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Workplan


The development of the hydropower system has severely impacted populations of white sturgeon upstream from Bonneville Dam throughout the Columbia and Snake Rivers.  White sturgeon often experience year-class failures because of poor recruitment to young of the year in mainstem reservoirs (Parsley and Beckman, 1994; Anders et al., 2002; Parsley et al., 2002).  The poor reproductive success of white sturgeon in the impounded sections of the Columbia and Snake Rivers has been attributed to habitat, flow, and temperature alterations, and possibly environmental contaminants, as a result of hydroelectric development (Parsley and Beckman, 1994; Anders et al., 2002; Foster et al., 2001; Paragamian and Kruse, 2001; Paragamian et al., 2001; Parsley et al., 2002; Secor et al., 2002).  The white sturgeon population in the relatively natural stretch of the Snake River between Hells Canyon Dam and Lower Granite Dam does have natural recruitment, though it is hypothesized that natural production has been reduced by hydropower development and operation (Everett et al., 2003).  Nevertheless, the health of this population, and its potential for sustainable use, remains uncertain.





The Biological Risk Assessment Team (BRAT) has identified management objectives, performance measures that are associated with each management objective, and mitigative actions to improve white sturgeon populations between Lower Granite and Hells Canyon Dams.  We propose to assess the relative benefits and risks associated with the proposed mitigative actions aimed at restoring and rebuilding this Snake River white sturgeon population.  These analyses are herein referred to as the "Benefit-Risk Analysis".  Each proposed mitigative action will be ranked using the defined performance measures through several alternative models.  The model choice depends on the type of data available.  A biomass dynamic model will be used if biomass estimates are available.  Population viability analyses with harvest may be conducted if a time series of biomass or population estimates are available, along with catch-at-age estimates.  Age-structured sensitivity analyses, a life history approach, and age-structured simulations which fit specific parameters to existing age frequency information will be used for the length-frequency estimates and mark-recapture data.  A new tool, referred to as the Biggest Bang for the Buck (BBB; Plummer et al., in prep), will also be incorporated into the overall Benefit-Risk Analysis if the Nez Perce Tribe can provide information regarding the cost associated with each mitigative action.





The BBB is a hybrid of the ecological and economic approaches used to set conservation priorities.  It incorporates the constraints of limited resources and legal requirements without forcing everything through a dollar metric.  A biological metric is used to measure the benefits of mitigative actions, and an economic metric is used to measure costs.  While this approach precludes estimating the net benefits of a given action, the BBB approach nevertheless produces (in principle) a simple, intuitive method for setting mitigative priorities: Give highest priority to those actions that have the greatest ecological effect relative to the economic cost of producing that effect.  We feel that this approach will provide the best framework for ranking alternative mitigative actions.





Our team of researchers is in an extremely unique position to evaluate the potential impacts of the proposed mitigative actions described for white sturgeon management in the Snake River.  We have two scientists who specialize in white sturgeon research, Dr. Molly Webb and Kevin Kappenman, two researchers who specialize in population modeling and risk analysis, Dr. Selina Heppell and Rishi Sharma, and a geneticist, Shawn Narum.  Dr. Matt Powell may also participate in assessing how the mitigative actions may maintain genetic stock diversity and preserve genetic stock identity.  Molly Webb and Kevin Kappenman focus specifically on reproduction and fisheries related issues, including population abundance estimates, the development and implementation of conservation propagation programs, and the impact of catch-and-release on sturgeon reproduction.  Selina Heppell and Rishi Sharma focus on population modeling, evaluating trends in populations over time, and testing different management strategies based on knowledge of population dynamics, production capacity, and current and historic rates of exploitation.  Shawn Narum is a conservation geneticist with focus on determining genetic structure and gene flow within Columbia River fisheries.





Our proposed workplan has been divided into 4 phases to accomplish the task of completing a Benefit-Risk Analysis for white sturgeon in the Lower Snake River.  The 4 phases are:  





Phase 1-acquistion of existing data and literature review


Phase 2-data compilation and organization for Benefit-Risk Analysis


Phase 3-Benefit-Risk Analysis


Phase 4-write-up and dissemination of results to the Nez Perce Tribe and BRAT





Each phase has an estimated time line of 2 weeks.  Details of each phase are described below.





Phase 1-Acquisition of Existing Data and Literature Review.  The complete research team will meet with the BRAT at the onset of the project to discuss what existing data is available, the format of existing data, and data gaps.  Following this meeting, existing data will be acquired from the Nez Perce Tribe and regional fisheries managers and researchers.  A literature review will be conducted to ensure all available data for the Snake River white sturgeon population and data from other white sturgeon populations that may be applicable to the analyses are incorporated in the data set.  The results of the Phase will determine exactly which models will be used, and the appropriate metrics or "currencies" for comparing those models.





Phase 2-Data Compilation and Organization for Benefit-Risk Analysis.  The data will be formatted and organized appropriately for each model to be used in the Benefit-Risk Analysis.  Depending on the existing format of the data and the ease with which this data is transferred into programs required for analyses, this phase may take less than the estimated two weeks.





Phase 3-Benefit-Risk Analysis.  Sturgeon have key life history traits that are important complexities to add to the assessment of the relative benefits and risks associated with the proposed mitigative actions.  These life history characteristics include late age at first maturity, pulse recruitment, long and variable spawning periodicity, and shifting carrying capacity (K; pre-and post-dam K are not likely the same).  The following alternative models will be used in the Benefit-Risk Analysis:





Biomass Dynamic Model:  If biomass estimates are available, a biomass dynamic model may be employed.  Empirical basis for estimates of intrinsic growth rate of the population, as well a theoretical K will be required.  This may be estimated if we have a decent time-series of biomass available.  A logistic model of population growth as per Hilborn and Walters (1992) may be used with the addition of a change in K and time lag.  The assumption is that the population is at a stable age distribution. 


�						(1)


where N = population size at a particular time t, r = intrinsic growth rate of the population, K = carrying capacity or population size at virgin biomass, and � = harvest rate during a particular year.





Using biomass data, we may be able to estimate r and K for this population using Bayesian techniques, such as Sample Importance Resampling (SIR).  SIR techniques (Rubin 1988) can be used to estimate distributions around the model parameters, r and K.  Simulations will pick 100,000 pairs of randomly selected values of r and K from non-informative prior distributions to estimate posteriors.  The prior distributions are uniformly distributed as r~U[0,0.05] as we know that sturgeon being a K selected species will probably not have a growth rate higher than 5% per annum, and K~[1000,31000], which is based on the available area for spawning and can differ based on the free flowing sections available to white sturgeon if particular mitigative actions are taken.  For simulation purposes, joint probability distributions can be estimated to generate stochastic values for sets of parameters (r and K) and their associated error using the time series available biomass data.  In cases where data resolution is not that great, white sturgeon r and K estimates with variance could be used from other populations and applied to this population for a simulation based exercise.





Population Viability Analysis:  A Population Viability Analysis with a harvest rate schedule and some uncertainty on the parameter estimates may be conducted using the following methodology (Equations 2 and 3 below).
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Population biomass can be projected (Equation 7) for 100 years beyond the present population based on randomly selected values of the parameters r, K and (2 generated from their joint distribution, while µ is based on management projected harvest rates (as either a rate or the number of sturgeon taken as a quota).





If age-specific data is available, we may use a more complicated catch-at age model for forecasting trends in the population based on size selectivity and harvest rates (Fournier and Archibald, 1992, Hilborn and Walters 1992).  Methods used for this type of analysis are shown below:
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Recruitment to age 2 and time t is estimated as a function of the model projected catches and escapement and will be based on the estimates of mature females in the population.
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Essentially population size at time t, is a function of population size at time t-1, and is a function of both fishing mortality at that age and time, and natural mortality at that age.  Estimates of age specific mortality found in Everett et al. (2003) and for other populations of white sturgeon will be applied.





In order to project catch, we need to estimate a catchability coefficient (q0) as a function of effort.
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Fishing mortality at age is then estimated as a function of age specific vulnerability and F (full).
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Catch at age and time is then projected as a function of cohort at a particular age, and fishing mortality and natural mortality at that age (equation 5).
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Using equations 4 to 8, we can estimate most of these parameters based on the age specific data that is available and then project the effect of taking a fixed size-specific quota out of this population and its effet on population trajectory.  In addition, if mitigative actions can reduce the natural mortality in certain age groups, we can demonstrate where the benefit for the long term viability is most useful for this population.





Age-Structured Sensitivity Analyses: This analysis utilizes the same age-structured model described in the Population Viability Analysis section.  Life history characteristics of a species that determine its maximum population growth rate include age at sexual maturation, adult survival rate (with or without harvest), survivorship to maturity, and fecundity.  These characteristics also determine, in a predictable way, the sensitivity of population growth rates to changes in survival at different life stages.  This analysis is somewhat simpler than viability analysis, but it is also more robust to uncertainty.  The sensitivity of maximum population growth rate to changes in survival also serve as the baseline information required for the Biggest Bang for the Buck analysis (below).





The life history of a species, as it relates to population dynamics and management, includes information about each life stage and its habitat.  Population models require estimates for the vital rates of a species – growth, survival, and reproduction – as well as parameters for interactions with fisheries (bycatch and directed harvest mortality) and density-dependent responses in vital rates.  Because sturgeon are long-lived and late-maturing, it is important to include time lags such as age at maturity in any model of viability.  Growth rates observed in the field tell us the length of time spent in each life stage and its associated habitat.  Survival rates for each life stage or size class can be estimated through mark-recapture methods or catch curve analysis, which estimates the rate at which a cohort disappears through time.  Reproduction can be determined from an assessment of eggs per female, but an annual reproduction parameter must include an estimate of the frequency of spawning, which has not yet been well-determined for wild white sturgeon. Successful recruitment years result in production of millions of larvae, but average recruitment is strongly dependent on the frequency of good spawning years.





A sensitivity analysis is a quantitative comparison of the relative impact of model parameters on a population response, which can be used to compare management alternatives qualitatively.  The analysis calculates the change in the outcome of a model (e.g., the population growth rate or stage distribution) when a parameter in the model is altered.  In linear models (i.e., those without density dependence) and models that do not include stochasticity, the sensitivity of the asymptotic population growth rate (() can be used as an index to make predictions such as, "increasing large juvenile [loggerhead sea turtle] survival will have a relatively greater effect on population growth than saving eggs and hatchlings" (Crouse et al. 1987). 





For simple linear models, the first step in a sensitivity analysis is to calculate the stable stage distribution (w) and the stage-specific reproductive values (v) of the projection matrix. These are the right and left eigenvectors associated with the dominant eigenvalue (, which are usually scaled such that ( (wi) = 1 and the reproductive value of stage or age 1 individuals (v1) = 1. Caswell (1978) used these eigenvectors to calculate the sensitivity of ( to changes in any matrix entry (aij):


�									(1)


where <w,v> is the inner product of the two vectors, {v1 ( w1 + v2 ( w2 ...}. The sensitivity analysis is a derivative that tells us how ( will change if a model parameter is increased or decreased by a small amount.  An elasticity analysis ( = proportional sensitivity, deKroon et al. 1986) calculates proportional changes in ( when matrix entries are changed by a small percent. The elasticity of each matrix parameter is:
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Proportional changes can be more relevant than absolute changes for comparing the effects of changes in parameters that are not on the same scale, such as fecundity and annual growth probabilities (Caswell 1989).  For example, we may use elasticities to compare the impact of a 10% increase in annual fecundity versus a 10% increase in the probability of surviving each year. Because the effect of a management proposal is often estimated as a proportional change in a vital rate, rather than an absolute change, elasticity analysis can be a highly useful comparative measure.  The elasticities of the matrix elements sum to 1.0 (Caswell et al. 1984, deKroon et al. 1986), so elasticity analysis provides us with a measure of the relative contribution of each parameter to the population growth rate l.  These proportional contributions can be added when a perturbation (such as harvest) will affect more than one life stage or age class.





While simpler than many population models, deterministic matrix models still require age- or stage-based estimates of growth and survival.  These are difficult to get for most species.  The stage-specific elasticities of an age-structured (i.e., Leslie) matrix with adults grouped into a single stage can be estimated without a complete life table using the following set of equations (Heppell et al. 2000):


�


where Pad is mean adult survival rate (annual), l is lambda, the asymptotic population growth rate given by the dominant eigenvector of a transition matrix (assumed to 1.0 for these analyses, reflecting a stable population), and ASM is age at sexual maturity, or the approximate age at which 50% of females can spawn.  Heppell et al. (2000) showed that this simplified model is a good approximation for the elasticities given by a full Leslie-type model, where adult age classes are considered individually.  





In the analysis of green sturgeon following the petition for listing the species as endangered, the sensitivity of population growth to changes in survival rates was explored.  This type of analysis may be possible for white sturgeon in the Snake River (Figure 1).  As well, the model for green sturgeon was used to determine how sensitive the population growth rate was to changes in survival rates for different slot limits (Table 1).
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Figure 1.  Alternative model structures used for a simple age-structured life history model of green sturgeon.  Circles represent life stages, which include more than one year.  Arrows represent transition probablities from one stage to the next or survival rates within a stage.  Fertility is the number of one year-old female offspring produced per female per year, on average, and is represented by arrows connecting adult stages to the freshwater juvenile stage.  In this model, adults are separated into age-classes with age-specific maturation and fertility.  Self-looping arrows on each stage represent multiple age classes in that stage (i=age class, Fi=% mature x eggs x probability of spawning x sex ratio x survival to year 1) (Heppell and Hofmann, 2002).






































Table 1. Elasticities of two Model II-type matrices for the combined age classes within a “slot” defined by minimum and maximum total length using two different growth curves.  F = fishing mortality rate, which can be converted to biomass based on the size limits defined by the slot and a length-weight regression (Heppell and Hofmann, 2002).





USFWS growth curve�
�
Min TL (in)�
Max TL (in)�
Years�
Elasticity of slot�
Change in ( with F = 0.1�
�
42�
72�
10-26�
0.425�
4.7%�
�
42�
66�
10-21�
0.310�
3.5%�
�
48�
66�
12-21�
0.257�
2.7%�
�
42�
60�
10-17�
0.208�
2.5%�
�
48�
60�
12-17�
0.156�
1.6%�
�
ODFW growth curve�
�
Min TL (in)�
Max TL (in)�
Years�
Elasticity of slot�
Change in ( with F = 0.1�
�
42�
72�
7-25�
0.533�
5.1%�
�
42�
66�
7-18�
0.358�
3.5%�
�
48�
66�
9-18�
0.297�
2.9%�
�
42�
60�
7-14�
0.242�
2.4%�
�
48�
60�
9-14�
0.181�
1.8%�
�



Age Structured Simulations:  Because sturgeon are long-lived, slow growing, and have intermittent recruitment, the assumption of stable age distribution (= constant proportion of animals in each age-class or size-class) is probably not valid.  Also, dams affecting this population were put in place less than two sturgeon generations ago, so changes in survival rates caused by those dams may not yet have been realized in the adult population.  We will run a series of stochastic simulations, based on the models described above, to “test” the robustness of the deterministic models under a range of more realistic scenarios.  These simulations, like the viability analysis described above, may also be useful to evaluate extinction risk under each mitigation scenario.





Biggest Bang for the Buck:  In the BBB, a biological metric is used to measure the benefits of mitigative actions, while an economic metric is used to measure costs producing a simple, intuitive method for setting mitigation priorities.  The BBB approach takes the following steps:





Specify a set of baseline conditions.  Use a baseline of zero conservation effort throughout the 20-year period.  The baseline conditions are expressed as vital rates and embedded in a demographic matrix with an associated lambda, (baseline.


Specify a set of potential mitigative actions.  


Estimate the “bang” for each mitigative action.  The biological effects of a mitigative action will need to be expressed as changes in survival rates for the appropriate life stage(s).  For each action, (action will be calculated as the dominant eigenvalue of the altered matrix.  The “bang” for the action is then (( = (action - (baseline.


Estimate the economic cost of undertaking each action, C.  The economic cost of an action is the discounted sum of its annual (or operating) and capital costs over the time period.  All cost data will be converted to constant 2004 dollars using the producer price index (Bureau of Labor Statistics) and a discount rate of 4.75%.


Calculate the bang for the buck of each action, or BB = ((/C.  This final step entails the combination of two uncertain estimates.  Rather than formally treat the distribution of BB, various scenarios will be created to reflect the potential uncertainty in the estimates of key parameters.  A midpoint scenario may use point estimates from the literature or our own estimations; we may also use the published and potential variation around these point estimates to construct a high and low scenario.





As a baseline population model for the analysis, we will use a deterministic, age-structured matrix, assuming 20 years to maturity.  Vital rates are based on data from the literature and reports and an initial population structure that matched the most recent age distribution.





This type of analysis requires an estimate of the cost of each mitigation plan.  Because we do not have an economist on our team, unless cost estimates are already available, our BBB rankings will only be preliminary.  However, it is often the case that order-of-magnitude estimates for cost and for predicted changes in survival rates are sufficient for ranking plans under this framework.





Comparing the Models and Ranking Alternative Mitigation Plans:  The “currencies" in these analyses depend on the model used: lambda (intrinsic rate of increase, or the population growth rate expected in the absence of density dependence), age structure (which can be converted to biomass), and egg production.  Biomass or numbers of fish available for harvest can also be a currency, but this will need to be explored with different scenarios of density-dependence.  To rank the different mitigation plans, we need to know how each will affect biomass or lambda through changes in survival rates.  We will discuss this and the most valuable course of action for analysis with the BRAT.





It is crucial to acknowledge the uncertainty in parameter estimates and, hence, results of each model.  The effects of certain model assumptions, such as stable age distribution, will also need to be discussed.  It is unlikely that a thorough sensitivity analysis of all models can be accomplished in the short time available for this project.  Thus, our focus will be on a qualitative assessment of the rankings of each mitigation action – which plans are likely to lead to “success” (to be defined with BRAT), and which are not.  More precise estimates of harvestable biomass or extinction risk will likely require a lengthier study.





Genetic Variation Analyses:  Published data will be scrutinized to determine if existing genetic analyses can provide the necessary information for this study.  If necessary, further statistical analyses will be done to estimate genetic variation of Snake River white sturgeon including calculations of haplotype diversity, nucleotide diversity, and heteroplasmy.  As data is available, patterns of geographical structuring will be evaluated by calculating genetic distances among haplotypes and constructing a neighbor joining tree.  Analysis of molecular variance will be calculated to identify components of genetic variation within populations, among populations within a region, and among regions.  The data among regions will also be evaluated for correspondence to isolation by distance models.





Phase 4-Write-Up and Dissemination of Results.  Following the completion of the Benefit-Risk Analysis, the research team will write-up the results of the analyses and prepare a manuscript for publication in a peer-reviewed journal.  Proper acknowledgement of data sources and funding will be given.  In addition, some type of editing authority will be granted to the Nez Perce Tribe when the Nez Perce Tribe's data is analyzed or in any way manipulated.  The results will be presented to the BRAT.
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Rishi Sharma is a Biometrician at the Columbia River Inter-Tribal Fish Commission.  Rishi has conducted a risk analysis for Queets Steelhead.  He has recently submitted a manuscript to Ecological Application entitled,” Estimating Critical Thresholds in Populations: A Simulation Approach based on Species Resilience to Disturbance” with Dr. Raborn at Alaska Department of Fish and Game.  Rishi was also instrumental in developing the report for the Pacific Salmon Commission entitled: Relating Risk of Management Error to Lower Bounds of Escapement for Additional Management Action. TC-Chinook (02)-2. June 2002.
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