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Glossary

The following definitions correspond to the usage of particular terms and concepts in the ICTRT Current Status Reviews.  For some applications more detailed explanations are provided in context within the reports. 

Abundance – The number of natural-origin spawners in a defined unit.  The ICTRT abundance criteria use a geometric mean over the most recent ten years as a consistent measure of current population abundance. 

Anadromous – A migratory life cycle where spawning and initial rearing occurs in fresh water and primary growth to adulthood occurs in marine waters.

Branch – A contiguous set of stream reaches containing a sufficient amount of habitat (measured as intrinsic potential) to sustain 50 spawners (approximately 1.25 km for spring/summer Chinook salmon and 3.0 km for steelhead).
Carrying capacity – The supportable population for growth and reproduction given the food, habitat, water and other necessities available within an ecosystem.

Connectivity – Linkage among habitats or geographic areas, allowing migration and/or gene flow between those areas.

Criteria – Specific values of metrics indicating different risk levels.

Biological viability criteria – Quantitative metrics describing abundance, productivity, spatial structure and diversity of a population, major population group or ESU/DPS.  

Delisting criteria – Criteria incorporated into ESA recovery plans that define both biological viability (biological criteria) and alleviation of the causes for decline (threats criteria based on the five listing factors in ESA section 4[a][1]), and that, when met, would result in a determination that a species is no longer threatened or endangered and can be proposed for removal from the Federal list of threatened and endangered species.

Diversity – Phenotypic (including life history) and genetic variation.

Domestication – Adaptation to propagation practices and environments resulting from selective processes in fish culture programs that differ from natural environments.

Distinct population segment (DPS) – A listable entity under the ESA that meets tests of discreteness and significance according to USFWS and NOAA Fisheries policy. A population is considered distinct (and hence a “species” for purposes of conservation under the ESA) if it is discrete from and significant to the remainder of its species based on factors such as physical, behavioral, or genetic characteristics, it occupies an unusual or unique ecological setting, or its loss would represent a significant gap in the species’ range.   
Ecoregions – Ecoregions denote areas of general similarity in ecosystems and in the type, quality, and quantity of environmental resources; they are designed to serve 
as a spatial framework for the research, assessment, management, and monitoring of ecosystems and ecosystem components.  Source: http://www.epa.gov/naaujydh/pages/ecoregions/id_eco.htm#Ecoregions%20denote
 Evolutionarily significant unit (ESU) – A group of Pacific salmon that is: (1) substantially reproductively isolated from other conspecific units, and (2) represents an important component of the evolutionary legacy of the species.
Gap – A difference between a measure of current status and a particular viability criterion.  For numerical criteria (e.g., abundance and productivity), gaps are expressed as the proportional change from a current value required to meet the corresponding viability criteria. 
Gene flow – Genetic exchange among breeding groups.

Hatchery-origin – Parents were spawned in an artificial production program. 
Historical – Typically, in this document “historical” refers to conditions prior to European influence.  
Homing – The tendency of anadromous salmonids to return to natal or release areas.  

Intrinsic potential – The estimated relative suitability of a habitat for spawning and rearing of anadromous salmonid species under historical conditions inferred from stream characteristics including channel size, gradient and valley width.

Intrinsic productivity – The ratio of natural-origin offspring (returns) to parent spawners at levels of abundance below carrying capacity.    The productivity metric incorporated into ICTRT viability criteria require that both parent and return estimates be expressed in terms of spawners. 

Introgression – Gene flow from one population to another. 
Maintained – Population status in which the population does not meet viability criteria but does support ecological functions and preserve options for ESU/DPS recovery.  

Major population group (MPG) – Groups of populations within an ESU/DPS that are more similar to each other than they are to other populations.  They are based on similarities in genetic characteristics, demographic patterns and habitat types and on geographic structure.

Major spawning area (MaSA) – A system of one or more branches that contain sufficient spawning and rearing habitat to support 500 spawners.  For Interior Columbia salmonid populations: defined using results from intrinsic potential analysis.  

Metric – Variables applied in assessing levels of risk and defining viability goals.

Minor spawning area (MiSA) – A system of one or more branches that contains sufficient spawning and rearing habitat to support 50 – 500 spawners (defined using intrinsic potential analysis).  

Natural-origin fish – Fish spawned and reared in the wild, regardless of their parental origin.  

Natural-origin recruits (or returns) – Adult fish returning to spawn, that were spawned and reared in the wild, regardless of parental origin.
Non-native – Individuals in a given area not descended from ancestral populations occupying that area.

Occupancy (of major and minor spawning areas) – Occupied areas are those in which two or more redds from natural-origin spawners have been observed in all years of the most recent brood cycle and at least half of the most recent three brood cycles.

Phenotypic variation – Observable variation in morphology, life history or behavior that is the product of the organism’s genotype and environment.

Population – A group of fish of the same species that spawns in a particular locality at a particular season and does not interbreed substantially with fish from any other group (also see definition of Viable Salmonid Population). 
Population viability analysis – An assessment of the likelihood that a population will persist for a specified period of time.

Productivity – The ratio of natural-origin offspring from spawning in a given brood year to the corresponding total number of parent spawners (see also Intrinsic productivity). 

Quasi-extinction threshold (QET) – The minimum number of individuals below which the population is likely to be critically and immediately imperiled.  We implemented a QET of 50 spawners per year over a consecutive four-year period. 

Reproductive failure threshold (RFT) –  Spawner abundance at which productivity is set to zero in a population analysis due to uncertainty about reproductive rates and measurement error in spawners at low densities.  We implemented an RFT of 10 spawners per year. 

Resident – An individual that does not migrate to marine habitats.

Spatial structure – Characteristics of a population’s geographic distribution, including its configuration, spatial extent and habitat quality.  Current spatial structure is dependent upon the presence of fish, not merely the potential for fish to occupy an area. 

Technical Recovery Teams (TRTs) – Teams convened by NOAA Fisheries to develop technical products related to recovery planning for defined geographic regions. TRTs are complemented by planning forums unique to specific states, tribes, or regions, which use TRT and other technical products to identify recovery actions. 

Viable salmonid population (VSP) – A population having a negligible risk of extinction due to threats from demographic variability, local environmental variation, and genetic diversity changes over a 100-year time frame.

Viability curve – A line defined by the combinations of abundance and productivity that yield a particular risk or extinction level at a given level of variation over a specified time frame.

Part 1: Introduction

The Interior Columbia Basin Technical Recovery Team (ICTRT) is one of a series of Technical Recovery Teams established by the National Marine Fisheries Service (NOAA Fisheries) to provide scientific input and guidance into regional recovery planning efforts for listed salmon and steelhead.  The Interior Columbia River basin domain includes four salmon evolutionarily significant units (ESUs) and three steelhead distinct population segments (DPSs) listed under the Endangered Species Act.  

In previous reports, the ICTRT has described the historical and current population structure within each listed ESU or DPS in the Interior Columbia Basin (ICTRT 2003); developed viability criteria for application at the ESU/DPS, major population group (MPG) and population levels (ICTRT 2007a); and characterized the amount of change in abundance and productivity from current levels required to attain population viability objectives (ICTRT 2007b).  

The ICTRT has compiled current status assessments for each listed Interior Columbia River Basin ESU/DPS in order to provide NOAA Fisheries and the participants in regional recovery planning efforts with a consistent overview of the current viability status and risk levels.  The assessments use available information to characterize the current status of each ESU/DPS in the context of the ICTRT viability criteria.  The ICTRT viability criteria address risk in terms of the distribution and characteristics of the component populations of an ESU/DPS.  The viability criteria are specifically designed to relate directly to the primary drivers of evolutionary and ecological functionality.  A more detailed discussion of the purpose and derivation of the ICTRT viability criteria can be found in ICTRT 2007a.  Although not designed as a limiting factors analysis, the results from the current status assessments described in this document can be used to direct or inform detailed limiting factors/threats assessments across the DPS. 
We have organized the Interior Columbia Basin status reviews into three volumes: Volume I - Snake River spring/summer Chinook salmon ESU, Snake River steelhead DPS, Snake River fall Chinook salmon ESU and Snake River sockeye salmon ESU; Volume II - Upper Columbia spring Chinook salmon ESU and Upper Columbia steelhead DPS; and Volume III - Mid-Columbia steelhead DPS.  In this report we summarize viability criteria, methods, current status results, and future monitoring and evaluation needs for the Snake River ESUs and DPS.  

1.1:  Snake River Spring/Summer Chinook Salmon ESU
The ICTRT has identified 31 extant historical populations within the Snake River spring/summer Chinook salmon ESU (ICTRT 2003).  In addition, drainages entering the Snake River above the Hells Canyon Dam complex historically supported many more populations of spring/summer Chinook salmon.  The extant populations within this ESU are organized into five MPGs that exist across a wide range of habitat and climatic conditions (Figure 1–1).  A detailed summary of the current status of each MPG is provided below.  The MPG summaries are based on the individual viability status assessments of the component populations. 
1.2:  Snake River Summer Steelhead DPS

This inland steelhead DPS occupies the Snake River Basin of southeast Washington, northeast Oregon and Idaho.  The DPS includes all naturally spawned populations of A-run and B-run steelhead in the Snake River and its tributaries (62 FR 43937; August 18, 1997).  Snake River steelhead are known to spawn and rear in all tributaries used by Snake River spring/summer Chinook salmon as well as many additional tributaries, some of which are much smaller than those used by spring/summer Chinook salmon.  The ICTRT (2003, p. 56-79) identified 29 populations in the DPS (Fig. 1–2).  The populations were grouped into six MPGs distributed across the DPS from southeastern Washington through northeastern Oregon and central Idaho. Twenty five populations are extant, one population is blocked from its historic habitat (North Fork Clearwater) and three populations in the Hells Canyon MPG are extirpated.

1.3:  Snake River Fall Chinook Salmon ESU

The ICTRT has designated three historical populations of Snake River fall Chinook salmon, two of which occupied areas above the Hells Canyon dam complex, a total block to anadromous migration.  The two extirpated populations represented the bulk of historical production within this ESU.  

The current fall Chinook salmon run is predominately associated with Snake River mainstem habitat between the upper end of the Lower Granite Dam reservoir (near Asotin, Washington) and Hells Canyon Dam.  That section of the Snake River mainstem is approximately 163 km in length and can be classified into three distinct reaches based on physical characteristics (Groves and Chandler 1999).  The uppermost reach, from Hells Canyon Dam downstream to the mouth of the Salmon River, is characterized by a relatively narrow channel with short, deep pools interspersed with rapids.  The middle reach, between the Salmon and Grand Ronde River confluences, widens considerably from a relatively narrow canyon section at its upper end and is characterized by lower gradients.  Flows in this reach are augmented by the inflow from the Salmon River drainage.  The lowest of the three mainstem reaches extends from the confluence with the Grand Ronde River to the upper end of Lower Granite Pool.  This reach is characterized by a wide channel with low shorelines, deep pools and relatively few rapids.  Flow and turbidity are the most variable in this reach.  

1.4:  Snake River Sockeye Salmon ESU
Snake River sockeye salmon have declined to extremely low levels and are currently associated with a single lake in the Stanley Lakes Basin.  In previous ICTRT analyses (ICTRT 2003, McClure et al. 2005) we have concluded that at least three lakes in the Stanley Lakes Basin supported independent sockeye populations (Redfish Lake, Alturas Lake, and Stanley Lake).  Two other small lakes (Pettit Lake and Yellowbelly Lake) may have supported sockeye production, however currently available information is insufficient to support definitive conclusions regarding whether or not they supported additional sockeye populations. 

Part 2: Methods

The methods used to generate the current status review of the Snake River ESUs and DPS are described in the ICTRT Viability Criteria Report (ICTRT 2007a).  This section includes brief descriptions of the ICTRT viability criteria excerpted from that report, additional details on the specific methods used to evaluate Snake River populations against those criteria, and a summary of the available data used in the assessments for each population.  We also briefly discuss potential needs for improvements and additions to the current monitoring programs that would reduce uncertainties in future assessments.  

2.1:  ICTRT Viability Criteria

Our viability criteria reflect the hierarchical structure of Interior Columbia River Basin ESUs and DPS.  Viability of an ESU/DPS is a product of the viability of the MPGs and their component populations.  Ecological and genetic patterns inherent in the distribution of populations within these levels contribute to the evolutionary history of the species.  The viability of an ESU/DPS cannot be evaluated without first understanding the viability of these component building blocks.  Thus our primary goal under this hierarchy has been to describe ESU/DPS viability through assessment of population extinction risks that consider abundance, productivity, spatial structure and diversity.  Abundance plays an important role in our viability criteria, since abundance is a key element of extinction risk.  However, it is important to recognize that a measure of average abundance alone is not sufficient for viability.  The population and ESU/DPS-level trends, distribution patterns and evolutionary potential (diversity) all contribute to ESU/DPS evolutionary and ecological functionality.  Our criteria at all levels seek to tie viability to the primary drivers of evolutionary and ecological functionality.

2.1.1   ESU/DPS Viability Criteria

Our ESU/DPS-level viability criterion is:

All extant MPGs and any extirpated MPGs critical for proper functioning of the ESU/DPS should be at low risk.

We express our ESU/DPS viability criterion in the context of MPGs—geographically and genetically cohesive groups of populations within an ESU or DPS that are critical components of ESU/DPS-level spatial structure and diversity.  

We have defined MPG-level viability criteria to ensure robust functioning at the metapopulation level and to mitigate the risk of catastrophic loss of one or more populations.  The viability of an MPG depends on the number, spatial arrangement, and diversity associated with its component populations.  We have developed the following MPG level criteria considering relatively simple and generalized assumptions about movement or exchange rates among individual populations (details for population viability are provided in the next section).

An MPG meeting the following five criteria would be at low risk:

1. At least one-half of the populations historically within the MPG (with a minimum of two populations) should meet viability standards.
2. At least one population should be classified as “Highly Viable.” 
3. Viable populations within an MPG should include some populations that are classified (based on historical intrinsic potential) as “very large”, “large” or “intermediate” generally reflecting the proportions historically present within the MPG.  In particular, very large and large populations should be at or above their composite historical fraction within each MPG.
4. All major life history strategies (e.g. spring and/or summer run timing) that were present historically within the MPG should be represented in populations meeting viability requirements.

5. Populations not meeting viability standards should be maintained with: 
a.  Sufficient productivity so the overall MPG productivity does not fall below replacement (i.e. these areas should not serve as significant population sinks)
b.  Sufficient spatial structure and diversity demonstrated by achieving “Maintained” standards.
2.1.2   Population Viability Criteria

Our abundance and productivity criteria are:

Intrinsic productivity and natural-origin abundance should be high enough that:

1. Declines to critically low levels would be unlikely assuming recent historical patterns of environmental variability

2. Compensatory processes provide resilience to the effects of short term perturbations

3. Sub-population structure is maintained (e.g., multiple spawning areas and major life history patterns). 

We developed a quantitative metric for evaluating the abundance and productivity (A/P) of a population.  Specifically, we generated “viability curves” for each ESU/DPS using a simple stochastic population model (ICTRT 2007a).  A specific viability curve is defined as the combinations of abundance and productivity corresponding to a particular extinction risk (Figure 2–1).  In general terms, high abundance combined with moderate productivity could provide the same extinction risk as that of a lower abundance but higher productivity.  We applied a quasi-extinction threshold (50 spawners per year for 4 consecutive years) to represent extinction in generating viability curves.  We incorporated a minimum abundance threshold into our viability curves to address genetic and spatial structure components of our general abundance and productivity objectives.  A particular viability curve is a function of a set of representative assumptions regarding population dynamics and environmental variation.  Sets of viability curves were generated using ESU-specific estimates of age structure and variability in brood year productivity (including variance and autocorrelation in annual rates).  
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Figure 2‑1. Example of a population viability curve.

Estimating Current Population Abundance and Intrinsic Productivity

The underlying objective of the comparison of current status against a viability curve is to evaluate the relative likelihood that natural-origin fish in the population of interest are capable of being self-sustaining.  Comparing current status against the appropriate viability curve requires a measure of recent natural-origin abundance and a measure of recent average intrinsic productivity.  Intrinsic productivity is the expected production rate (expressed as a ratio of returns to spawn in future years vs. parent spawning abundance) experienced when spawner densities are low and density dependence is not a major factor reducing productivity.  The recent abundance metric must be measured in terms of natural-origin spawners.  The measure of recent average productivity should reflect natural-origin returns produced from the total number of fish directly contributing to spawning in the parental year.  Hatchery-origin natural spawners are counted as parents in the productivity calculations, and their natural-origin offspring are counted as recruits and become natural-origin parents in the next generation.  In populations where a direct estimate of the relative productivity of hatchery-origin spawners is available, the estimate of intrinsic productivity should be adjusted to reflect the rate associated with natural-origin spawners.  

We calculated current intrinsic productivity estimates for Snake River Chinook salmon, steelhead and sockeye populations using a standard procedure (Figure 2–2) designed to provide consistent and objective population-specific estimates across all interior Columbia ESUs and DPSs.  The intent of this analysis is to estimate the expected productivity (e.g., median) for escapements below the minimum abundance threshold for each population.  To meet the ICTRT criteria for abundance and productivity, a population should demonstrate that it has sufficient capacity and productivity to maintain average abundance at or above the threshold.  In order to reduce the impact of sampling error and short term environmental fluctuations on estimates of average population parameters, we used multiple year estimates of average abundance and productivity to characterize current status.  A population is assigned a current risk level relative to the corresponding viability curves using an estimate of intrinsic productivity (data from the most recent 20 years) and an estimate of recent (10-year geometric mean) natural spawner abundance.

Return per spawner (R/S) datasets were compiled from data available for only 2 of the 24 extant populations in the Snake River steelhead DPS. The ICTRT used the aggregate returns of natural-origin steelhead over Lower Granite Dam adjusted to remove the returns accounted for by the populations with specific estimates to generate annual return estimates for average A-run and average B-run populations.  The procedure outlined in Figure 2–2 was applied to the population-specific estimates and the surrogate average A-run and B-run population numbers to calculate current intrinsic productivities.  The alternative method for application where more than half of the historically accessible habitat has been lost or highly degraded was not invoked for this DPS.
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The high variability and auto-correlation in annual marine survival rates confounds the ability to estimate average productivities from the relatively short time series of population-level abundance and productivity estimates.  In order to reduce the variability in estimating the mean productivity of populations at low to moderate abundance, we used regional smolt-to-adult return (SAR) estimates to adjust the returns for each brood year to reflect geometric mean SAR.  Incorporating a measure of relative survival through that component of the life cycle can, at least theoretically, substantially reduce statistical uncertainty (e.g., standard error) associated with estimates of geometric mean productivity.  

Snake River Spring/Summer Chinook Salmon
We generated an SAR index for natural-origin (naturally spawning) Snake River spring/summer Chinook salmon based on brood year ratios of returning natural-origin adults to out-migrant smolts estimated at Lower Granite Dam.  Two estimates were available for some out-migration years (Figure 2-3; J. Williams, NOAA Fisheries, and C. Petrosky, Idaho Department of Fish & Game).  We used annual averages of the paired estimates in our series.  

The resulting composite SAR index was used in calculating a set of current productivity estimates for each population data series adjusted to reflect average annual out-of-basin survival rates.   For each population series, the individual brood year return estimates were adjusted by applying the corresponding annual value from the Snake River SAR index series.  
While we “take out” annual variation in marine survival to reduce the variability in estimating geometric mean productivities associated with an average marine survival rates, we incorporate the full range of annual variability (including contributions of survival through the estuary/marine phase) in generating population-specific extinction risk assessments.
Snake River Steelhead

We used estimates of the SAR rates for the aggregate natural-origin steelhead run over Lower Granite Dam to construct a relative index for application to Snake River stocks.  Current estimates were provided by the Idaho Department of Fish and Game (Figure 2-4; C. Petrosky, IDFG, excel file s3.steelhead. 8.29.06 with transprop D and Su).

The resulting aggregate SAR index was used in calculating a set of current productivity estimates for each available population data series.  For each population series, the individual brood year return estimates were adjusted by applying the corresponding annual value from the Snake River SAR index series.  Juveniles from Snake River natural steelhead populations can outmigrate at multiple ages.  Based on limited data compiled across several populations, we assumed that 50% of the production from a given brood year migrated at age 2 and 50% at age 3.  We calculated a brood year SAR index for Snake River steelhead by averaging the smolt year SARs (Figure 2-4) for years n+2 and n+3, where n = brood year.   
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Figure 2‑4. Snake River Summer Steelhead DPS.  Aggregate SAR index (estimated smolt outmigration to adult returns to Lower Granite Dam) (note: Y axis is log scale).

Addressing Uncertainty in Population Parameter Estimates

The ICTRT viability report recommends a quantitative evaluation of the potential impacts of parameter uncertainty when comparing estimates of current status against viability curves.  We incorporated one of the options provided in the viability report into the population status evaluations in this volume.  If the combination of recent natural-origin abundance and intrinsic productivity for a population exceeded the 5% viability curve, we compared the lower end of the 90% confidence interval (CI) on the productivity estimate against the 25% risk curve.  If the lower end of that CI fell below the 25% risk curve, the probability that the population risk level is “high” would be greater than 5%.  If the point estimate defined by current geometric mean productivity and natural-origin abundance exceeded the 1% viability curve (very low risk), we compared the lower end of the 98% CI on productivity estimate to the 25% risk curve.

Recent Trend Analysis  

We include an analysis of recent trends in natural-origin returns into the population status evaluations.  The trend analyses complement the basic ICTRT viability metrics by providing explicit consideration of recent temporal trends in spawner numbers.  The ICTRT population abundance and productivity criteria were designed to evaluate average population performance over the recent 20-year period.  The methods for calculating geometric mean abundance and productivity are not sensitive to temporal trends in those parameters.  We adopted the trend metrics used in the Biological Review Team status assessments (Good et al. 2005): 1) regression of natural-log spawners vs. time; and 2) population growth rate (λ).  We generated the trend statistics using the statistical routines available in the SPAZ (version 1.1.8) computing package available for downloading at the NWFSC TRT website.

Spatial Structure and Diversity

We expressed spatial structure and diversity (SS/D) viable salmonid population (VSP) guidelines in a hierarchical format that outlined the goals, mechanisms to achieve those goals, and examples of factors to be considered in assessing a population’s risk level.  We developed some examples of scenarios leading to various levels of risk.  

Goals are the biological or ecological objectives that spatial structure and diversity criteria are intended to achieve.  We have identified two primary goals:

1. Maintaining natural rates and levels of spatially-mediated processes.  This goal serves to: minimize the likelihood that populations will be lost due to local catastrophe; maintain natural rates of re-colonization within the population and between populations; maintain other population functions that depend on the spatial arrangement of the population.  

2. Maintaining natural patterns of variation.  This goal serves to ensure that populations can withstand environmental variation in the short and long terms.

Mechanisms are biological or ecological processes that contribute to achieving those goals (e.g., gene flow patterns affect the distribution of genotypic and phenotypic variation in a population).
Factors are characteristics of a population or its environment that influence mechanisms (e.g., gaps in spawning distribution affect patterns of gene flow, which then affect patterns of genotypic and phenotypic variation).  In some cases the same factor can affect more than one mechanism or goal.  The distribution of spawning areas in a branched vs. linear system, for example, can affect both patterns of gene flow and the patterns of spatially mediated processes, such as catastrophes.  
Metrics are measured and assessed at regular intervals to determine whether a population has achieved goals, or to evaluate its current risk level.  Each factor has one or more metrics associated with it.
Criteria are specific values of metrics that indicate different risk levels.

We summarize the association between our defined goals, mechanisms, factors and metrics in Table 2–1.  When a factor affects more than one mechanism or goal, we listed it under the mechanism for which it is most directly relevant.  The table is organized hierarchically with the two primary goals of the SS/D criteria (McElhany et al. 2000) in the leftmost column.  For each goal, one or more mechanism to achieve that goal is given in the next column.  In general, these mechanisms describe the conditions associated with natural healthy populations.  The third column lists the factors associated with each mechanism.  Factors in this context are individual and population-level attributes that characterize each mechanism.  The metrics outlined in the fourth column are the quantitative and qualitative measures used to assess a population’s risk status relative to each metric.  

Factors expressed in terms of direct metrics are integrated at the mechanism level by calculating the mean of the three metrics, effectively assigning a higher weight to direct measures of SS/D criteria.  At the goal level the mean of the direct metrics is used for the same reasons.  In those cases where the mean ends in a decimal of 0.5 or less, we recommend rounding the score downwards to the higher risk level.  The lowest score (highest risk) from the three B.1 metrics is carried through the table to the factor and mechanism levels.  To the extent possible, B.1 metrics are measured or directly inferred deviations from natural patterns of phenotypic or genotypic expression, and are therefore given the highest weight in the overall integration of the B metrics.  B.2 metrics describe the influence that hatchery stocking may have on natural patterns of gene flow.  In general, these metrics are integrated in the same manner as B.1 metrics (highest risk is carried through to the factor and mechanism levels).  However, the case in which two or more of the metrics are rated moderate provides two complementary lines of evidence that hatchery stocking is altering the natural conditions and the risk level is increased to high accordingly.  Factors B.3 and B.4 have a single metric, the score of which is carried to the factor and mechanism levels.  The B-type metrics are integrated at the goal level either by taking the B.1 mechanism score or by using the mean of mechanism scores B.1–B.4, whichever yields a higher risk.  This approach recognizes that B.1 mechanisms are direct measures of deviations from natural conditions and should be weighted more than the remaining B metrics.  The overall population risk level is determined by using the lower score (highest risk) of either goal A or goal B.

 Table 2–1.  Scoring system for deriving a composite population-level spatial structure and diversity rating.  Metrics and descriptions in the "Assessed Risk" columns indicate contributions of individual metrics to integrated population score.  Scoring: Very Low = 2, Low = 1, Moderate = 0, High = -1.

	Goal:

Mechanism
	Factor
	Metrics
	Assessed Risk

	
	
	
	Factor
	Mechanism
	Goal
	Population

	Goal A:

1. Maintain natural distribution of spawning areas.
	a. number & spatial arrangement of spawning areas
	Number of MaSAs, distribution of MaSAs, and quantity of habitat outside MaSAs.
	A.1.a
	Mean of A.1.a., A.1.b, and A.1.c.
	Mean of A.1.a., A.1.b, and A.1.c.
	Lowest score (highest risk)

	
	b. Spatial extent or range of population
	Proportion of historical range occupied and presence/absence of spawners in MaSAs
	A.1.b
	
	
	

	
	c. Increase or decrease gaps or continuities between spawning areas
	Change in occupancy of MaSAs that affects connectivity within the population.
	A.1.c
	
	
	

	Goal B:

1. Maintain natural patterns of phenotypic and genotypic expression.
	a. Major life history strategies
	Distribution of major life history expression within a population
	B.1.a
	Lowest score (highest risk)
	B1 Mech. score or mean of B.1, B.2, B.3, and B.4, whichever is lower (higher risk)
	

	
	b. Phenotypic variation
	Reduction in variability of traits, shift in mean value of trait, loss of traits.
	B.1.b
	
	
	

	
	c. Genetic variation
	Analysis addressing within and between-population genetic variation.
	B.1.c
	
	
	

	Goal B:

2. Maintain natural patterns of gene flow.
	a. Spawner composition
	Proportion of natural spawners that are out-of-ESU spawners.
	If two metrics rated as moderate, then high risk; otherwise lowest score (highest risk)
	If two metrics rated as moderate, then high risk; otherwise lowest score (highest risk)
	
	

	
	
	Proportion of natural spawners that are out-of-MPG spawners.
	
	
	
	

	
	
	Proportion of hatchery-origin natural spawners derived from a within-MPG brood stock program, or within -population (not best practices) program.
	
	
	
	

	
	
	Proportion of hatchery-origin natural spawners derived from a local (within population) brood stock program using best practices.
	
	
	
	

	Goal B:    

3. Maintain occupancy in a natural variety of available habitat types.
	a. Distribution of population across habitat types
	Change in occupancy across ecoregion types.
	B.3.a
	B.3.a
	
	

	Goal B:

4. Maintain integrity of natural systems.
	a. Selective change in natural processes or impacts
	Ongoing anthropogenic activities inducing selective mortality or habitat change within or out of population boundary.
	B.4.a
	B.4.a
	
	


Integrated Population Risk Assessment

We integrate all four VSP parameters using a simple matrix approach as a framework (Figure 2–4).  We base our ratings of the overall status of each population on two composite metrics.  The A/P metric combines the abundance and productivity VSP criteria (McElhany et al. 2000) using a viability curve.  The second composite metric (SS/D) integrates across twelve measures of spatial structure and diversity.  Determining if the remaining populations in an MPG are satisfying the maintained criteria requires additional considerations described below.

Viable and Highly Viable populations are rated directly as specific combinations of A/P and SS/D risk ratings (Figure 2–4).  The composite A/P and SS/D metrics are expressed relative to a 5% risk of extinction within 100 years.  Populations with a very low A/P rating and at least a low SS/D rating are considered to be Highly Viable.  Populations rated at moderate or high risk for A/P or high risk for SS/D have a risk of extinction greater than 5% and are not considered Viable.  Although SS/D status is more difficult to quantify, populations rated at high risk against our composite SS/D criteria are not consistent with long-term persistence and viability.  
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Figure 2–4.  Matrix of possible abundance/productivity (A/P) and spatial structure/diversity (SS/D) scores for application at the population level.  Percentages for A/P scores represent the probability of extinction over a 100-year time period.  Viability Key: HV – Highly Viable; V – Viable; M –Maintained; HR – High Risk.  Shade of cells indicates risk level (darker cells are at greater risk).

The ICTRT criteria require a minimum number of populations within an MPG at or above Viable status, with additional populations within the MPG maintained at sufficient levels to provide for ecological functions and to preserve options for ESU/DPS recovery.  

2.1.3   Population-Specific Datasets

In 2003 the West Coast Salmon Biological Review Team (NWFSC and SWFSC) compiled coast-wide status reviews of listed salmon and steelhead ESUs/DPSs.  The trend analyses for Interior Columbia basin Chinook salmon and steelhead used in that report generally extended through return year 2001.  Updated trend datasets (generally through 2002 or 2003) were compiled for use by the ICTRT in developing viability criteria, conducting current status reviews and calculating abundance and productivity “gaps”.  Each population status summary in this volume includes a description of the methods used to generate annual estimates of population abundance, age structure and hatchery contribution.  The current A/P risk ratings for each population are based on the most recent 20 brood years (when available); tables summarizing adult spawner and return data (including age structure) are provided at the end of each population assessment section.  

Annual estimates of the fraction of natural-origin and age composition are also included where available.  In many cases, sampling levels are not sufficient for generating annual estimates of age composition.  In those instances entries in the annual age composition columns are an overall average applicable to the area, not a specific estimate from sampling for a particular year. 

Table 2–2.  Summary of methods used in generating population-specific abundance/productivity datasets for Snake River spring/summer Chinook salmon ESU. 

	Snake River Spr/Sum Chinook

MPG / Population
	Annual Spawner Abundance
	Age Composition
	Hatchery-Origin/ Natural-Origin

	
	Recent Years
	Earlier Years
	
	

	Lower Snake MPG

Tucannon R.

Asotin Cr.

	1986-2006: Weekly redd surveys across the section of mainstem Tucannon used for spawning by spring Chinook (rkm34-84).  Low numbers of redds in some years below rkm34 assumed to be from out-of-basin straying not included in totals.  Ratio of fish counted over weir (adj. for estimated pre-spawn mortality) to redds above weir used to expand total redd counts to total spawner abundance.
	1985, 1987-1989: Ratios used to expand total redds in years where some reaches were not surveyed.  
	1985-2006: Scale analyses of natural-origin fish taken for broodstock and from carcass sampling on the spawning grounds. 
 
	Hatchery contributions based on broodstock and natural spawning area carcass sampling (fin clips and CWTs).  

	Grande Ronde/ Imnaha MPG
Wenaha R.

Lostine/Wallowa R. 

Minam R.

Upper Grande Ronde R. 
Catherine Cr.
Imnaha R.
Lookingglass Cr.
Big Sheep Cr.  


	1996-present: Two complete area surveys per spawning season (North Fork not surveyed every year).  1987-95 single pass surveys across entire spawning areas.  Expanded using average total to initial pass ratios from 1996-present (11% expansion).  Assumed 3.2 fish per redd (Imnaha estimate).  

1997-present: Lostine component abundance based on weir count, multiple pass redd counts, mark-recapture accounting for estimated pre-spawn mortality.  Wallowa and Hurricane Creek based on multiple pass index counts covering known spawning areas.  Average of 3.2 fish per redd (Imnaha estimate) assumed to apply. 

1996-2005: Single pass redd surveys expanded using average ratio of total to initial pass for years with supplemental surveys.  Assumed 3.2 fish per redd (Imnaha estimate) applied. 

1998-present: Weir counts and mark-recapture results used to estimate total escapement above weir.  Adjustment for pre-spawn mortality based on un-spawned (>50% of eggs retained) to spawned female carcass ratios.  The no. of spawners below the weir is estimated based on redd counts multiplied by the spawner per redd ratio derived for the area above the weir. 
1998-present: Weir counts and mark-recapture results used to estimate total escapement above weir.  Spawning below the weir is considered negligible. Adjustment for pre-spawn mortality based on unspawned (>50% of eggs retained) to spawned female carcass ratios. 

1986-present: Expansions from redd surveys augmented by weir counts.  1986-1996 single pass surveys. 1997-present 3 passes through entire spawning area below Blue Hole.  Fish per redd estimate based on mark-recapture above weir, adjusted for pre-spawning mortality.  Same fish per redd applied to redds below weir. 

No estimates.  Assumed extirpated.
Assumed functionally extirpated.

	1949-1986: Single pass surveys in index areas.  Expanded using initial pass rations from 1996-present.  

1949-: Single pass surveys in index areas.  Expanded using initial pass rations from 1996 to present.  

1954-1995: Applied average ratio of total area/time to initial index area counts (1996-2005) to expand from single pass index counts.  Separate estimates for Little Minam.
1986-1994: index plus extensive area redd surveys, supplemental temporal surveys.  1964-1993 (&1995) variable area/times for surveys.  Used regression based expansion factors. 

1986-2005:  Single pass surveys over entire spawning area.  Expanded by avg. temporal factor from multiple survey years.  Applied avg. spawner/redd (2.23) from 1998-2005.  

1949-1986:  Single pass surveys expanded using average 1985-2005 time/area ratios.  

No estimates.  Assumed extirpated.
	2001-present.  Based on length frequencies in carcass sampling (natural-origin).  Used length-at-age developed from 1987-2000 sampling.  Prior years used scale analysis of carcasses if more than 20 sampled; Wenaha average for other years if less than 20 carcasses sampled. 

Age structure based on natural-origin carcass sampling (scale analysis and length-age relationships).

2001-present: Age structure based on length frequency analysis of carcasses (natural-origin).  If <20 sampled, used aggregate sample for all Grande Ronde populations.  Scale samples for years prior to 2001.   
1997-2005: Sampling natural-origin returns at weir, scale or length-at-age analyses.  Prior to 1997 based on carcass sampling of natural-origin returns.
Age structure based on natural-origin carcass sampling (primarily length-age relationships, scale analyses if available).  If <20 carcasses, used Grande Ronde aggregate sample results. 

1982-2005: based on scale analysis of natural-origin returns to weir (n>20).  1949-1981 carcass recoveries.  Average used if insufficient number of carcasses surveyed in any year. 

No estimates.  Assumed extirpated.
	Observed fin clips/CWTs in carcass sampling. Prior to 1995, used discriminant analysis of scale patterns.  

1987-present: hatchery contributions based on carcass sampling (fin clips and CWTs).

Hatchery contributions based on carcass sampling (fin clips and CWTs).

1998-2005: Proportion of fish at weir with fin clip.  Prior to 1998, proportion of CWTs or discriminant scale analyses applied to carcass samples.

1998-present: CWT or fin clips from carcass surveys.  1986-94, discriminant scale analyses and observed CWT/fin clips from carcass surveys.  Prior to 1986, hatchery contributions assumed negligible (no releases in basin). 

Prior to 1985, assumed no hatchery contributions.  1985-present, presence of fin clips/CWTs in weir returns, carcass sampling. 

No estimates.  Assumed extirpated.

	South Fork Salmon MPG

South Fork Salmon R.

Secesh R.

East Fork South Fork Salmon R.

Little Salmon R.

	1957-2001: Expansions from sum of redds counted in IDFG index areas NS26,27,28 & 29 expanded to total adults using average fish per redd from Beamesderfer et al. 1997 (2.31).  

1998-2005: Didson sonar counts 30 km upstream of confluence reduced 10% to account for pre-spawn mortality, increased by 5% (average proportion of spawning downstream of weir based on 1957-1962 IDFG redd counts). 

1998, 2000-2005: Based on weir count (rkm 8.2) and redd count data.  Spawners above weir from weir count reduced to account for pre-spawn mortality.  Expanded to include spawning below weir based on ratio of redd counts above/below weir.  Cautionary note, some indication redd counts underestimate no. of spawners in highest return years.  

Assumed functionally extirpated - dominated by large scale hatchery returns.  
	1957-1997: Expansions from IDFG single pass redd counts in mainstem and Lake Creek index areas.  In years with incomplete spatial surveys, expanded using avg. ratios from years with complete surveys.  Applied avg. ratio of spawners/redds from recent years (1.81). 

1957-1997, 1999: Single pass redd counts in IDFG area NS30 expanded by average ratio of total redds to NS 30 redds from years with full area surveys (1.11).  


	1960-2001: Age structure based on natural-origin carcass sampling in Poverty Flat reach (primarily length-age relationships, scale analyses if available).  If <20 carcasses, used Poverty/Johnson/Secesh River aggregate sample results. 

1960-2001: Age structure based on natural-origin carcass sampling in Secesh/Lake Creek (primarily length-age relationships, scale analyses if available).  If <20 carcasses, used Poverty/Johnson/Secesh River aggregate sample results. 

1960-2001: Age structure based on natural-origin carcass sampling in Johnson Creek (primarily length-age relationships, scale analyses if available).  If <20 carcasses, used Poverty/Johnson/Secesh River aggregate sample results. 


	Carcass survey results aggregated by section (above the weir, immediately below the weir and the lower river) applied to the expanded number of adults for the corresponding index area.   Estimates hatchery fish released above the weir reconstructed from IDFG hatchery records. 
Hatchery/wild composition based on ad-clips detected in carcass survey samples. 

2001-present, based on observed mark to unmarked ratios at weir (Nez Perce tribal fishery sampling), 1960-2000 IDFG carcass sampling in Johnson Creek. 

	Middle Fork Salmon MPG

Chamberlain Cr.

Big Cr.

Lower Middle Fork Salmon R. Mainstem

Camas Cr.

Loon Cr.

Upper Middle Fork Salmon R. Mainstem

Sulphur Cr.

Bear Valley Cr.

Marsh Cr.

	General: Annual estimates based on IDFG single pass index redd surveys.  Descriptions of population-specific relative proportion of habitat surveyed and details of expansion methods summarized below.  

Index areas in mainstem, usage above and below index areas (IDFG 1a, WS1).  16% of IP habitat surveyed.  Expansion = 6.29 X 1.82 fish per redd =11.45.  Missing years: 1986, 1991, 2000.  

Expanded from IDFG index area (WS13) counts using average ratio to R. Thurow (USFS) multi-pass estimates (1995-2004).  Index areas cover 50% of IP spawning habitat.  Expansion Factor of 2.71.

No IDFG index surveys.  R. Thurow (USFS) multi-pass estimates available for 2005-2004. 

Expanded from IDFG index area WS8 counts using average ratio to R. Thurow (USFS) multi-pass estimates (1995-2004).  Index areas cover 25% of IP spawning habitat.  Expansion Factor of 1.72.

Expanded from IDFG index area    counts using average ratio to R. Thurow (USFS) multi-pass estimates (1995-2004).  Index areas cover 41% of IP spawning habitat.  Expansion Factor of 1.41.

No IDFG index surveys.  R. Thurow (USFS) multi-pass estimates available for 1995-2004. 

Expanded from sum of IDFG index area counts (WS12 & OS4) using average ratio to R. Thurow (USFS) multi-pass estimates (1995-2004).  Index areas cover 42% of IP spawning habitat.  Expansion Factor of 1.19.

Expanded from the annual sum of IDFG index area counts (WS 9, 10&11) using average ratio to R. Thurow (USFS) multi-pass estimates (1995-2004).  Index areas cover 79% of IP spawning habitat.  Expansion Factor of 1.58.

Expanded from annual sums of IDFG index area counts (WS2, 3, 4 &5) using average ratio to R. Thurow (USFS) multi-pass estimates (1995-2004).  Index areas cover 82% of IP spawning habitat.  Expansion Factor of 1.43.
	
	Assigned age based on sample carcass lengths, general length by age distributions from aggregate Middle Fork Salmon River sampling. 

No estimates available

Direct samples >20 carcasses for 2 of 14 recent years; applied Middle Fork aggregate to other years.

No estimates available
No estimates available

No estimates available

No estimates available

Direct samples >20 carcasses for 3 of 14 recent years; applied Middle Fork aggregate to other years.

Direct samples >20 carcasses for 7 of 14 recent years; applied Middle Fork aggregate to other years.

Direct samples >20 carcasses for 7 of 14 recent years; applied Middle Fork aggregate to other years.
	Carcass surveys generally defer to Middle Fork composites.  No hatchery fish observed in Middle Fork samples in most years. 

See general comment for Middle Fork MPG.

See general comment for Middle Fork MPG.

See general comment for Middle Fork MPG.

See general comment for Middle Fork MPG.

See general comment for Middle Fork MPG.

See general comment for Middle Fork MPG.

See general comment for Middle Fork MPG.

See general comment for Middle Fork MPG.

See general comment for Middle Fork MPG.

	Upper Salmon MPG

North Fork Salmon R.

Lemhi R.

Pahsimeroi R.
Upper Salmon R. Lower Mainstem

East Fork Salmon R. 

Yankee Fork Salmon R.

Valley Cr.

Upper Salmon R. Mainstem
Panther Creek
	Insufficient data for abundance estimates.  IDFG redd counts available for index areas are variable across years.

Expansions from annual index redd counts (IDFG areas 9&10). 1958-2003 available.  Assumed redd surveys covered full spawning area (corroborated by weir counts 1960-1975) and 2 fish per redd (used average carcass sample sex ratios). 

1969- :  Counts of fish passed over weir at river mile 1.0.  
1957-2005: Expansions from single pass redd surveys (IDFG index reaches NS17  to 23) covers mainstem Salmon River from Lemhi confluence to Redfish Lake Cr. confluence.
1991-2005: Expansions from single pass redd surveys (IDFG index reaches 1a, 1b, 2a, 2b and Herd Creek).  Applied 2.2 fish per redd (Beamesderfer et al 1997).

1961-2003: Expansions from single pass redd surveys in index areas representing three geographic areas: West Fork (IDFG index areas NS7&NS8); mainstem below Jordan Cr. (NS6); and above Jordan Cr. (NS5).  Applied Middle Fork average fish per redd (1.82).
1961 -2003: Expansions from single pass redd surveys (IDFG index areas NS4, NS3-a&b).  Index areas represent 67% of total accessible IP habitat.  Applied as area expansion.  Used Middle Fork average fish per redd of 1.82 to translate from total redds to total abundance.
Expansions from IDFG single pass index survey - 11 index reaches. Expanded from index to total area count using IP habitat. Lower Mainstem (IDFG 15&16, area exp.=1.27); Alturas Lake Cr. (IDFG NS12, OS1, 2, 3, area exp.=1.31); upper mainstem & tribs (IDFG 15c, area exp.=2.72).  Applied Middle Fork avg. fish/ redd (1.82) to translate total redds to abundance.
Extirpated – no current surveys
	1984-1990: no redd surveys above hatchery weir; used estimates of fish released above weir added to expanded redd counts for remaining areas.  1957-1983 variable index reaches surveyed, used average proportions from full survey years to expand to total area. 


	Lemhi R. carcass samples 1960-1975, average for other years. 
Scale readings from fish collected at weir. 

No systematic carcass sampling in this population.  Applied Upper Salmon aggregate. 
No consistent sampling within population.  Applied avg. natural-origin age comp. (1999-2005) across samples from Valley Cr., Upper Salmon & Yankee Fork.
No consistent sampling within population.  Applied avg. natural-origin age comp. (1999-2005) across samples from Valley Cr., Upper Salmon & Yankee Fork.
Length frequencies from carcass sampling, length-at-age from aggregate Salmon River (?) samples. Applied 1960-1997 avg. when sample size <20. 

1985 present: Length-at-age analysis of natural origin fish sampled at Sawtooth weir. 

	Estimated from sampling of fish collected at weir in most years.  Extrapolated from releases levels in some years.

No systematic carcass sampling. IDFG assumes negligible hatchery spawners in this reach. 
1984-1993. Based on IDFG records of hatchery/natural-origin releases over weir.  Hatchery releases (and weir operations) ceased with 1993 brood.  Hatchery returns for 1994-1998 estimated based on brood year return rates.

Assumed 100% natural origin based on lack of mark recoveries in IDFG carcass sampling. 

Assumed 100% natural origin based on lack of mark recoveries in IDFG carcass sampling. 
1996-2005:  All returning hatchery fish marked. Ratios based on observed returns to weir.  1981-95: IDFG reconstructions from hatchery records of the number of marked and unmarked fish passed over the Sawtooth weir. 



Table 2–3.  Summary of methods used in generating population-specific abundance/productivity datasets for the Snake River steelhead DPS. 

	Snake River Steelhead

MPG / Population
	Annual Spawner Abundance
	Age Composition
	Hatchery-Origin/ Natural-Origin

	
	Recent Years
	Earlier Years
	
	

	Lower Snake MPG

Tucannon R.

Asotin Cr.

	No annual adult abundance estimates are available for these populations. 
	No annual adult abundance estimates are available for these populations.
	No annual adult abundance estimates are available for these populations.
	No annual adult abundance estimates are available for these populations.

	Grande Ronde MPG
Joseph Creek
Wenaha R.
Wallowa R. 
Upper Grande Ronde R.

	1967-2005: Expansions based on annual redd counts from 10 index areas that have been consistently sampled on an annual basis.  Counts expanded by ratio of intrinsic potential within index areas to total within MASAs, summed over the population and multiplied by 2.1 fish per redd (ODFW Deer Creek study results). 

Insufficient samples to do population estimates

Insufficient samples to do full annual population abundance assessments.  

1967-2005: Expansions based on annual redd counts from 4 index areas that have been consistently sampled on an annual basis.  Counts expanded by ratio of intrinsic potential within index areas to total by MASAs and adjusted based on recent weir count to esc. ratio above Lookingglass weir., summed over the population and multiplied by 2.1 fish per redd (ODFW Deer Creek study results). 
	
	Annual escapement estimates were assigned to age classes based on average age structure of natural-origin adults that returned to Deer Creek (Grande Ronde River basin) from 1999 through 2004.  

Annual escapement estimates were assigned to age classes based on average age structure of natural-origin adults that returned to Deer Creek (Grande Ronde River basin) from 1999 through 2004.  

1999-2003: Annual age composition generated by averaging across sample estimates from weirs on Catherine Cr, Lookingglass Cr and Upper Grande Ronde mainstem.  Scale samples (2002/2003), length/age key other years.  Average across 199-2003 applied to prior years. 

	No direct releases into population.  Assumed straying from out of basin programs has been negligible based on lack of observed hatchery fish in field sampling. 

1994 to present: No direct stream releases.  Assumed straying into MASA natural production areas from on-station release programs has been negligible based on lack of observed hatchery fish in field sampling. 

Estimated hatchery contribution by applying estimated smolt to adult return rates to brood year release numbers into natural production areas in Upper Grande Ronde.  Assumed straying from out of basin programs has been negligible based on lack of observed hatchery fish in field sampling.

	Imnaha MPG
Clearwater MPG

Lochsa R.

	No direct estimates of abundance for individual populations.  Aggregate estimates of hatchery and natural-origin steelhead returns over the uppermost Lower Snake River dam are available starting with the 1964 return.   A-run and B-run natural returns to Lower Granite Dam available beginning with the 1985 return year (U.S. v. Oregon Technical Advisory Committee.) The IDFG Juvenile density estimates available for 1985 to present.

Weir counts available for Fish Creek (tributary within Lochsa River population) for 1992-2004 ( Byrne 2005)
	
	Population-specific estimates not available.  Separate aggregate age composition estimates for A-run and B-run based on Lower Granite sampling (Yuen & Sharma 2005).
	Population-specific estimates not available for most populations. Aggregate estimates of hatchery and natural-origin returns to Lower Granite available beginning with the 1964 returns. A substantial proportion of hatchery returns to Lower Granite Dam accounted for by hatchery rack returns or harvest above Lower Granite Dam. 



	Salmon River MPG

Little Salmon R.
Pahsimeroi R.
East Fork Salmon R.
	No direct estimates of abundance for individual populations.  Aggregate estimates of hatchery and natural-origin steelhead returns over the uppermost Lower Snake River dam are available starting with the 1964 return.  A-run and B-run natural returns to Lower Granite Dam available beginning with the 1985 return year (U.S. v. Oregon Technical Advisory Committee).  The IDFG Juvenile density estimates available for 1985 to present.

 Weir counts available for Rapid River (tributary within Little Salmon River population)

Separate estimates of the number of natural and hatchery-origin steelhead passed above the Pahsimeroi weir(located approx. 1 mile upstream of mouth) are available beginning with the 1986 returns (IDFG)

Weir counts available for upstream portion of East Fork Salmon River population from 1986 to present

	
	Population-specific estimates not available.  Separate aggregate age composition estimates for A-run and B-run based on Lower Granite sampling (Yuen & Sharma 2005).

Age assignments based on length frequency distributions of fish passed over weir.

Age assignments based on length frequency distributions of fish passed over weir. 

Age assignments based on length frequency distributions of fish passed over weir.
	Population-specific estimates not available for most populations. Aggregate estimates of hatchery and natural-origin returns to Lower Granite Dam available beginning with the 1964 returns. A substantial proportion of hatchery returns to LGR accounted for by hatchery rack returns or harvest above LGR. 

Ratio of separate counts of hatchery and natural-origin steelhead passed above weir. 
Ratio of separate counts of hatchery and natural-origin steelhead passed above weir.

Ratio of separate counts of hatchery and natural-origin steelhead passed above weir.

	Hells Canyon Tributaries MPG
	No population-specific abundance estimates available
	No population-specific abundance estimates available
	No population-specific estimates available.  Assigned as an A-run population. 
	No population-specific estimates available. 


2.2:  Monitoring & Evaluation – Opportunities for Improvements

The recovery plan development efforts currently underway provide an opportunity to identify a framework for ensuring that the information required for status updates is efficiently collected and synthesized.  We identify opportunities for generating improved data for use in future population status assessments in the following discussion.     

2.2.1   Supporting Future Status Updates

The status assessments compiled in this document are based on currently available data at the population and ESU/DPS levels.  The data used in evaluating a particular population against the ICTRT viability criteria were synthesized from a number of sources.  Some of the required data are directly available from ongoing monitoring efforts.  In most cases however, the information needed to assess a population against a particular criteria is derived or synthesized from data generated by one or more sampling processes.   

For the current status reviews, the synthesis and evaluation of relevant information was accomplished though a cooperative effort involving regional experts from fisheries agencies (state, tribal and federal).  In most cases, generating the synthesized annual estimates used in the assessments requires considerable staff effort.  Compiling that information in an efficient manner in support of future assessments will require continued dedicated staff support for the entities responsible for collecting and assembling key information.  The information used and the procedures for synthesizing information are documented in each population assessment section provided below.  At present, there is no dedicated staff assigned or any specific plans to assemble the key information for updating the status reviews for many of the interior Columbia River populations.     

2.2.2   Opportunities for Improvement

In several cases, the required information for assessing a particular population was either missing or subject to a high level of uncertainty due to sampling issues, etc.  The ICTRT has previously reviewed the information available for conducting status reviews (ICTRT 2007a) and identified a set of specific topic areas where additional information or improvements to the current monitoring programs could lead to substantial reduction in uncertainty in future status reviews.  The specific priorities identified in that report include a number of topics directly applicable to the Snake River ESUs and DPS:

· Annual estimates of the number of spawners by population for Chinook salmon, steelhead and sockeye

· Population-level estimates of hatchery proportions in natural spawning areas

· Within population spawner distributions (by hatchery and natural-origin)

· Representative estimates of juvenile production and SAR rates

· Genetics baseline information in high priority situations

· Phenotypic and life history strategy evaluations, habitat indicators

· Information support for assessment of selective mortality effects

Based on these general recommendations and our experience compiling the current status reviews included in this report, we developed a summary of opportunities for improving future focus on the first three priorities listed above.  We also provide a brief overview of opportunities with respect to the remaining priority topics listed above.  This overview, along with more detailed sampling reviews recently developed by regional managers (Marmorek 2007) and the monitoring/evaluation recommendations being developed as part of regional recovery planning efforts, provides a technical basis for improving the ability to routinely assess status and trends.  
General Opportunities

The ICTRT Viability report identifies obtaining representative estimates of SAR rates as a high priority for all ESUs and DPSs.  Estimates of SAR combined with adult abundance series allow for more accurate accounting of year-to-year variation in survival rates when evaluating abundance and productivity at the population level.  In addition, smolt production series provide a more direct means of assessing response to habitat restoration strategies or trends in production at the tributary level.  Developing SAR series that are representative of Snake River populations (at least at the MPG level) for Chinook salmon and steelhead should be considered as part of an improved monitoring and evaluation program.  

The ICTRT Viability report also identifies a priority for improved salmon and steelhead genetics information for Snake River populations, specifically to evaluate the level of variation or differentiation among and within populations.  In some cases, genetic follow-up surveys would provide a means of evaluating progress toward restoring a natural pattern of genetic structure within populations currently identified as “at risk” relative to diversity criteria.  Genetic monitoring should employ common markers and procedures included in the SPAN protocols in order to standardize methods across studies and to facilitate comparative analyses across populations. 

Population-specific information on current vs. historical phenotypic characteristics or major life history patterns is difficult to obtain through routine sampling.  The ability to assess population-level diversity could be improved using results from studies in selected areas that allow for evaluating the relationship between general habitat characteristics and life history/phenotypic diversity.

Snake River Spring/Summer Chinook Salmon ESU

We were able to generate spawning abundance estimates for almost all of the extant Snake River spring/summer Chinook salmon populations.  In most cases, the estimates are based on expansions from redd survey data, occasionally augmented by weir count information.  In some cases, the datasets available for particular populations were too short to allow derivation of population productivity levels.  Maintaining or expanding annual data collection efforts in those specific instances would improve future assessments (see specific MPG sections below).  The primary opportunities for improving future assessments for this ESU involve enhancing carcass and weir recovery efforts to obtain quantitative information on the relative distribution of hatchery-origin returns in natural spawning areas, collecting representative samples of annual age distributions at the population or MPG level and maintaining or establishing population or MPG-specific indices of smolt-to-adult survival rates (SARs).  
Lower Snake River MPG
The Lower Snake River MPG historically included two populations – the Tucannon River and Asotin Creek (currently classified as functionally extirpated).  Annual estimates of spawners in the Tucannon River are generated by the Washington Department of Fish and Wildlife (WDFW) based on redd surveys combined with data collected at an adult weir.  Juvenile smolt out-migration estimates are also generated by the program.  Maintaining consistent monitoring efforts in these programs will support future status assessments, including the development of a representative SAR series.  The ICTRT classified the Asotin Creek natural spring Chinook salmon population as functionally extirpated based on information provided by the WDFW; recent smolt sampling efforts have identified a consistently low out-migration of spring Chinook salmon smolts from the basin.  Additional information on the level of current production (including general distribution within the population) and the parentage of Asotin Creek out-migrants (e.g., relative production from hatchery strays, origin of spawners, parr or smolts per spawner) would enhance future assessments of the Lower Snake River MPG.  
Grande Ronde/Imnaha Rivers MPG   
Annual estimates of basic population measures (spawner abundance, age structure, hatchery/natural run composition) are generated from spawning ground surveys and, in some cases, weir counts.  In recent years, redd surveys for populations within this MPG have covered most of the accessible spawning habitat with a combination of index area and supplemental surveys (relatively low proportional expansions for area).  Survey reaches are generally visited multiple times during a spawning season.  Age and hatchery contributions have been based on protocols that emphasize representative sampling at the population level.  Maintaining these programs and ensuring that carcass sampling is conducted in a manner that allows for evaluation at the major spawning area (MaSA) level within populations would be high priorities for informing future status assessments within this MPG.  In addition, time series of annual estimates of smolt production and SAR rates have been generated for a number of populations or major watersheds within populations in this MPG.  Continuing those series would contribute to improved future status assessments and could also inform efforts to evaluate the impacts of recovery actions on production.  
South Fork Salmon River MPG
Annual abundance estimates for the three populations in this MPG are generated based on annual index area redd surveys combined with information from weir counts.  In recent years, population-specific estimates of annual abundance, age structure, and hatchery/natural proportions have been generated based on information from a combination of the Idaho Department of Fish and Game (IDFG) and Nez Perce Fisheries sampling programs.  Assuming the current programs continue, there are some specific opportunities for reducing uncertainties in future status evaluations.  Spawning in the South Fork Salmon River mainstem population is distributed across three major reaches along the mainstem and hatchery fish are released toward the upper end of the drainage.  Age composition and relative hatchery contributions to natural production in the population depend upon representative sampling across the three production areas.  Maintaining and improving coordinated collection of carcass samples in each of the major natural spawning reaches will reduce key uncertainties associated with estimating natural productivity for this population.  The majority of spawning in the East Fork South Fork Salmon River and Johnson Creek drainage is concentrated in a relatively small area.  Comparisons of alternative approaches to estimating abundance indicate that expansions from redd counts may substantially underestimate escapements in some high return years.  Adjusting the sampling program to address this potential bias would improve the ability to accurately assess population performance in future assessments. 
Middle Fork Salmon River MPG


Annual abundance estimates for most spring Chinook salmon populations in the Middle Fork Salmon River MPG are based on annual IDFG single pass index redd surveys expanded to reflect comparative results for recent years from more extensive, multiple pass surveys coordinated by U.S. Forest Service (USFS) researchers.  For the two mainstem Middle Fork Salmon River populations, the USFS surveys are the only direct sources of annual abundance estimates.  The historical redd index count series for Chamberlain Creek is relatively short with some missing values.  Assuming the combination of annual index counts by the IDFG and USFS effort continues, ensuring routine assessments covering sufficient spawning areas in Chamberlain Creek is the primary opportunity for improving annual abundance estimates in this MPG.  Annual estimates of age structure and hatchery fractions based on carcass sampling are key elements of estimating population-specific productivities.  Hatchery spawners have comprised a very small fraction of the total spawners.  Achieving the general objective of sampling a minimum of 20 carcasses within a population should reduce the impacts of sampling uncertainty on estimates of population productivities.  
Upper Salmon River MPG

Annual abundance estimates for populations in the Upper Salmon River MPG are based on redd survey expansions, weir counts or combinations of the two methods.  In recent years, population-specific estimates of age structure and hatchery/natural proportions have been generated for some populations based on information from carcass sampling.  Assuming the current programs continue, there are some specific opportunities for reducing uncertainties in future status evaluations.  Carcass sampling has not been routinely conducted in the lower Salmon River mainstem, the Yankee Fork or North Fork populations.  Spawning in the upper Salmon River mainstem population is distributed across two major reaches along the mainstem above and below the Sawtooth Hatchery weir where hatchery smolts are released.  Age composition and relative hatchery contributions to natural production in the population depend upon representative sampling across the three production areas.  Maintaining and improving coordinated collection of carcass samples in each of the major natural spawning reaches will reduce key uncertainties associated with estimating natural productivity for these populations.   

Snake River Steelhead DPS

At the present time, specific estimates of total abundance are available for only 2 of the 18 extant steelhead populations in this DPS.  Counts of hatchery and natural returns over Lower Granite Dam allow for annual estimates of abundance for the aggregate abundance for the DPS (excluding the two Lower Snake River populations).  Juvenile survey-based trend indices are available for some of the populations.  Approaches for estimating the allocation to population or MaSA-specific abundance of returns over Lower Granite Dam are being explored.  Implementing an approach that would generate estimates of annual abundance to the MPG or population level would substantially reduce uncertainties regarding population viability within the Snake River steelhead DPS.
Lower Snake River MPG

The Lower Snake River MPG consists of two tributary populations, one of which (the Tucannon River) is below Lower Granite Dam.  As a result, adult returns to this system are not accounted for in the aggregate run estimates to Lower Granite Dam.  Population-specific estimates of the annual number of spawners in the Tucannon River and Asotin Creek populations are not available.  Results from limited index area surveys and counts at two weir sites are available for some years in the Tucannon River.  However, the relationship between these partial counts and the total returns to the system are not known.  As with most interior Columbia River steelhead populations, obtaining representative redd counts in years of high flow is often a problem – the WDFW was unable to obtain representative data in 4 of the last 18 years in the Tucannon River system due to environmental conditions (Rawding 2007).  Index redd counts and smolt out-migrant monitoring covering a substantial portion of the Asotin Creek drainage have been conducted in recent years and there are indications that steelhead production may be at the high end of the range estimated for Snake River populations.  Currently, it is not possible to directly assess abundance and productivity of either population in the Lower Snake River MPG.  Opportunities for improving estimates of annual abundance based on expanded redd counts have been generally identified (Rawding 2007; Mayer et al. 2006).  Approaches that combine adult and juvenile data may provide a means of addressing problems in obtaining direct measures of abundance under extreme flow conditions. 

Hatchery releases of steelhead are made annually in the Tucannon River drainage.  Estimates of relative contributions of hatchery fish to spawning in natural production areas within the Tucannon River drainage are not currently available.  Instituting a sampling program to monitor the proportions of hatchery vs. natural-origin steelhead spawning in natural production areas and the relative distributions across spawning areas within the population would improve future assessments of abundance and productivity.   

In recent years, estimates of the total natural-origin smolt out-migration from each of the two systems have been generated based on smolt trap sampling in the lower mainstems.  If these sampling programs are continued, they will provide important opportunities to monitor trends in overall steelhead production at the population level.  Additionally, it may be possible to generate annual SAR estimates if methods for quantifying adult returns (either direct abundance estimates or representative indices) are developed.  Developing a SAR series specifically for the Tucannon River drainage would reduce uncertainties associated with applying the existing Lower Granite aggregate steelhead SAR.  Given that the Tucannon River enters below both Lower Granite Dam and Little Goose Dam, a lower fraction of out-migrants from the Tucannon River are collected for transport (smolts pass only one collector dam rather than three) and in-river migrants experience a shorter overall in-river migration to the ocean, encountering six of the eight dams in the MPG.
Grande Ronde River MPG 

Only two of the four populations within this MPG, Joseph Creek and Upper Grande Ronde River, had sufficient data for generating annual series of total spawning abundances.  Index area redd counts for small segments of a third population (Wallowa River) were available, but the coverage was considered insufficient to expand to the population level.  No annual survey information has been collected for the fourth population in this MPG (Lower Grande Ronde River).  The available data do indicate that natural production from this MPG is relatively high in comparison to the higher elevation populations within the DPS.  We have generated statistics for a surrogate average A-run population by subtracting population-specific estimates from the aggregate return (natural-origin) counted over Lower Granite Dam, but application of this average to the Grande Ronde populations without direct estimates seems highly uncertain given the estimates for Joseph Creek and Upper Grande Ronde River.  Establishing representative sampling programs (e.g., based on probabilistic or stratified sampling designs) for the Lower Grande Ronde and Wallowa River populations would reduce uncertainties regarding the status of this MPG, and by inference, the up-river MPGs supporting A-run populations.  If breakout to the population level for Grande Ronde River production turns out to be feasible based on sampling at Lower Granite Dam runs, it may be possible to considerably reduce uncertainties regarding population-specific abundance and productivity using a smaller within-basin sampling effort.  

As with other MPGs, establishing one or more SAR series representative of natural production in populations within the Grande Ronde River MPG would also reduce uncertainty in average population productivity estimates.

Imnaha River MPG

Total spawning abundance estimates for the entire Imnaha River steelhead population have not been possible due to the extremely limited availability of survey data within the watershed.  As for the Lower Grande Ronde River population, the surrogate average population statistics generated by removing fish accounted for in the Joseph Creek and Upper Grande Ronde River populations (along with enumerated portions of the Wallowa River return) is likely not representative of the relatively low elevation Imnaha River.  Redd surveys have been limited to index area counts within Camp Creek, a tributary to the Imnaha River mainstem that contains a relatively small proportion of the potential spawning habitat for this population (<3%).  Opportunities for generating population-specific annual abundance estimates include expanding the systematic annual survey efforts following a probabilistic sampling design and/or generating estimates of Imnaha River-origin returns based on breakouts of the aggregate natural and hatchery runs over Lower Granite Dam (see above).  Hatchery-origin steelhead are planted in Big Sheep Creek, a major tributary within this population, and strays from this program have been observed spawning in the mainstem Imnaha River.  Determining the distribution of hatchery spawners relative to natural-origin spawners by geographic area within this population would address a key uncertainty in assessing the status of the Imnaha River population’s natural production (natural abundance, productivity and spawner composition viability criteria).   
Clearwater River and Salmon River MPGs

Direct estimates of adult steelhead spawner abundance are not available for any of the populations in the Clearwater River and Salmon River MPGs.  Natural and hatchery-origin returns originating from the Clearwater River drainage populations contribute to the aggregate annual return estimates over Lower Granite Dam.  Given the general difficulties associated with directly monitoring steelhead spawner abundance at the population level in high elevation tributaries, instituting sampling programs designed to allocate natural and hatchery-origin returns over Lower Granite Dam to finer geographic units would greatly enhance the ability to assess abundance and productivity within the MPG.  The IDFG is developing a genetics based sampling approach that has the potential to allocate natural steelhead returns over Lower Granite Dam to at least the MPG level, with resolution down to the population level in some instances.  Alternative methods based on data from PIT-tags or radio-tags may also be considered in determining the best approach for allocating the aggregate run to a finer scale.  Routine allocation of annual hatchery returns to region of origin based on genetics or tagging studies would complement these efforts. 

Large-scale hatchery releases of steelhead routinely occur in two of the Clearwater River steelhead population watersheds (Lower Clearwater River and South Fork Clearwater River).  In the Salmon River MPG, hatchery releases are associated with several of the populations in the upper section of the MPG and in the Little Salmon River; no direct releases occur in the Middle Fork or South Fork Salmon River drainages.  Obtaining information on the abundance and relative distribution of hatchery-origin spawners in natural spawning areas within the populations associated with large-scale hatchery release programs would allow for evaluating the potential impacts on natural production based on ICTRT diversity criteria and would reduce uncertainties associated with estimating population-specific productivity and trends. 

The Clearwater River and Salmon River MPGs both include populations classified in each of the two major adult summer steelhead life history categories (A-run and B-run).  Age structure for Clearwater River populations is based on very limited data; returns to the Fish Creek weir (section of the Selway River population) and inferences from aggregate sampling are used.  A similar situation exists for the populations in the Salmon River MPG—age structure information on natural returns is routinely available from weir based sampling of returns to a portion of a subset of populations.  Obtaining information to confirm assumptions regarding average age structure for each population or expanding routine sampling to get population-specific information would reduce uncertainties associated with estimating natural productivity at the population level. 

Since the early 1980s, the IDFG has routinely sampled juvenile O. mykiss abundance at a set of transects in the Clearwater and Salmon River drainages.  Although the sampling design of this program was not keyed to generate representative estimates at the population level, sample coverage in many populations covers the extent of known natural production areas.  We have included results from these assessments in our draft status reviews.  This ongoing program could be expanded to provide more coverage in populations with relatively few transects and adapted to generate more representative estimates.  The primary benefits to future population level assessments in Idaho populations would be to evaluations of spatial structure.  The information can also augment adult based estimates of relative abundance, trends and productivity.  

Snake River Fall Chinook Salmon ESU

Annual abundance estimates for the single extant Snake River fall Chinook salmon population are derived from dam counts at Lower Granite Dam, augmented by redd surveys in the lower Tucannon River which enters the mainstem Snake River downstream of Little Goose Dam.  Redd counts are used in evaluating the distribution of spawners among major spawning areas above Lower Granite Dam.  With the exception of sampling in the Clearwater River drainage, natural conditions and behavior have precluded routine carcass sampling to determine the relative distribution of hatchery and natural-origin returns across the spawning areas.  Natural production is supplemented by releases of Lyons Ferry Hatchery-origin juveniles in the Clearwater River and the Lower and Upper Snake River mainstem sections.  Some information on the relative distribution of the returns from specific acclimation sites has been generated through radio tagging of known-origin (PIT-tagged) adult returns.  Additional information on the relative distribution of hatchery and natural-origin returns among spawning areas would contribute to improved understanding of production dynamics, potential capacity limitations and future impacts on productivity associated with high levels of hatchery contributions. 

Historically, the predominant life history pattern for mainstem spawning Snake River fall Chinook salmon was a subyearling migration strategy—immigration from natal rearing reaches at a relatively small size coupled with rapid growth during downstream migration in the spring.  Recent sampling results indicate that a substantial portion of adult returns followed an alternative life history pattern: overwintering somewhere in the Columbia River system before entering the ocean.  Studies have indicated that production from the upper Snake River major spawning area is predominately subyearling.  Overall, the proportions exhibiting both life history forms have been relatively stable in recent years.  Routine monitoring for trends in the relative contributions from the alternative life history forms to total natural returns as well as to returns from production in specific major spawning areas will be necessary for future population status evaluations. 

Overall SAR rates of Snake River fall Chinook salmon are driven by downstream passage mortalities, transportation related survivals, and ocean survival patterns.  While there are general reasons to assume that passage/transport survivals have increased since the early 1990s (contributing to increased returns), the relative impacts of year-to-year variations in ocean survivals vs. in-river survival is not well understood.   Expanding existing sampling programs or adding components that would generate annual estimates of natural smolt production (accounting for alternative life history pathways) would reduce uncertainties associated with current viability analyses for Snake River fall Chinook salmon.  Complementing information on Snake River fall Chinook salmon SAR rates with SAR information from other fall Chinook salmon populations (e.g., Deschutes River, Hanford Reach) would increase understanding of the relative impacts of annual fluctuations in ocean/climate impacts vs. in-river survivals. 

Snake River Sockeye Salmon ESU

Since ESA listing in 1991, all returning anadromous adult sockeye salmon (16 wild fish), several hundred Redfish Lake wild out-migrating smolts, and several residual sockeye salmon adults have been captured and used to develop captive broodstocks at the IDFG Eagle Fish Hatchery and at NOAA Fisheries facilities in Washington State.  Adaptively managed, the program generates hatchery-produced eggs, juveniles, and adults for reintroduction to Stanley Basin waters.  In addition, emphasis is placed on the annual development of genetically diverse broodstocks.  From 1999 to 2007, the return (n=352) has been 100% hatchery-origin; in 2008, a total of 650 hatchery-origin sockeye returned to the Stanley Basin (M. Peterson, IDFG, personal communication).
Complete enumeration of adults and determination of natural or hatchery-origin and saltwater age are accomplished at two weirs in the Stanley Basin, on Redfish Lake Creek and at Sawtooth Hatchery.  Smolts are trapped at tributary screw traps on the upper Salmon River, Redfish Lake Creek and Alturas Lake Creek to estimate total smolt yields, and small numbers of smolts are PIT-tagged. However, PIT-tagged sockeye smolts have experienced different passage routing at the dams than the untagged run-at-large, and the resulting SARs are not representative.  Assuming the current programs continue, there are some specific opportunities for reducing uncertainties in future status evaluations as the planned reintroduction proceeds.  Representative estimates of SAR combined with adult abundance series will allow for more accurate accounting of year-to-year variation in survival rates when evaluating abundance and productivity at the population level.  
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Figure � STYLEREF 1 \s �2��� SEQ Figure \* ARABIC \s 1 �2�.  General procedure for estimating current population productivity.   Data requirements: recent 20-year series of brood year return per spawner (R/S) values (returns to spawning grounds vs. parent spawners).  Population size threshold based on ICTRT intrinsic habitat potential analysis.  





Figure � STYLEREF 1 \s �2��� SEQ Figure \* ARABIC \s 1 �3�.  Snake River spring/summer Chinook salmon.  SAR index plotted with component data series (note: Y axis is log scale).
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