR, Bonn, TDA, JD, and MCN are largely similar with little 
discernable genetic differentiation.  However, the similarity appears to occur on somewhat of a 
cline. Recall that upstream collections (i.e. MCN, and also Snake River) are more similar to each 
other in the STRUCTURE analysis, while the proportional similarity of a downstream collection 
(LCR) is only 13% in the same inferred cluster.  The collections located intermediate in 
geographic location are also intermediate between upstream and downstream inferred cluster 
membership. One may speculate that this is indicative of a high rate of gene flow that is one-
directional, as juveniles may be more likely to migrate downstream through the reservoirs 
while tendencies to travel upstream via ladders is less likely. 

Lastly, there is reasonable evidence to suggest that impoundment specific productivity varies 
where a likely cohort of individuals that is markedly different in genetic signature has been 
identified in the John Day reservoir.  

With the continuation of this project and a more balanced sampling approach to represent all 
reservoirs equally, Andrew expects that these preliminary results will be greatly clarified and/or 
validated with improved estimates and conclusions regarding the genetic relationship (e.g. gene 
flow) between the four impoundments.  Inclusion of older (mature) fish in subsequent years 
will allow implementation of additional kinds of proposed analyses, defined in the overall 
objectives (e.g. parentage), which will help to better understand the relative sizes and 
productivity potentials of populations among the four impoundments.  

Practical Applications of Genetic Information 

Jim Powell, with the Freshwater Fisheries Society of British Columbia (FFSBC) gave a 
presentation on the applications of genetics (Appendix D, Presentation 10).  Powell and FFSBC 
are involved in implementation of sturgeon conservation programs in the Upper Columbia, 
Nechako, and Kootenai rivers. 

Powell began his talk with some definitions: 

 Definitions ς άLŦ ǘƘŀǘΩǎ ƴƻǘ ǘƘŜ ǘǊǳǘƘΣ ƛǘ ǎƘƻǳƭŘ ōŜΦέ 

 Gene pool ς complete set of unique alleles in a species or population.  Sometimes it 
takes care of itself, sometimes it needs chlorine.  Allele is a zip code (location). 

 Bottleneck:  when population numbers are temporarily reduced to a level 
insufficient to maintain the diversity in the population.  For example, using few 
feeders to produce offspring. 

 Genetic swamping:  loss of locally-adapted alleles or genotypes caused by constant 
immigration and gene flow. 
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 Genetic diversity:  variation at the level of individual genes which provides a 
mechanism for organisms and populations to adapt to an ever-changing 
environment or die. Also, the collection of the data on phenotypic traits, marker 
allele frequencies or DNA sequences for two or more populations, and estimation of 
the genetic distances between each pair of populations. 

 Gene flow:  amount of genetic material going between two populations (transfer) 

 Inbreeding: breeding between members of a relatively small population, especially 
one in which most members are related. 

Then he discussed challenges to recovery programs that include: 

 Limited and declining population 

 Periodic spawning 

 Delayed maturation 

 Overwintering or site fidelity 

 Outbreeding of locally selected traits 

 Catchable or hook happy fish 

 aŜŀƴǎΥ ŘŜŎƭƛƴƛƴƎ ƎŜƴŜ ǇƻƻƭΧ 

 Human selection 

 Hatchery effects: impossible not to say this one lives, this one dies 

 Limitations on size of fish brought into the hatchery  - aging population, fish getting 
biggŜǊΣ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŎŀƴΩǘ ŎƻǇŜΦ  LŦ ǿŜ ǎŜƭŜŎǘ ŦƻǊ ŜŀǊƭƛŜǊ ŀƎŜ ƻŦ ōǊŜŜŘƛƴƎΣ ǘƘŀǘ ƛǎ 
artificial. 

 Population dynamics ς the breeding population (wild gene pool) is declining, 
conservation is about genetics, local adaptation should be preserved. 

 Death valley ς interim where old fish gone but hatchery not mature.  Risk of 
relatedness in broodstock. 

The options to address these issues are: 

 More fishing effort 

 Go wider afield 

 Develop techniques ς cryo ƛǎΧŀ ǘƻǳƎƘ ŎƻƻƪƛŜΣ ŜǎǘŀōƭƛǎƘŜŘ ƳŜǘƘƻŘǎ ŘƻƴΩǘ ǿƻǊƪ. 

 Genetic screening ς soon? 

 Hold broodstock captive ς need more facility 

 All plans call for maximizing genetic diversity 

 Harmonization of collective efforts is key 

 Cast a wide net:  fish in several locations, increasing fishing effort, use telemetry, 
randomize sizes, never use repeat spawners. ŜΦƎΦ ŘƻƴΩǘ Ƨǳǎǘ ǘŀƪŜ ŦǊƻƳ ²ŀƴŜǘŀΣ 
include large fish 

A factorial mating design has replaced Kincaid model that was used based on our understanding 
at the time.  Subsequent analysis showed that the factorial design was better. This design 
places much greater demand in hatchery for time and space and water.  It is important to be 
adaptive in a mating strategy using what you have and ensure random selection of individuals 
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to avoid size selection, only weak fish are culled, and numbers are kept similar for maternal 
families.  The goal is to grade continually and get all fish to a size that gives them a chance.  The 
program has been successful, but we may have to reduce stocking numbers and genetic 
diversity must be maintained.  Even with the best science, a lot depends on what happens in 
the hatchery management. 

A brief discussion followed WƛƳ tƻǿŜƭƭΩǎ ǇǊŜǎŜƴǘŀǘƛƻn, which included the following key points 
and questions: 

 Can you reduce artificial selection pressures by turning out as a smaller size?  (Yes, but 
they are releasing at different sizes to test recruitment failure.  They do know that small 
sizes are heavily preyed upon.) 

 Local diversity vs. maximizing diversity, where is the line determining when to go to 
other areas?  (Politics trumps biology every time.  If worried about swamping go down 
the pyramid, if want diversity go up.) 

 WŜ ŘƻƴΩǘ ƪƴƻǿ ǿƘŀǘ ƛǎ ŀŘŀǇǘƛǾŜΤ or current diversity.  What is the best adaptation for 
the current habitat? 

 Panel Discussion on Genetics 

In order to help set the stage for the facilitated work session, an impromptu roundtable 
discussion was set up with geneticists Andrea Drauch Schreier, Andrew Matala, and Paul Anders 
to make full use of the experience in the room.  The following is a summary of the panel 
discussion. 

Question: We observed a sturgeon spawning event below The Dalles.  Given fecundity, likely 
fractional spawners, does this mean that a female would naturally spawn with multiple 
males.  

 Panel Response:  ability track parent will inform in future, AS:  this observation certainly 
lends support to factorial approach to mating.   

 Panel Response:  I ŘƻƴΩǘ ƪƴƻǿ ƛŦ ǘƘŜȅ ŀǊŜ ōŀǘŎƘ ǎǇŀǿƴŜǊǎΣ ƛƴƧŜŎǘƛƻƴ ǿŀƛǘ ƻǾŜǊ ŀƴ ƘƻǳǊ ŀƭƭ 
eggs are over ripe, WDFW has shifted from capturing larvae rather than broodstock. 

 Comment:  We have telemetry data on females.  2 incidents in 12-14 hours. 
 
Question: What does the blue group mean?   

 Panel Response: Speculation might be a full sib group.  What if this is a group of true JD 
ǊŜǎŜǊǾƻƛǊ Ǿǎ ǿƘŀǘΩǎ ƛƴ ǘƘŜǊŜ ŦǊƻƳ ǎƻƳŜǿƘŜǊŜ ŜƭǎŜΦ   

 Panel Response: I would be more concerned if they comprised a larger portion of the 
total. 

 Follow Up Question: Is this indicative of a founder effect?  Reflective of large sample 
size?  If there are site differences, it will be critical in cast a wide net.   Open question of 
dominant sperm? 

 Response:  History of John Day has included fish from below.   
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The genetics panel responds to participant questions 

 
Question: Are the patterns we are looking at an artifact of previous effects?  Combination of 

harvest plus dams.  Unlikely that could be locally adapted.   

 Panel Response: Iǎƻƭŀǘƛƻƴ ŘƻŜǎƴΩǘ ƳŜŀƴ ƭƻŎŀƭƭȅ ŀŘŀǇǘŜŘΦ  L ŘƻƴΩǘ think the differences 
she has seen is indicative of recent effects.  More likely that adaptive differences could 
occur over time.   

 Panel Response: could mean there were historical conditions at the bottom and top of 
the range with mixing in the middle.)  
 

Question: Hatchery wise, what is the minimum matrix, what is a reasonable maximum 
logistically?  What is optimal?   

 Panel Response: 2% gain between 5 and 10 is why they selected 4x4.  Strive for 4x4.  
 
Question: In risk management, what are the criteria to define, what is the form and format of 

this?  

 Panel Response: This needs to be addressed in the form of a hatchery management 
plan.  Multiple metrics might be employed.  Break down into a series of components.  
Not one single answer for each stage of the program.   

 Panel Response: You have to consider the upstream vs downstream effects.  Whatever 
hatchery plans will affect lower river ς which means different groups will need to 
coordinate and share goals) 

 Panel Response: Sometimes we ƳŀƪŜ ǘƘŜ ŀǎǎǳƳǇǘƛƻƴ ǘƘŀǘ ǘƘŜǎŜ ŀǊŜƴΩǘ ǘƘŜ ŦƛǎƘ ǘƘŀǘ 
were there.  It might be that they reflect upstream not downstream.   
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Question: How do you rate risk of genetic supplementation efforts to restore depleted stocks?  
Should genetic risks preclude supplementation.   

 Panel Response:  has to do with where you are starting from.  If you have effective 
extirpation, what do you stand to lose by supplementing, probably not much because 
starting with practically nothing.  Only place to go is up.  (E.g. Clearwater example). 
 

Question: If fish below Bonneville are not in as good shape as we thought.  Works completed 
since the 1980s have informed harvest management.  Little of the work seems to have 
been filtered down to recommend operation changes and linking it to salmon measures.  
Given situation with real depletion above.  Given interest in raising a lot of fish:  as fish 
work their way downstream there is a possibility of impact below Bonneville.  How 
important is it to maintain integrity of the fish below BonnevilleΦ  hōǾƛƻǳǎƭȅ ƘŀǎƴΩǘ ōŜŜƴ 
much emphasis upstream.  Should the focus be below Bonneville effects as opposed to 
effects in impounded populations?   

 Panel Response: ŘƻƴΩǘ ƪƴƻǿ ǘƘŀǘ ŦƛǎƘ ǿƛƭƭ ǊŜŎǊǳƛǘ ŘƻǿƴǎǘǊŜŀƳΣ Ǉƭŀƴ ƛǎ ǘo use upper mid 
and lower and evaluate.  Risk downstream might be lower than going upstream due to 
respective sample size. There is a decent buffer of the lower population.) 

 
Comment: Hatcheries could be used to test some of these genetic theories:  What do sibling 

matings look like? What do factorial matings look like?  How do offspring compare with 
parents? 

 

Facilitated Work Session ς Delineating Units 

Sturgeon conservation, mitigation, and management activities are guided by an overlapping 
complex of plans, policies, and programs governing the activities of entities with related 
responsibilities and authorities.  Owing to the size, geographic diversity and jurisdictional 
complexity of the Columbia River Basin, it is advantageous from a resource management 
perspective to break the basin up into discrete areas or άmanagement unitsέ.  Management 
units are typically delineated based on genetic diversity, population structure, geography, 
habitat, and jurisdictional boundaries.  They are essentially discrete sections of a watershed 
that have a common stock composition, similar habitat conditions, similar harvest technique, or 
are able to target a specific tributary stock.   Specific to the Columbia River, management units 
need to recognize the complex mosaic of international, federal, state, and tribal jurisdictional 
boundaries and also need to be grouped based upon similarities in applied management 
strategies among individual river reaches and impounded water bodies as result of the FCRPS.  
For example, differences in the biology, ecology, and abundance of white sturgeon population 
segments downstream and upstream of Bonneville Dam necessitate widely different 
management approaches.  

Ray Beamesderfer and Alison Squier explained that the desired outcome of this work session 
was to identify on maps potential genetic management units and to facilitate a discussion about 
why various entities might choose to group units in different ways.  In part, this session was 
intended to help generate discussion about what we currently know about genetics and what 
that tells us about historical patterns and future objectives.   
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The process for this work session was as follows: 

1. The participants were divided into groups that included a broad geographic distribution 
and management diversity (to the extent possible). 

2. Each group was provided with a map of the Columbia River and asked to identify the 
άŀǇǇǊƻǇǊƛŀǘŜέ ƎŜƴŜǘƛŎ ƳŀƴŀƎŜƳŜƴǘ ǳƴƛǘǎ ƻƴ ǘƘŜ ƳŀǇΦ  

3. In addressing this question, they were asked to consider: 

a. Local adaptation versus genetic diversity? 

b. What components need to make up a management unit? 

c. ²Ƙŀǘ Řƻ ǿŜ ƘŀǾŜ ǘƻ ƪƴƻǿ ǘƘŀǘ ǿŜ ŘƻƴΩǘΚ 

d. What does what we know about genetics tell us about our hatchery goals?  

e. What are our hatchery goals? 

4. At the end of the allotted time each group was asked to present their conclusions and 
the rationale for the units they designated.  

 
 

 

²ƻǊƪǎƘƻǇ ǇŀǊǘƛŎƛǇŀƴǘǎ ŎƻƴǎƛŘŜǊ ŘŜƭƛƴŜŀǘƛƴƎ άaŀƴŀƎŜƳŜƴǘ ¦ƴƛǘǎέ 

 

The following section provides the map and genetic management units developed by each 
group, a summary of the rationale they presented for that selection, and additional discussion.   
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Group 1  

 

Discussion Points 

 Certain parts were easy, certain parts 
were in dispute; easy below Bonneville, 
Kootenai 

 Upper Columbia ς UCWSRC; Snake 
probably distinct 

 In between they think it might represent 
a cline of genetic composition ς dotted 
line in the whole mid-Columbia 

 Discussion but no conclusion regarding 
the implication of defining a GMU 

 ²Ŝ ŘƻƴΩǘ ƪƴƻǿ what genetic mix we 
want for each GMU 

 Unknown if what is now there is what is 
best for the geographic area 

 Maybe look at genetic similarities and 
conserve those areas 

 Below Bonneville is clearly a distinct GMO 
ς as is Kootenai 

 Maybe flow driven 

 Cline concept 

 Why are fish in PR reservoir and are we 
damaging anything if populations are 
small anyway? 

 Were PR fish just trapped or true 
survivors 

 Fish in Mid Columbia, flow will be down 

 MCN is for harvest, motive for Mid C is 
preservation 
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 Snake River fish have always been an 
input to Columbia and probably influence 
lower Columbia.  

 Discussion around dis-inclusiveness (?) of 
TD and Bon.   

 Big questions around The Dalles to 
McNary/ Priest Rapids 

 What are the implications of defining a 
GMU?  What are risks? 

 What are the management 
considerations of going outside a GMU? 

 Snake may need 2 GMU depending on 
geography (passage) and history 

 Dotted lines mean areas of dispute 

 How far away from the Mid-Columbia to 
draw genetic dissimilarity 

 

Group 2  

 

Discussion Points 

 Did the easiest ones first 

 Some discussion of where the lower 
Columbia ends; Bonneville may be an 
artificial break point 

 Also considered habitat commonalities 

 Talked about time scales 

 Should be based on historical time scale 

 Hatchery implications: have to consider 
broodstock availability.  Might weight 
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diversity higher than local adaptation but 
no info in current genetics 

 What about upper Columbia use in mid-
stock?  If broodstock limited in mid-

Columbia, might be better off from 
upper 

 CƛǎƘ ŀǊŜƴΩǘ ŀƴŀŘǊƻƳƻǳǎ ς amphidromy is 
a better term 

 

Group 3 

 

 

Discussion Points 

 4 units:  LCR, Kootenai,  

 Needs to be a consideration of 
jurisdictional and genetic basis? 

 Gene pool in lower Snake might be Χ 

 Reflects post dam groupings ς how 
related to current configuration 
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Group 4 

 

 
Discussion Points 

 Task of compartmentalizing a continuing 

 Three big circles overlapping 
considerably with dotted lines at the 
upstream and downstream ends. 

 Gene flow direction different as move 
up and down (has to be down in top,  

 Did not have philosophical concerns 
with moving fish around given clinal 
pattern.   

 If on an edge, genetic variation on a 
small scale might not be too big 

 Distinction with sturgeon is that moving 
around might be restoring historic ς not 
the same as salmon.  In salmon where 

move, it is inconsistent with site fidelity 
and distinct population characteristics.  
Sturgeon do not adhere to that model 
except in situations like the Kootenai 
where they are compelled. 

 Does not appear to be strong site 
fidelity 

 Line/circles (GMUs/GSUs) on the CRB 
map.  

 What level of resolution is required for 
drawing circles on the map?   

 Do fish in different parts of the basin 
exhibit important differences in 
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behaviors/ biological performance that 
should be noted? 

 Different agencies/entities have 
different needs and spatial jurisdictional 
areas.  The good news is that a basin-
wide program does not prohibit specific 
actions at five spatial scales 

 One challenge of this exercise of 
drawing GMU/GUS circles on the map is 
the compartmentalization of a 
continuous function  

 Luckily there is temporal 
correspondence to need development 
of program details and needed 
infrastructure (e.g., hatcheries) for 
ǎǘǳǊƎŜƻƴΣ ǘƘŜȅΩǊŜ ōƻǘƘ ǊŜƭŀǘƛǾŜƭȅ ƭƻƴƎ-
term ventures 

 .ƻǳƴŘŀǊƛŜǎΥ ǎŜŜ άǊŜǎƛǎǘŀƴŎŜ ǘƻΗέ 

 This exercise should strive to reproduce 
historic gene flow patterns 

 Good idea (see drawing) 

 
 

 

 

 Consider a mix of broodstock to represent a mix of alleles for locations along the river 
continuum 

 Our group came up with 4 large circles, actually more like pipes or tubes with 
ƻǾŜǊƭŀǇǇƛƴƎ ŜƴŘǎ όƛΦŜΦΣ ƛǘ ŘƻŜǎƴΩǘ ƳŀƪŜ ǎŜƴǎŜ ǘƻ ŀǇǇƭȅ ǾŜǊȅ ǎƳŀƭƭ ǎŎŀƭŜ Řƛǎtinctions on a 
large-scale continuum).  

 Five circles: 
o Ocean up to McNary Dam area 
o Snake from Snake/Columbia confluence upstream 
o McNary Dam area up to Roosevelt 
o Above Roosevelt 
o Kootenai/y population  
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Summary/Synthesis 

Understanding historical and current genetic population structure is one key to developing the 
comprehensive and coordinated regional framework identified by the ISRP as a critical need for 
conservation, management and restoration of white sturgeon throughout the basin.  Genetics 
are an important consideration in defining appropriate sturgeon management units to address 
specific sturgeon issues in different portions of the basin.  Genetic population structure can also 
have important management implications, particularly for hatchery activities (e.g. broodstock 
selection, effective population sizes and mating protocols).   

The historical genetic population structure was shaped by post-glacial recolonization from 
common refugia.  More recently, overfishing during the late 1800s substantially reduced 
effective population sizes.  Dam construction since the 1930s has fragmented the population 
and replaced bi-directional gene flow, which provided a natural source of genetic variation, 
with predominately downstream gene flow.   

A series of genetic analyses based on allozymes, mitochondrial DNA, and microsatellite DNA 
have been conducted since 1980s.  These studies have consistently found a slight decreasing 
cline in genetic diversity from the lower Columbia upstream to the upper Columbia.  All genetic 
types found in the upper basin were also found in the lower basin.  However, many types found 
in the lower basin did not occur upstream.  Genetic characteristics of populations in adjacent 
subpopulations separated by dams are generally identical or very similar.  It remains unclear 
how much of this pattern reflects historical conditions and how much is an artifact of human 
disturbance over the last 150 years.   

In a facilitated work session, participants were asked to delineate genetic management units for 
white sturgeon in the Columbia River basin based on their expert opinion and the available 
information on genetic population structure.  Genetic management units were generally 
defined as areas of similar genetic characteristics that may warrant some consideration in 
implementation of sturgeon conservation and management measures.  The groups weighed the 
potential tradeoffs between high diversity and local adaptation.   

Group discussions highlighted the difficulty of attempting to delineate distinct units where the 
genetic diversity graduates clinally from the river mouth to headwaters.  Groups identified five 
or six genetic units between the lower and upper portions of the Columbia and Snake river 
basins (Table 1).  All groups distinguished separate units in the upper Columbia upstream from 
Grand Coulee Dam and the Kootenai above historically impassable falls.  However, there were 
small differences among groups in boundaries assigned in the mid-Columbia and lower Snake 
which reflected the lack of clear definition in genetic characteristics throughout this area.  
Figure 3 identifies five genetic management units consistent with recommendations of the 
workshop participants.  Boundaries of the mid-Columbia unit were drawn overlapping adjacent 
units to reflect the observed gradation in genetic characteristics from area to area. 
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Table 1. Comparison of group definitions of genetic management areas for Columbia and Snake 

river sturgeon. 

River Reach 
Group 

Avg. 
1 2 3 4 

Columbia < Bonneville Dam      

Columbia Bonneville-McNary      

Columbia McNary-Priest Rapids      

Columbia Priest Rapids-Grand Coulee      

Snake Ice Harbor-Hells Canyon      

Snake > Hells Canyon Dam      

Columbia Grand Coulee-Revelstoke      

Columbia > Revelstoke Dam      

Kootenai > Corra Linn Dam      

 

  

Figure 3. Columbia Basin Sturgeon Genetic Management Units. 
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Sturgeon Population Objectives & Capacity 

The final round of presentations and discussions was designed to address sturgeon population 
objectives and the questions of determining habitat capacity.  This session focused one of the 
data gaps identified by the ISRP, namely the issue of a poor understanding of the productivity 
of the pools above Bonneville Dam.  The ISRP noted that management agencies and tribes 
proposing and conducting research above Bonneville Dam have established goals to rebuild fish 
numbers in those pools similar to below Bonneville Dam.  However, it is not known if this goal is 
achievable.  It remains unclear whether these fragmented reservoir habitats can support a 
sizeable, sustainable harvest of sturgeon. 

Introduction ς A Capacity Estimation Example from the Kootenai Sturgeon 
Program 

Ray Beamesderfer introduced this topic with an explanation of how this problem is being 
treated by the Kootenai white sturgeon recovery team.  The Kootenai River sturgeon recovery 
program has long been grappling with the difficult question of how many sturgeon are enough.  
A brief history of the Kootenai experience might help inform similar considerations of 
population objectives and capacity limitations in the lower mid-Columbia.  Kootenai white 
sturgeon are a unique headwaters population that have been isolated since the last ice age by 
impassable flows.  This population was listed as endangered in 1994 under the U. S.  
Endangered Species Act.  Natural recruitment of this population has failed over the last 40-50 
years and the wild population consists of a gradually dwindling cohort of aging adults.  The 
adult population was estimated to have declined from over 6,000 fish around 1980 to just 1,000 
by 2008.  A conservation aquaculture population was initiated around 1990 to forestall pending 
extinction of this population.  Because of a continuing failure to identify or provide conditions 
suitable for natural recruitment, a hatchery program was the option of last resort.  Identifying 
the appropriate scale of hatchery production has been a vexing and controversial challenge.  
One option would be back-calculate production from a sturgeon population objective based on 
expected annual survival rates.  However, this approach is confounded by the effect of small 
differences in annual survival over the sturgeon life spawn.  Survival differences of just ±1% per 
year will result in many-fold differences in projected numbers a population equilibrium from a 
given hatchery release level. 

A second approach might be to infer objective numbers from estimates of system capacity 
based on sturgeon bioenergetics and trophic dynamics.  For instance, sturgeon biomass might 
be estimated from biological production of the Kootenai system and energy transfer or 
conversion of production to sturgeon through the food web.  However, this approach is 
hampered by a fundamental lack of information on virtually all of these parameters. 

A third approach is to estimate capacity experimentally by monitoring population response to 
increasing abundance of fish released from the hatchery.  Hatchery releases began in the early 
1990s and increased to about 20,000 to 40,000 sturgeon per year from 2003-2007 as it became 
apparent from continuing natural recruitment failures that the next sturgeon generation would 
be produced entirely in the hatchery.  Through 2007, the Kootenai program has released 
153,000 juvenile sturgeon which resulted in a hatchery-produced population of 16,000 after 
accounting for post-release mortality of hatchery fish.  Mark-recapture information showed 
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that post-release survival of hatchery fish was relatively high in the early years of the program.  
First year survival was 60% as hatchery fish were adjusting to life in the wild.  After year 1, 
survival increased to 90% per year.  However, first year survival has declined since 2000, 
concurrent with increasing sturgeon densities in the wild.  This decline was most evident among 
the smaller fish in a release group.  Large fish continued to survive at a relatively high rate.  
However, smaller fish in recent releases survived at a much lower rate than smaller fish in 
earlier releases.  Density dependence due to increased competition for food resources is one 
potential explanation for the change in survival.  This is an example of how an empirical 
approach might be employed to determine system carrying capacity for sturgeon.  The 
Kootenai sturgeon conservation aquaculture program has incorporated this information in a 
hatchery production strategy based on a temporal risk analysis which attempts to balance 
genetic, demographic, and ecological risks over the duration of the sturgeon recovery effort. 

Analytical example ς A Simple Modeling Approach 

Larry Hildebrand described how he used a simple age-structured demographic model to derive 
initial hatchery production targets in the upper mid-Columbia.  The model projects future 
abundance based on hatchery release numbers and annual survival.  For any given survival rate, 
higher release numbers translate into higher abundance.  The hatchery-origin population builds 
over time to some equilibrium level as fish gradually fill in all the age classes.  The model does 
not include density dependence which is little understood for sturgeon.  The model is 
parameterized based on the best available data which include population-specific estimates 
and information from other white sturgeon populations where local population data are not 
available. 

Mid-Columbia numbers were based on upper Columbia stocking rates, scaled down for the 
relative size of the area.  An initial production goal of 6,500 juveniles per year was originally 
selected because it was thought to be a doable number.  The modeling analysis found that 
initial plans for releases of 6,500 per year was way higher than needed to reach a goal of 3,000 
adults in 25 years because actual survival is liable to be higher.  Initial estimates assumed 60% 
survival based on findings from the Kootenai conservation aquaculture program, in the upper 
Columbia have since found that survival is less (28%).  A front-loaded approach is being pursued 
which assumes that future recruitment takes up slack in future for stopping supplementation. 
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Facilitated Work Session ς How do we develop numerical objectives? 

For the final work session, participants were asked to respond ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴΣ ΨIƻǿ Řƻ ǿŜ 
develop numerical objectives (e.g., how many sturgeon do we want, need and can we 
ǎǳǇǇƻǊǘύΚΩ tŀǊǘƛŎƛǇŀƴǘǎ ǿŜǊŜ ŀǎƪŜŘ ǘƻ ǾƻǘŜ ŦƻǊ ǘƘŜƛǊ ǇǊŜŦŜǊŜƴŎŜ ƻŦ ǘƘǊŜŜ ǇƻǘŜƴǘƛŀƭ ŀǇǇǊƻŀŎƘŜǎ ǘƻ 
identifying appropriate sturgeon population objectives or identify an alternative approach.   

The following table summarizes the outcome of that vote plus the additional approaches that 
were identified by the group.  Participants then engaged in a facilitated discussion of the 
rationale for their votes and fleshed out the potential alternative approaches.   A summary of 
key points taken from the flip charts and group discussion may be found below. 

How do we develop numerical objectives? 

Approach # of Votes 

Use population models 2 

Infer capacity from trophic/food/bioenergetics analysis 4.5 

Empirical, experimental, and adaptive management 10 

Other: 

 Population models put you in the ballpark then use 
empirical approach. 

 Consider management objectives in context of biological 
objectives and capability. 

 Target not based on how many fish in pool ς ƛǘΩǎ 
recruitment. 

2.5 

 

Population models (2) 

 Highest priority for the early phases before moving into other approaches. 

 Participants commented that they value population models as starting point in 
combination with other tools 

 Without some idea of starting point, we ŘƻƴΩǘ ƎŜǘ ǾŜǊȅ ŦŀǊΦ  tƻǇǳƭŀǘƛƻƴ ƳƻŘŜƭƛƴƎ ƎƛǾŜs a 
starting point. 

 Paddlefish modeling approach:  adults = money in bank; we ŘƻƴΩǘ ƘŀǾŜ ǘƻ ƳŀƴŀƎŜ 
around those, harvest strategy based on 5-year recruitment.  Match harvest to observed 
adult recruitment levels. 

Infer Capacity (4.5) 

 If we ƘŀǾŜƴΩǘ ǘŀƭƪŜŘ ŀōƻǳǘ ƛǘΣ ŘƛŦŦƛŎǳƭǘ ǘƻ ƪƴƻǿ Ƙƻǿ ƳƛƎƘǘ ōŜ ǳǘƛƭƛȊŜŘ ŀǎ ŀ ǘƻƻƭΦ 

 Reference ISAB report on food web ς provides good info on challenges and utilization.  
Some thought that you could measure capacity, others were skeptical of whether it 
could be done easily and economically.  Includes some suggestions related to 
understanding the ecological issues underlying these. 

 When we identify capacity issues, it might lead to a back-door consideration of food 
web. 

 Might be a good combination with empirical. 
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 Decision depends in part on how much time ς if just want to keep the ball rolling then 
empirical might be enough.  Use empirical to buy time while investigation linkages. 

 Understanding mechanisms is important. 

Empirical experimental evaluation (10) 

Other (2.5) 

 Have merit putting you in the ballpark, then move to empirical approach 

 Not necessary to choose one, can pursue combinations 

 In defining numerical objectives, have to also consider management objectives in the 
context of biological capabilities 

 
 
 

 

Participants show enthusiasm during workshop discussions 
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Summary/Synthesis 

While differences in abundance and productivity of sturgeon populations among areas have be 
described and measured, the capacity of any given area to produce sturgeon remains unclear.  
This makes it particularly difficult to establish realistic population objectives and to develop 
measures and programs to meet those objectives. 

Sturgeon programs throughout the basin have been wrestling with this question with varying 
degrees of success.  The Kootenai sturgeon recovery program, in particular has confronted this 
issue in the development of conservation aquaculture production objectives consistent with 
population viability and system capacity.  This program identified three potential alternatives 
for identifying realistic population objectives.  One option would be back-calculate production 
from a sturgeon population objective based on expected annual survival rates.  However, this 
approach is confounded by the compounded effect of even very small differences in annual 
survival over the sturgeon life spawn.   A second approach might be infer objective numbers 
from estimates of system capacity based on sturgeon bioenergetics and trophic dynamics. 
However, this approach is hampered by a fundamental lack of information on virtually all of 
these parameters. Therefore the Kootenai program has elected to estimate capacity 
experimentally by monitoring population response to increasing abundance of fish released 
from the hatchery. 

A population modeling example from the PUD mitigation planning effort in the upper mid-
Columbia demonstrated the potential utility of this approach for identifying a reasonable scale 
of production objectives.  Future abundance can be projected from stocking rates and assumed 
annual survival using a simple age-structure demographic model. 

Workshop participants concluded that a combined approach will be most effective in defining 
populations objects consistent with system capacity.  An empirical, experimental, adaptive 
management approach was widely recognized as the most preferable approach to this question 
over the long term.  Participants also found that inferences from information on food webs and 
trophic dynamics can also be an informative tool.  Population models can are be useful to 
establish ballpark numbers for subsequent empirical analysis. 
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Closing Thoughts and Wrap-Up 

 Cƻƭƭƻǿ ǳǇ ǎǳǊǾŜȅΣ ǿƘŀǘ ǿƻǊƪŜŘΣ ǿƘŀǘ ŘƛŘƴΩǘ work, other things that would be valuable 
to move forward and talk about, another workshop or smaller working session. 

 I was going to summarize sea lion predation, complements to groups for moving 
forward, kudos to Donella. 

 Where you are can affect your view of urgency.  One personΩs density independence is 
ŀƴƻǘƘŜǊΩǎ ŘŜƴǎƛǘȅ ŘŜǇŜƴŘŜƴŎŜΦ 

 We spent a lot of time looking at hatchery issues, area-specific consideration. Contrast 
between goals for harvest augmentation vs. restoration. 

 LǘΩǎ ŀ pleasure to be at first sturgeon dedicated meeting.  Genetics is complicated, why 
ǎƘƻǳƭŘƴΩǘ ƛǘ ōŜ ǎƛƴŎŜ ŜǾŜǊȅǘƘƛƴƎ ŜƭǎŜ ƛƴ ǎǘǳǊƎŜƻƴ ƛǎ ǊŜƭŀǘŜŘΦ  tŀǎǎƛƻƴ ƛǎ ƴƻǘŀōƭŜΦ 

 AD: the fact that there is genetic divergence with limited markers we have, means that 
there is probably divergence there. 

 There are different objectives in different areas. Persistence vs. use.  If 3,000 adults 
makes up 90% of risk, then not cool but if 10% then is.  Need to keep the two views.  
aƻƻǎŜ ǎƘƻǳƭŘƴΩǘ Ŝŀǘ ƎƻƻǎŜ ƧǳƛŎŜ όŀƴŘ Ǿƛce versa). 

 The process was effective and captured most of key players in the basin. 

 I always learn more than I impart.  Plug July conference in Nanaimo. 

 A good opportunity and experience.  I want to see the time to get all the sturgeon 
recovery efforts and talk about progress, accomplishments. 

 How important were sturgeon to tribes in comparison with salmon?  They were caught, 
it would be great to hear from tribes in how important.  Hands on in the next session to 
learn in another fashion. 

 LǘΩǎ taken quite a bit of time to work with PUDs and a regional program is shaping up.  
Continuing to look for support to keep this going.  Room to come up and go fishing with 
them.  Grandfather before he died in 1984, story of himself and 5 other kids pulling a 18 
foot sturgeon from Payette River.  1903 picture of sturgeon in the back of the truck ς 
would love to get that picture.   

 Learning the foundation biology and genetics has been helpful.  With respect to genetics 
capable of avoiding broad concepts ς not sure what the specifics are telling us and what 
ŎŀƴΩǘ όŎŀƴ ŜȄǘǊŀŎǘ ǿƘŀǘ ƘŜ ǿŀƴǘǎύΦ  aƛŘ-Columbia effort has focused discussion.  Was 
hoping for regional consensus and direction on how to prudently manage broodstock 
program ς believes that has been accomplished.  In other parts, not sure that we are 
there yet with a comprehensive plan with respect to where we go and how quickly we 
go there.  We are moving forward issue by issue on agreements and disagreements.  
Keep momentum going to keep this or something like this going. 

 It has ōŜŜƴ ƴƛŎŜ ǘƻ Ǉǳǘ ǇŜƻǇƭŜΩǎ ŦŀŎŜǎ ǘƻ ƴŀƳŜǎ ƻƴ ŀƭƭ ǘƘŜ ǊŜǇƻǊǘǎΦ 

 There is a need to stay together for now.  We need to treat this as a region and basin ς 
need to collaborate and coordinate on both the science and the funding.  Look forward 




