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a. Abstract 
The goal of the project proposed here is to develop a model that can help stakeholders in the Columbia River basin to identify adaptive policies that bring white sturgeon populations closer to desired future conditions (e.g., increased number of viable populations).  We define “adaptive policies” as changes in management, such as harvest regulations and translocation, that could be triggered by changes in white sturgeon status revealed by monitoring data.  This study should suggest what types of population monitoring data, and what time intervals for monitoring, are needed to provide policy makers with useful feedback.  This effort will integrate information on white sturgeon populations (size, growth, and age composition) with information on river habitat and project operations.  These data will be used as input to a metapopulation model for the entire Columbia River Basin (CRB), which will represent an extension of an existing model developed for the Middle Snake River to include the Upper and Lower Columbia Rivers, the Kootenai River, and the Lower Snake River.  We will work with stakeholders to identify desirable (goals) for white sturgeon in the CRB and management knobs to include.  We will use optimization methods to find combinations of (1) trigger thresholds in population status and (2) policy changes that the model predicts will increase the likelihood of reaching metapopulation goals defined by the stakeholders.

b. Technical and/or scientific background
White sturgeon populations in the CRB have declined, raising concerns about the long-term viability in the highly modified river environment.  The life history of this species is similar to that of many species that have already been lost or are currently endangered (Parent and Schrimi 1995; Beamesderfer and Farr 1997; Boreman 1997).  In particular, anadromy, late maturation, and a long interval between subsequent spawning are characteristics that put white sturgeons at risk.  Historically, this species may have ranged widely throughout the CRB (Figure 1).  Changes in river habitat associated with impoundment, agriculture, and hydropower contribute to concerns over white sturgeon persistence in the CRB.  In particular, the Kootenai white sturgeon population is currently listed as endangered by the U.S. federal government, and other populations in the upper basin have declined.
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Figure 1. The Columbia River, including impoundments studied in 1998: angler survey
(Bonneville Dam upstream to McNary Dam); white sturgeon stock index- Rock Island
Reservoir (Rock Island Dam upstream to Rocky Reach Dam), Lake Rufus Woods
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Figure 1.  River  segments in the Columbia River Basin, excluding those in the Middle Snake and Kootenai Rivers.

It may be possible to improve long-term prospects for this species through effective resource management.  Understanding the value of alternative mitigation policies considered by resource agencies in a complex ecosystem will be aided by a population modeling analysis that simulates the alternative policies.  Although we expect to decide on which management activities to simulate at the first workshop, it is likely that these will include topics such as harvest management, translocation, supplementation, and habitat improvements.  Setting harvest policies that balance current and future availability of fish resources has been a long-standing management goal.  In contrast, translocation (“trawl and haul”) of white sturgeon is a relatively new management tool for re-establishing connections between isolated populations.  Supplementation is another tool with costs and benefits to white sturgeon populations that have not yet been adequately quantified.  Habitat improvements, including restoration of wetlands, changes in passage, and flow patterns, may also influence the status of white sturgeon in the CRB.  We propose developing this model as an adaptive management tool to answer the question: “How can population monitoring information be used to design adaptive policies that benefit CRB white sturgeon populations?”  Stakeholders will be invited to participate in defining management objectives and identifying policies to consider in the modeling.

Model History

Jager et al. (2000b, 2001, 2002) developed a metapopulation model for population viability analysis (PVA) of white sturgeon in the Middle Snake River between the Salmon River and Shoshone Falls.  The PVA model is hierarchical, with a coarse-scale main model that accepts input parameters, summarized by hydrologic year-type and river segment, from a finer-scale model for the spawning and incubation period.  The main model operates at an annual timestep and uses river segments between dams as its primary spatial unit.  Its main predictions are the average and standard error of population size and genetic status at a specified future date.  The PVA model was used as a tool to suggest which of seven mechanistic factors contribute most to lost recruitment in each river segment (Jager et al. 2002).  These factors included: (1) temperature-related mortality during incubation; (2) flow-related mortality during incubation; (3) downstream export of larvae;  (4) limitation of juvenile and adult habitat; (5) mortality of all ages during summer episodes of poor water quality in reservoirs; (6) entrainment mortality of juveniles and adults; and (7) angling mortality.  

A stand-alone bioenergetics model has also been developed for white sturgeon at ORNL.  This tool has been used to compare growth and spawning intervals among segments of the Middle Snake River (Bevelhimer accepted), which is now being incorporated into the PVA   He found that high temperature in Brownlee Reservoir delayed simulated reproduction significantly.  .  The bioenergetics model is also being used to evaluate the potential impact of load-following operations on adult females during spawning, and the effect of poor reservoir water quality on growth and reproduction.

The Snake River PVA and bioenergetics models have benefitted from continued support, first by a tailored collaboration between the EPRI and Idaho Power Company (1997-1999), and then from Idaho Power Company (2000-2002).  Many experts on white sturgeon contributed to the development of the model.  These include, most notably Ken Lepla, Jim Chandler, and Phil Bates at Idaho Power Company.  In addition, quite a few researchers from the Columbia basin participated in workshops and provided information upon request, including Tim Cochnauer, Mike Parsley, Nez Perce tribe, Tom Rien, Paul Anders.  However, to date, model testing has been limited by the fact that the model has only been applied to 8-9 river segments in the Middle Snake River, most of which are described only by a single snapshot of population status.  Model improvement can only come about by further testing in new situations where data are available.  The Columbia basin should provide an ideal setting for constructive validation (Jager et al. 2000a) to improve this model, which represents our collective understanding of white sturgeon ecology.

Adaptive Feedback between Monitoring and Policy

Adaptive management seeks to understand and make use of causal relationships between resources (populations) and the environment or human impacts by experimenting (Walters 1984).  Models can play an important role in adaptive management by guiding understanding and identifying uncertainties (Van Winkle et al. 1997).  We envision using the Columbia Basin model to identify adaptive policies that manage white sturgeon populations toward specified basinwide goals and away from undesirable endpoints.  Here, we define the term adaptive policy as a policy that is adjusted periodically in response to monitoring information.

Potential Management “Knobs”

Many factors have been implicated for declines in white sturgeon populations in some segments, particularly in the Kootenai, Upper Columbia River, and Middle Snake River.  A limited number of alternatives exist for improving the status of these populations.  These divide into one-time mitigation actions, such as habitat restoration and providing passage at dams, and operational decisions that can be changed over time in response to new data, such as harvest quotas, minimum flows, or numbers of transplanted fish.

Habitat restoration and reconnection are two mitigation strategies favored as long-term solutions for restoring white sturgeon populations in the CRB.  Efforts to restore the Kootenai population include restoration of wetlands that are believed to play an important role as nursery areas.  Reconnection of isolated populations can be accomplished through changes in passage or by translocation of fish.  Studies to evaluate the benefits of transplantation have been initiated in the Columbia River by Burner et al. (2000), with transplants to date from below Bonneville Dam to The Dalles and John Day Reservoirs.  Our simulation studies for the Middle Snake River, and for theoretical rivers, suggest that the cost to the population below the dam (in the case of upstream passage) or the population providing transplants (in the case of translocation) must not be neglected in evaluating overall demographic benefits (Jager in prep.).  Net demographic benefits at the metapopulation level were only realized under a relatively narrow set of conditions.  In the theoretical analysis, river configuration also mattered, with greater demographic benefits when the donor population was downstream and the recipient population was upstream, or when the two were adjacent. Our simulations to understand fragmentation effects on white sturgeon supported the idea that maintaining a reasonable effective population size can prevent loss of genetic diversity (Jager et al. 2001).

Hatchery supplementation is viewed by many as a shorter-term solution for boosting white sturgeon populations that have declined to small numbers.  For example, conservation aquaculture is practiced in the Kootenai River (Ireland et al. 2001).  Experimental programs have also been established in Chief Joseph and Grand Coulie Reservoirs (Burner et al. 2000).  Experience with salmon in the Pacific northwest has framed the decision to supplement as a trade-off between the demographic benefit of a rescue effect and the genetic dangers associated with planting inbred hatchery fish or fish produced by a broodstock that is not locally adapted (Waples 1991).  Theory suggests that supplementation can protect a population from extinction by simulating the “rescue effects” experienced with metapopulations that experience both upstream and downstream migration (Hanski and Gilpin 1991).  However, research involving white sturgeon suggests that both the demographic benefits and the genetic costs may be exaggerated.  Genetic risks for white sturgeon may be less dire than expected based on salmon research:  it is not clear that broodstock management policies that follow conservation guidelines impose any genetic risk (Anders 1998).  However, the demographic benefits of supplementation might not be as great as expected.  Our experience with modeling translocation of white sturgeon in the Snake River suggests that the net demographic benefit would be much lower if the effect of removing broodstock is taken into account.

The following considerations apply to all policies and mitigation actions that seek to increase white sturgeon populations:

1. Increased fish densities can lead to over-exploitation because of a density-dependent response of fisherman (Vincent 1987; Moring 1993).  The PVA model addresses this concern by simulating a response of anglers to fish density (e.g., Van Winkle et al. 1998; Jager et al. 2002).

2. Uncertainty about population status (Ludwig et al. 1993) and population demographic response can result in policies that lead to over-exploitation.  Our ignorance about key model parameters, such as age at maturity and fecundity, can contribute to uncertainty in model predictions.  Recent studies have revealed that aging of white sturgeon is quite unreliable, leading to estimates of age at maturity that are both biased and uncertain (Rien and Beamesderfer 1993; Scarnecchia unpublished).

3. Policies that benefit white sturgeon populations may still result in a high risk of extinction if the practice is terminated.  The time horizon for management policies may be too short to guarantee long-term persistence.  Hansen and Loeschcke (1994) argue that, without fundamental improvements of habitat and passage, species declining under current conditions are doomed.

c. Rationale and significance to Regional Programs
The Northwest Power Planning Council’s Fish and Wildlife Program seeks to provide a healthy Columbia River Basin that sustains an abundant, productive, and diverse community of fish and wildlife.  This will require mitigating across the basin for the adverse effects to fish and wildlife caused by the development and operation of the hydrosystem and providing the benefits from fish and wildlife valued by the people of the region (NPPC 2000).  The 2000 Fish and Wildlife Program outlines four objectives related to biological objectives for resident fish.  These are to (1) complete assessments of resident fish losses throughout the basin resulting from the hydrosystem, expressed in terms of the various critical population characteristics of key resident fish species, (2) maintain and restore healthy ecosystems and watersheds, which preserve functional links among ecosystem elements to ensure continued persistence, health and diversity of all species including game fish species, non-game fish species, and other organisms, (3) protect and expand habitat and ecosystem functions as the means to significantly increase abundance, productivity, and life history diversity of resident fish, at least to extent they have been negatively affected by hydrosystem, development and operations; and (4) achieve population characteristics of these species within 100 years that, while fluctuating due to natural variability, represent on average full mitigation for losses of resident fish.  In achieving this goal, it is recognized that a variety of activities, including altering hydropower system operations, supplementation, and carefully orchestrated harvest management will be necessary.  

This project will specifically address goals (3) and (4) of the 2000 Fish and Wildlife Program by providing tools that can be used to explore management alternatives used to direct white sturgeon populations towards desirable population characteristics while acknowledging constraints imposed by the operation of the Federal Columbia River Power System.  

This project also addresses measures pertaining to white sturgeon rehabilitation from the 1994 Fish and Wildlife Program (NPPC 1994).  The 2000 Program calls for the continuation of existing measures from the 1994 Program until subbasin plans are adopted, the measure has been specifically repealed, or three years have elapsed since implementation of the 2000 Program, whichever comes first.  Because the program summaries for the Mainstem and Systemwide Province have not been adopted, measures specific to white sturgeon have not been repealed and three years have not elapsed since implementation of the 2000 Program, measures from the 1994 Fish and Wildlife Program addressing white sturgeon are still in effect

Measure 10.4 of the 1994 Fish and Wildlife Program (NPPC 1994) and its sub-measures deal directly with actions to restore white sturgeon populations and mitigate for losses to the populations caused by hydropower system development and operation.  This proposed work seeks to pull together results from activities that are currently underway by numerous federal, state, provincial, aboriginal, and private entities.  Measure 10.4A calls for the study and evaluation of white sturgeon populations.  Several stock assessment projects have been completed in a number of areas in Columbia, Kootenai, and Snake rivers.  However, no attempt has been made to investigate why differences in population characteristics (growth rates, densities, annual mortality) exist among reservoirs and basins. For fishery managers to set biological objectives for recovery and using population characteristics studies need to be undertaken to explore the influence of habitats on these population characteristics.   Parsley (1992) showed that the four riverine segments between the mouth and McNary Dam differ substantially in bathymetry and substrate, and Parsley and Beckman (1994) describe the differences in rearing habitats for white sturgeons among these areas.  Thus, it’s conceivable that we should expect to see differences in population characteristics among impounded areas within the Columbia River Basin.  The proposed project will investigate the effects that differing physical habitat among areas has on population characteristics.  

Supplementation of white sturgeon populations is currently being done under the auspices of measures 10.4A2 and 10.4A3 of the Northwest Power Planning Council’s Fish and Wildlife Program, Wy-Kan-Us-Mi Wa-Kish-Wit developed by the Umatilla, Yakima, Warm Springs, and Nez Perce tribes, and the U.S Fish and Wildlife Service’s Recovery Plan for Kootenai River White Sturgeon.  Supplementation activities include translocation of fish and conservation aquaculture.  These efforts are following sound management protocols that seek to avoid genetic risks.  The proposed project is unique in that it will seek to provide a better understanding of three risks associated with supplementation of white sturgeon populations.  These risks include the risk that supplementation could lead to over-exploitation, the risk that supplementation could lead to replacement of natural populations with individuals adapted to hatchery conditions rather than natural environments, and the consequences of terminating a supplementation program.

In addition to addressing objectives and measures outlined in the Fish and Wildlife Program, this project addresses needs outlined in recovery plans for endangered species in the Columbia Basin. Section 7.3 of the NMFS Biological Opinion requires agencies to 1) Halt the decline of salmon, lamprey, and sturgeon populations above Bonneville Dam within 7 years, and 2) Increase lamprey and sturgeon to naturally sustaining levels within 25 years in a manner that supports Tribal harvest.  In addition, findings from the project will be helpful in the recovery of listed Kootenai River white sturgeon.  

This project addresses priority needs identified by the Action Agencies review of program summaries based on the NMFS Biological Opinion and the Fish and Wildlife Program.  Tasks identified that need immediate implementation that are addressed by this project include (1) develop an adaptive management tool to determine what combination of supplementation, broodstock management, and harvest policies lead to improved viability of white sturgeon in all river sections and (2) assess the impact of hydropower development and operation on white sturgeon.  

Because this project seeks to pull together data from throughout the Columbia River Basin, this project serves the needs outlined in the White Sturgeon Program Summary for the Mainstem and Systemwide Province.  In addition, it will add value to projects investigating white sturgeon that are identified in the recently completed subbasin summaries by providing a means of comparison of population characteristics among the subbasins.  

d. Relationships to other projects 
This project will provide an important method of combining expertise and data derived from the various studies throughout the Columbia River Basin.  Rehabilitation of white sturgeon populations is important to many governmental, tribal, and private entities in the US and Canada.  A partial listing of entities currently providing funding to recover or build white sturgeon populations in the basin includes the Bonneville Power Administration, Idaho Power, Grant County PUD, Oregon Department of Fish and Wildlife, Washington Department of Fish and Wildlife, US Fish and Wildlife Service, British Columbia Ministry of Water, Lands, and Air Protection, Department of Fisheries and Oceans – Canada, BC Hydro, Cominco, and Columbia Power Corporation.  Funding from these entities supports research and management efforts performed by US and Canadian federal, state and provincial researchers and managers, US Tribal and Canadian First Nations scientists, university researchers, corporate scientists, and private consultants.   Communication about ongoing work among these individuals and entities is facilitated by several regional workgroups including the Kootenai River White Sturgeon Recovery Team, the international Upper Columbia River White Sturgeon Recovery Initiative, periodic workshops funded by the Bonneville Power Administration, program reviews, and professional meetings.  Because the goal of nearly all these efforts is to rehabilitate depleted populations or maintain existing fisheries, the work proposed in this project will provide added value by helping to better understand how the different management practices, acting under differing environmental conditions, can move populations towards desirable conditions.  This project will convey its findings to stakeholders in the basin through meetings, workshops, and publications.  

Currently, the Bonneville Power Administration is funding several projects that are collecting data that would be relevant to this proposal.   Project 198605000, White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers, has generated a wealth of information on stock status and population characteristics from 11 reservoirs on the Columbia and Snake rivers.   Project 198806400, Kootenai River White Sturgeon Studies and Conservation Aquaculture and Project 198806500, Kootenai River Fisheries Investigations has substantial data for the endangered Kootenai River population.  Project 199700900, Evaluate Potential Means of Rebuilding White Sturgeon Populations in the Snake River Between Lower Granite and Hells Canyon Dams should have information for the Lower Granite Reservoir and Hells Canyon reach of the Snake River, and Project 199502700, Develop and Implement Recovery Plan for Depressed Lake Roosevelt White Sturgeon Populations, has stock status information for Lake Roosevelt.  

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

In addition to projects funded by Bonneville Power Administration, additional ongoing white sturgeon projects in the Columbia River Basin are funded through non-federal sources.  Idaho Power has collected similar information from several reservoirs upstream from Hells Canyon Dam, and Grant County PUD is currently undertaking studies to assess fisheries in the Priest Rapids Dam Complex.  Douglas County PUD has completed one field season (2001) of sampling in Wells Reservoir.  Chelan County PUD funded sampling in Rocky Reach and Rock Island reservoirs in 2001 and 2002.  Grant County PUD funded sampling in Wanapum and Priest Rapid reservoirs in 2000 and 2001.  We anticipate having access to these data as well, though some restrictions may exist due to corporate policies during Federal Energy Regulatory Commission relicensing activities.  

The Upper Columbia River White Sturgeon Initiative is an effort by Canadian and US governmental, state, provincial, aboriginal, corporate, non-profit, and private entities to restore white sturgeon populations in the upper Columbia River.  This effort includes the transboundary reach between Grand Coulee Dam and Hugh L. Keenleyside Dam and areas upstream where white sturgeon were historically present.  This initiative is funding projects to characterize white sturgeon population status, investigate spawning and recruitment, and to determine causes of recruitment failure, and to develop supplementation alternatives.  The tools developed in this proposal will make use of data generated by these efforts as well as provide feedback to the participants involved in the Upper Columbia River White Sturgeon Initiative.

Past, ongoing, and proposed studies will provide additional information on physical, biological, and chemical environment that now must support white sturgeon populations.  The results from Bonneville Power Administration funded project 199800402, Assessment of the Impacts of Development and Operation of the Columbia River Hydroelectric System on Mainstem Riverine Processes and Habitats should allow us to compare physical differences in habitat that exist among reservoirs with population characteristics of the white sturgeon populations found within them.  We anticipate that several proposals that will be developed from the Mainstem & Systemwide Water Quality Program will provide additional information.  The US Geological Survey, Columbia River Research Laboratory has been assessing habitat conditions using detailed bathymetry, hydraulic modeling to characterize water velocities, and sidescan sonar techniques with groundtruthing to characterize riverbed sediments in Bonneville and John Day Reservoirs.  This information will be used to investigate how variable habitat characteristics among areas influence white sturgeon populations.

e. Project history (for ongoing projects) 

This is a new project.  However, see the “Model History” in Section 9 for relevant history of research funded by others.

f. Proposal objectives, tasks and methods
This proposal seeks mainly to address the question:

“How can population monitoring information be used to design adaptive policies for supplementation and harvest management that will enable Columbia River Basin white sturgeon populations to thrive?”  We will pursue this question by expanding the application of an existing population viability model and addressing the following three objectives:

Objective 1. Integrate basin-wide information on white sturgeon habitat, growth and population status.

Task a. Gather and summarize data describing population sizes, length-weight relationships, and age-length relationships from studies of white sturgeon conducted in the basin.

Task b. Gather and summarize physical data describing river segments, reservoirs, and hydroprojects.

Task c. Gather summaries of annual hydrology and daily temperature and flow data for each river segment.

Task d. Gather and summarize information on management variables (angling regulations, hatchery operations, and stocking).

Task e. Conduct a workshop for stakeholders. Define desirable outcomes (objective function) and prioritize policy “knobs” that are amenable to adaptive management.

Objective 1. Methods

The first objective of this project will be to integrate data from various studies that have been conducted along the Columbia (upper and lower basin) and Snake River for use in the population model.  USGS will be responsible for maintaining contacts with stakeholders in the CRB by hosting a workshop held in the first year of this project, by attending meetings related to other CRB projects funded by BPA, and by initiating conversations as needed.  This effort will benefit the overall BPA program for this species by gathering and integrating information from resource agencies on population status, habitat availability, and genetic diversity in each section of the Columbia River (Tasks 1a-1d).  By suggesting how monitoring data can be used in future to meet systemwide goals for white sturgeon (Objective 3), this project seeks to make data aquired in future become even more valuable to managers.

Tasks 1a-1d.  River sections differ in a number of ways, and many of these differences are represented, or will be added, to the model.  The amount of free-flowing habitat available for spawning is higher in some reaches than in others.  Thermal regimes follow different gradients in the Snake and Columbia Rivers.  River temperatures in the Snake River increase farther inland, whereas river temperatures of the Columbia River become cooler closer to its source.  Harvest regulations change, with only catch-and-release fishing allowed in the Snake River upstream of Lower Granite Dam and in the Columbia River upstream of Priest Rapids Dam.  Longitudinal position and passage facilities result in different rates of migration between adjacent river segments.  Isolated headwater populations have no interchange with the remainder of the river’s white sturgeon.

Many of the attributes of river segments and their white sturgeon populations vary with time.  These tasks should consider how to incorporate both historical information and data describing the current status of each segment.

Task 1e. This project will begin with a workshop, during which stakeholders in the CRB will be asked to (1) define systemwide management goals (or undesirable conditions to avoid) and (2) identify and rank management knobs to consider.  Maximizing the likelihood of long-term white sturgeon persistence, minimizing inbreeding, maximizing sustainable yield, are examples of desirable future conditions that might be identified.  The workshop will be held in the Pacific Northwest at a location convenient to most stakeholders.  Questionaires will be distributed to solicit information and opinions in a formal manner.

Objective 2.  Develop a metapopulation model for Columbia Basin white sturgeon.

Task a. Incorporate new features into the Snake River PVA model.

Task b. Calibrate the model to data for populations and river segments in the Columbia River basin.

Task c. Evaluate growth differences among river segments with regard to environmental differences to address the question:  “To what extent can we explain longitudinal differences in maturation and growth of female white sturgeon in the Columbia and Snake Rivers by variables that summarize water temperature on an annual basis?”  

Objective 2. Methods

Task a. Adapting the Snake River PVA model to the broader geographic scope of the CRB will require additions and changes to the model.  Some of these may arise as suggestions at the first workshop.  Although we are not in a position to anticipate all additions needed, we anticipate that the CRB model will need to simulate the following new processes:  (1) supplementation, (2) locks, (3) downstream passage facilities, and (4) branching river topology.  Supplementation from artificial propagation can be done by simulating hatchery “populations,” or simply by tracking annual numbers released and the degree of genetic relationship among released fish.  A conceptual model for representing captive populations has been developed at ORNL for the Pallid sturgeon in the Missouri River.  Changes to the migration routines are probably needed to account for project differences in upstream and downstream passage.  In addition to these specific man-made influences, adding all river segments and populations in the CRB, including several lower Columbia River populations that are much larger than those of the Middle Snake River, will require us to implement different algorithms in our individual-based model.

Task b. The next step will be to parameterize and calibrate the model to CRB data.  The data collected under Objective 1 will be used, in combination with finer-scale models for spawning, to obtain model input parameters that represent segments and populations in the Columbia and Lower Snake Rivers.  We will then compare model predictions with monitoring data describing population status in the various river segments and reservoirs of the CRB.

Task c. This task will use the data integrated from Objective 1 for a larger number of river segments to improve our understanding of how physical differences relate to differences in white sturgeon status.  We will evaluate growth differences among river segments with regard to environmental differences.  Bevelhimer (accepted) used a bioenergetic model written in Stella for white sturgeon to evaluated geographic differences in the Middle Snake River.  This task will extend these results to a larger geographic area to address the question:  “To what extent does temperature explain longitudinal differences in maturation and growth of female white sturgeon in the Columbia and Snake Rivers?”

Objective 3.  Identify adaptive policies predicted to bring white sturgeon populations closer to desirable outcome.

Task a. Incorporate monitoring feedbacks (adaptive policies) into the model.  

Task b. Implement the optimization phase.  

Task c. Conduct a workshop to evaluate model results and outline a monitoring program suitable for validating predictions.
Objective 3. Methods

Data from programs that monitor the status of white sturgeon populations are most valuable if they provide feedback to resource managers to fine-tune policies.  Although we used the Snake River PVA model to simulate demographic and genetic consequences of alternative translocation and passage scenarios, our approach did not incorporate adaptive policies (i.e., policies that change in response to triggers in population status).  In the proposed study, we envision developing a formal tool for finding adaptive policies with the Columbia Basin model.  This will involve simulating both uncertainties and lags in estimates of population status based on monitoring (Task 3a) because monitoring data are neither perfect nor instantaneously available to decision makers.    An important step will be sharing of results with resource managers and other stakeholders, and soliciting feedback (Task 3c).  Ultimately, our goal is to design potential policy adjustments in response to monitored population status. This study should suggest what types of population monitoring data, and what time intervals for monitoring, are needed to provide policy makers with useful feedback.

Task a. We conceptualize an adaptive policy as a response function that has two parts:  (1) a trigger threshold – a specific measure of population status that triggers a response in policy, and (2) a policy response – a specific change in a policy.  We hope to use optimization methods to identify adaptive policies that [the model predicts] will move the system toward a desired future condition.  In a previous study, Jager and Rose (accepted) used optimization methods, combined with an applied individual-based model for chinook salmon, to design flow management strategies to benefit salmon.  This study would go a step farther by permitting feedback between monitored population data and policy.  We will develop a general function to represent feedback between population status and future policy.  Parameters to be added will include (1) a time lag between information describing population status and policy adjustment and (2) uncertainty in population status.  Depending on which policies we decide to include based on workshop recommendations, other model parameters will also be needed.  For example, to evaluate harvesting policies, one might include slot limits or an annual harvesting limit per angler that changes in response to population size.

Task b. This task will seek to define a well-posed optimization problem that involves parameters of a feedback function and a management objective defined by stakeholders.  If the number of decision variables of interest to the group becomes too large, we may define and address separate problems to improve our understanding of the solutions.  Likewise, solutions to problems defined by individual objectives will be evaluated to begin with, rather than complex multi-objective problems. Because optimization is computationally intensive, compounding computing requirements of the metapopulation model itself, we envision using a multi-processor environment to carry out the optimization.  The model code will be transported to a parallel computing environment for the optimization phase.

Before we can find solutions, we will need to find a solution method.  We will seek a heuristic algorithm that is (1) amenable to parallel computation, (2) fast, and (3) that has a high likelihood of finding optimal (global) or near-optimal solutions.  We will focus on the class of metaheuristic solution methods collectively known as “adaptive memory programs,” which includes probabilistic taboo search, adaptive multi-start, genetic hybrids, and max-min ant systems (Taillard et al. 1998).  These algorithms share an ability to remember previously visited areas of state-space, and an efficient local search algorithm.

Task c.  We will gather stakeholders at a second workshop, or at another forum attended by a large number of stakeholders (e.g., Western AFS), specifically for the purpose of presenting results and soliciting feedback.  One goal of this workshop will be to define a field monitoring program suitable for validating model predictions.

g. Facilities and equipment
The USGS and ORNL have sufficient resources for this endeavor.  The office environments are well equipped with computing and communications systems.  Model development will take place on a desktop environment under Visual C++.  For the optimization (production) phase, we propose to use a Beowulf (Figure 2) that currently consists of 9 dual-processor nodes interconnected by two fast Ethernet networks (100 Mb/s) and a high bandwidth, low latency network for message passing that exceeds 1 Gb/s.  Each node runs the Linux operating system and contains two 1.0 GHz Pentuim III processors, 1 GB of RAM, and 18 GB of hard disk space.  We propose to use the Portland C and C++ compilers, combined with MPI (Sca-MPI, MPICH, and LAM/MPI) message passing libraries.
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Figure 2.  “First-generation beowulf machine, which has now been replaced with the system described above.
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Section 10 of 10. Key personnel

Michael Parsley will serve as the principal investigator for USGS.  USGS personnel will spend approximately 0.25 FTE on this project.  Mr. Parsley’s role will be to serve as a liason with other projects in the Columbia Basin, as well as providing general oversight.  Dr. Jager (0.5 FTE) will be the principle investigator for ORNL.  She will be responsible for project management, and carrying out the population modeling and optimization tasks conducted at ORNL.  Dr. Bevelhimer (0.2 FTE) will be responsible for tasks involving bioenergetic modeling.
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Dr. Jager has extensive experience in the development of computer models to better understand ecological processes that govern fish populations and aquatic communities. She has developed population models (both individual- and stage-based) for a variety of species (rainbow trout, brown trout, Chinook salmon, smallmouth bass, and white sturgeon) to assess the effects of flow, climate change and other environmental change on population success. Her recent investigations in the development models for Population Viability Analyses expands both the temporal and spatial scale of previous models to assess the long-term viability of threatened meta-populations.
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Dr. Bevelhimer has extensive experience in both the thermal ecology of fishes and the effects of hydropower operations.  He has successfully combined field study, laboratory experimentation, and computer modeling to assess the effects of environmental change on fish, including the effects of hydropower operations on resident and non-resident fish via alterations in flow dynamics and water quality. He has developed bioenergetics models for a variety of fish species to investigate fish growth and reproductive output, individual-based models to evaluate population-level effects, and hydrological models to assess stream flow and temperature interactions.  Relevant projects within the past year include: bioenergetics modeling of Snake River white sturgeon, field study salmonid passage issues at hydro facility in Michigan, water quality model development for dam tailwater in Tennessee, and environmental impact assessments at four hydro projects in Oregon and Washington.
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1984-Present
U.S. Geological Survey.  (1) Research Fishery Biologist and Project Leader for sturgeon studies (7 years).  Current responsibilities.  Principal Investigator for studies on the ecology and biology of sturgeon in the Columbia River. Coordinate research activities on white sturgeon with the activities and needs of the tribes, states, and other governmental agencies.  Oversee the work of several biologists and technicians.  Geospatial technology coordinator for the Western Fisheries Research Center.  (2)  Research Fishery Biologist, U.S. Geological Survey – conducted a variety of field and laboratory studies on the ecology and biology of white sturgeon.
Duties as Principal Investigator on this proposal.  Organize regional meetings and workshops and act as contact point for communications among basin scientists.  Analyze data, report findings, and prepare manuscripts for submission to journals.  Coordinate research activities on white sturgeon with the activities and needs of the tribes, states, and other governmental agencies.  FTE - ~2 months.
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