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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 that were 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.

ICTRT 



Volume II – Upper Columbia River	16

[bookmark: _Toc442695842]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 ESU/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 River spring Chinook salmon ESU and Upper Columbia River 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 Upper Columbia River spring Chinook salmon ESU and steelhead DPS.  
[bookmark: _Toc442695843]
 Upper Columbia River Spring Chinook Salmon ESU
[image: CHINmpg-general-uppercolumbia]The ICTRT has identified three extant populations within the Upper Columbia River spring Chinook salmon ESU (ICTRT 2003).  Production from a fourth population, the Okanogan River, is classified by the ICTRT as functionally extirpated.  These four populations represent a single major population group (MPG; Figure 1–1).  In addition, habitats above Grand Coulee Dam, a total block to anadromous passage, historically supported Chinook salmon production.  Based on general habitat conditions, the ICTRT identified six potential historical populations in drainages upstream of Grand Coulee Dam, grouping them into two MPGs.  There is some uncertainty regarding the historical ESU structure within the extirpated areas above Grand Coulee Dam.  For example, some of the populations may have been dominated by Chinook salmon exhibiting a summer life history pattern and may have been linked with the Upper Columbia River summer/fall Chinook salmon ESU. Figure 1– 1.  Upper Columbia River spring Chinook salmon ESU showing major population groups (MPGs) and populations.  See Table 3–1 for list of Map Population Codes.

[bookmark: _Toc442695844]
 Upper Columbia River Steelhead DPS
The ICTRT identified four extant populations within the Upper Columbia River steelhead DPS (ICTRT 2007).  This inland steelhead DPS currently includes all naturally spawned populations in Upper Columbia River tributaries (62 FR 43937; August 18, 1997).  All four of the extant populations were classified within a single MPG by the ICTRT (Figure 1–2).  In addition, the ICTRT concluded that Crab Creek, entering the Columbia River below the Wenatchee River and upstream of the Yakima River confluence, historically supported a fifth population.  Historically, drainages above Grand Coulee Dam (a total block to anadromous passage) also supported steelhead production.  The ICTRT identified an additional six extirpated historical steelhead populations above Grand Coulee Dam and classified them into two additional MPGs. 

[image: mpg-general-uppercolumbia-sthd]
Figure 1– 2.  Upper Columbia River steelhead DPS showing major population groups (MPGs) and populations.
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Methods
The methods used to generate the current status review of the Upper Columbia River ESU 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 Upper Columbia River populations of spring Chinook salmon and steelhead 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.  

[bookmark: _Toc442695846] ICTRT Viability Criteria
Our viability criteria reflect the hierarchical structure of Interior Columbia River Basin ESUs and DPSs.  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.

[bookmark: _Toc442695847]  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”.  For ESUs/DPSs with only one MPG, at least two populations in the MPG 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.

[bookmark: _Toc442695848]  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).  

[image: ]Figure 2– 1.  Example of a population viability curve.
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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 spawners of natural-origin.  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 Upper Columbia River spring Chinook salmon and steelhead 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.
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[image: ]Return per spawner (R/S) datasets were compiled from available data for fourteen of the seventeen extant Mid-Columbia steelhead populations.  The procedure outlined in Figure 2–2 was applied to calculate population-specific current intrinsic productivities.  None of the populations required the alternative method for application where more than half of the historically accessible habitat has been lost or highly degraded.   Figure 2– 2.   General procedure for estimating current population productivity.  Data requirements: recent 20-year series of brood year recruit per spawner (R/S) values (returns to spawning grounds vs. parent spawners).  Population size threshold based on ICTRT intrinsic habitat potential analysis.


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.  
Upper Columbia River Spring Chinook Salmon ESU
We generated a smolt-to-adult return (SAR) index for natural-origin (naturally spawning) Upper Columbia River spring Chinook salmon populations based on two data series: natural-origin smolt out-migrant/adult spawner data for the Chiwawa River (WDFW unpublished data) and smolt production/adult return series for Leavenworth Hatchery (released in Icicle Creek within the Wenatchee drainage).  We generated an annual SAR index for application to Upper Columbia River spring Chinook salmon populations using two data sets: a short series generated from out-migrant smolt and adult return estimates to the Chiwawa River drainage, a major component of the Wenatchee River spring Chinook population and an index of Upper Columbia River hatchery release to return SARs.  The two series overlap for out-migrant years.  We generated a linear regression relating the Chiwawa survivals to the hatchery index for those years when data from both series were available.  We assumed that the relationship between the natural-origin SAR and the average hatchery-origin SAR index applied to earlier years and calculated natural-origin SAR values using the regression parameters.   


Figure 2– 3.  Upper Columbia River spring Chinook salmon.  SAR index plotted with component data series (note: Y-axis is log scale).
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Upper Columbia River Steelhead DPS
Population-specific estimates of SAR rates are not available for this DPS.  An estimate of the aggregate SARs for the natural and hatchery returns to the DPS can be generated using adult sampling data collected at Priest Rapids by the Washington Department of Fish and Wildlife (WDFW) combined with extrapolations of smolt out-migrant estimates based on Rock Island Dam sampling programs (Chelan Public Utility District, unpublished data).  Both dams are downstream of the major steelhead producing tributaries for Upper Columbia River steelhead.  Annual estimates of hatchery and natural-origin adult steelhead returns passing Priest Rapids Dam are available dating back to return year 1985-1986 (Brown 1995).  The annual steelhead smolt out-migration passing through the Rock Island Dam project is sub-sampled on a weekly basis and the proportion of marked hatchery fish in the samples is recorded.  An estimate of the total naturally produced smolt out-migration passing Rock Island Dam in a given year can be generated based on: (1) known marked hatchery smolt releases into areas above Rock Island; (2) an estimate of the relative portion of releases that are marked; (3) a set of assumptions regarding survival from release to Rock Island; and (4) the fraction of hatchery fish observed in annual sampling at the dam (Peven & Hays 1989).  Marked vs. unmarked release strategies have increased in complexity in recent years.  It should be noted that as the ratio has changed, annual SAR estimates have become increasingly sensitive to inaccuracies in inputs for mark/unmarked ratios (or total release levels).  Smolt out-migration estimates for the upcoming set of brood years (post-1997) will need to be reviewed carefully to reconcile apparent inconsistencies.  

[image: ]
Figure 2– 4.  Upper Columbia River steelhead smolt-to-adult return rate (SAR) for aggregate natural production from the three extant populations.  Smolt estimate is natural-origin out-migration at Rock Island Dam.  Adult returns are estimates of aggregate natural run passing Priest Rapids Dam.

Applying SAR Adjustments
The resulting composite SAR indices were 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 annual value from the corresponding SAR index series.  For example, the Upper Columbia River spring Chinook salmon SAR index value for the 1996 brood year (1998 smolt out-migration) was 59% higher than the geometric mean for the 1979-2000 data series.  The SAR-adjusted productivity value for Upper Columbia River spring Chinook salmon production from brood year 1996 was calculated by dividing the direct estimate of R/S by 1.59 to express the R/S value for that brood year in terms of the average SAR for the standard period.

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. 

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, to maintain natural rates of re-colonization within the population and between populations, and to 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 part 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, the 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 given increased weighting over the remaining B metrics.  The overall population risk level is determined by using either the A-goal or B-goal score, which ever is lower (highest risk).

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 and 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 2–5).  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 2–5).  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.  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.  
 

	
	
	Spatial Structure/Diversity Risk

	
	
	Very Low
	Low
	Moderate
	High

	Abundance/
Productivity Risk
	Very Low 
(<1%)
	HV
	HV
	V
	M

	
	Low 
(1-5%)
	V
	V
	V
	M

	
	Moderate
(6 – 25%)
	M
	M
	M
	HR

	
	High 
(>25%)
	HR
	HR
	HR
	HR


Figure 2– 5.  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).

[bookmark: _Toc442695849]  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.  Upper Columbia River spring Chinook salmon – summary of methods used in generating population-specific abundance/productivity datasets.
	
Population
	Annual Spawner Abundance
	Age Composition
	Hatchery-Origin/ Natural-Origin

	
	Recent Years
	Earlier Years
	
	

	North Cascades MPG (Chinook)

 Wenatchee River




Entiat River






Methow River






	


1987 to present: expansions from total across multiple pass index and supplemental surveys in each major production area.  Multiplied by 2.2 fish per redd (Beamesderfer et al. 1997).




1994 to present: expansions from total redd counts across multiple pass index and supplemental surveys in the mainstem Entiat and the lower Mad River tributary.  Multiplied by 2.2 fish per redd (Beamesderfer et al. 1997).




1987 to present: expansions from total across multiple pass index and supplemental surveys in each major production area.  Multiplied by 2.2 fish per redd (Beamesderfer et al. 1997).
	

Prior to 1987, single pass redd surveys across the population expanded by 1.77 (average ratio of annual multiple pass vs. single pass). 



1964-1994: Single pass annual survey of upper Entiat mainstem index area.  Expanded by average ratio of total counts to index counts from post 1994 series, 2.2 fish per redd. 

Prior to 1987, single pass redd surveys across the population expanded by 1.77 (average ratio of annual multiple pass vs. single pass). 
	

Since 1995, based on WDFW carcass survey recoveries. Prior to 1995, age composition estimates were based on returns to the Leavenworth National Fish Hatchery (LNFH) facility in Icicle Creek and on samples of sport catch of natural-origin 

Since 1995, USFWS carcass surveys.  Prior to 1995, age composition estimates were based on returns to the Entiat National Fish Hatchery facility and samples of sport catch of natural-origin.

 

Since 1995, based on WDFW carcass survey recoveries. Prior to 1995, age composition estimates were based on returns to the Winthrop National Fish Hatchery  facility in the Methow drainage and on samples of sport catch of natural-origin 
	

Since 1995, based on mark recoveries of spawning ground carcasses.  Prior to 1995, based on Leavenworth Hatchery returns and recent average straying rates.  




Since 1995, based on mark recoveries of spawning ground carcasses.  Prior to 1995, based on hatchery returns to Entiat National Fish Hatchery applying an estimated straying rate.  



Since 1995, based on mark recoveries of spawning ground carcasses.  Prior to 1995, based on hatchery returns to Winthrop National Fish Hatchery and recent average straying rates.  





Table 2– 3.  Upper Columbia River steelhead – summary of methods used in generating population-specific abundance/productivity datasets.
	
Population
	Annual Spawner Abundance
	Age Composition
	Hatchery-Origin/ Natural-Origin

	
	Recent Years
	Earlier Years
	
	

	North Cascades MPG (Steelhead)

General 





Wenatchee River




Entiat River





Methow River




Okanogan River



	



Separate estimates of the aggregate returns of natural-origin and hatchery steelhead have been estimated at Priest Rapids Dam (below all extant DPS populations) and Wells Dam (below Methow and Okanogan Rivers) since return year 1985.  

1985 to present: Annual returns of hatchery and natural-origin estimated separately by applying average distributions from 2000-2001 radio-tracking to Priest Rapids minus Wells Dam returns after adjusting for intervening harvest.

1985 to present: Annual returns of hatchery and natural-origin estimated separately by applying average distributions from 2000-2001 radio-tracking to Priest Rapids minus Wells Dam returns after adjusting for intervening harvest.


1985 to present: Annual returns of hatchery and natural-origin estimated separately by applying average distributions from 2000-2001 radio-tracking to count over Wells Dam returns after adjusting for intervening harvest.


1985 to present: Annual returns of hatchery and natural-origin estimated separately by applying average distributions from 2000-2001 radio-tracking to count over Wells Dam returns after adjusting for intervening harvest.
	
	

 








1985 to present: Age composition from Priest Rapids sampling of natural-origin returns (separate estimates for hatchery returns). 


1985 to present: Age composition from Priest Rapids sampling of natural-origin returns (separate estimates for hatchery returns). 



1985 to present: Age composition from Wells Dam broodstocking sampling of natural-origin returns (separate estimates for hatchery returns). 


1985 to present: Age composition from Wells Dam broodstocking program sampling of natural-origin returns (separate estimates for hatchery returns). 
	










1985 to present:  Separate estimates of natural and hatchery returns.  Difference between estimated run over Priest Rapids Dam and returns over Wells Dam (minus broodstock removals) allocated to Wenatchee and Entiat populations using average distribution from radio-tracking experiments.  Adjusted assuming 10% pre-spawn mortality and fishery removals 

1985 to present:  Separate estimates of natural and hatchery returns over Wells Dam minus reservoir harvest above Wells Dam.  Allocated to Methow and Okanogan populations using average distribution from radio-tracking experiments.  Adjusted assuming 10% pre-spawn mortality and fishery removals.
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Upper Columbia River Steelhead Annual Abundance Estimates
The ICTRT has identified four extant steelhead populations in the Upper Columbia River steelhead DPS: Wenatchee, Entiat, Methow and Okanogan rivers.  In cooperation with Andrew Murdoch (WDFW), we have developed population-specific abundance estimates for these runs based on mainstem dam counts, hatchery-origin/natural-origin sampling datasets and the results of adult radio-tracking experiments.  Tributary redd surveys have been initiated in recent years; if continued these surveys should result in improved abilities to monitor trends in population-specific steelhead production.  

Setting
Major production areas for all four of the extant populations are upstream of the three lowest Mid-Columbia PUD mainstem dams (Priest Rapids, Wanapum and Rock Island).  The Wenatchee River joins the mainstem Columbia River between Rock Island and Rocky Reach dams.  The Entiat River population is above one more mainstem dam, Rocky Reach.  The Methow and Okanogan River systems enter the Columbia River above an additional mainstem project, Wells Dam.   

Current returns of Upper Columbia steelhead include a substantial number of hatchery-origin fish released as juveniles into the Wenatchee, Methow, and Okanogan basins. Hatchery steelhead have not been released into the Entiat River since the 1970s.  However, more recent radio-tracking studies (described below) have detected hatchery-origin strays in the Entiat River during the spawning period. 

Mainstem Dam Counts and Sampling Data 
Annual counts of steelhead passing each of the mainstem PUD dams are available (DART website).  However, natural-origin fish reported on the DART website are only “unmarked” fish and include a variable proportion of hatchery fish that did not have their adipose fin clipped.  Since 1985, the WDFW has conducted a sampling program across the run to determine annual hatchery-origin/natural-origin proportions and age composition of the run over Priest Rapids Dam (Brown 1995).  Since 1982, annual estimates of hatchery-origin/natural-origin proportions of the run over Wells Dam have been generated through a broodstock collection sampling program (Snow et al. 2007).  We used these two datasets to break out the annual Upper Columbia River returning steelhead run into two sets of hatchery and natural-origin components (Table 2–3).  The annual Wells Dam counts combined with the corresponding hatchery/natural proportions from the broodstock sampling program at that facility represents the aggregate natural-origin and the aggregate hatchery returns to the Methow and Okanogan populations.  The difference between the component counts at Priest Rapids Dam and Wells Dam (after accounting for tagged fish falling back to areas below Priest Rapids and broodstock removed at Wells Dam) represents adult steelhead potentially entering the Wenatchee and Entiat River systems. 

Harvest Estimates
Estimates of annual Upper Columbia River steelhead returns based on Priest Rapids and Wells Dam counts include fish that will be harvested in mainstem and tributary fisheries or taken for broodstock in regional hatchery programs.  Estimates of the number of fish removed by harvest were derived based on Washington Department of Fish and Wildlife catch estimates (A. Murdoch, WDFW).  Annual harvest estimates for mainstem Upper Columbia River reaches were assumed to apply to the aggregate of steelhead return components passing through the particular reach.  For example, harvest in Rock Island pool was assumed to impact returns to the Wenatchee, Entiat, Methow and Okanogan populations at the same annual rate, and harvest in the Wells Dam pool was allocated to the Methow and Okanogan returns in proportion to their annual abundance.  Tributary harvest rates were applied to the specific population.  Fisheries prior to the advent of natural-origin non-retention regulations were assumed to result in equivalent annual harvest rates on hatchery and natural run components.  A natural-origin fish mortality rate equal to 10% of the annual hatchery harvest rate was assumed to apply in years when non-retention fishery regulations were in effect. 

Radio-Tracking Studies
Results from telemetry studies of adult steelhead tagged and released near Priest Rapids Dam are available for two return cycle years, 1999-2000 and 2000-2001 (English et al., 2001, English et al., 2003)[footnoteRef:1].  Study results are summarized in Tables 2–2 and 2–3.  Approximately 400 adult steelhead were implanted with radio tags in each cycle year, with tags being applied to hatchery and natural fish in proportion to run composition estimated through the adult sampling program at Priest Rapids Dam.  Individual radio-tagged hatchery and natural steelhead were assigned to a spawning reach based on the uppermost detections during the natural spawning time frame (March to April).  Averaged across the two study years, 77.8% of the tagged natural-origin fish and 81.4% of the tagged hatchery-origin fish were detected in areas above Priest Rapids Dam during the spawning time frame.  [1:  Our analysis includes corrections to the entries in Table 20 of the 2003 document as provided by LGL Associates in the spring of 2007.] 


We calculated the average proportional distribution of the fish remaining in specific areas above Priest Rapids during the spawning time window across the two sample years.  The proportions were estimated for two major subsets: (1) Priest Rapids to Wells (includes the Wenatchee and Entiat Rivers along with Priest Rapids, Wanapum, Rock Island and Rocky Reach Dam pools); and (2) above Wells Dam (includes the Methow and Okanogan Rivers along with Wells Dam pool).  For each year, brood stock removals at Wells Dam were accounted for in calculating the proportions.  

Estimated return rates to the Wenatchee and Entiat River systems were expressed as proportions of the natural and hatchery estimates at Priest Rapids after accounting for detections over Wells Dam and broodstock removals.  An average of 47.4% of the Priest Rapids minus Wells detections of natural-origin radio-tagged fish were detected in the Wenatchee River during the spawning time window.  The corresponding proportion of natural-origin spawners detected in the Entiat River was 6.1%.  An average of 26.8% of the hatchery radio-tagged fish passing over Priest Rapids but not ascending over Wells Dam were detected within the Wenatchee River system during the spawning time window vs. 3.5% in the Entiat River.  A relatively large proportion of the hatchery run over Priest Rapids Dam fell back below the dam and was subsequently detected in the Snake River, the Yakima River and the Hanford Reach area. 

Of the radio-tagged natural-origin fish tracked above Wells Dam, an average of 70.8% and 20.8% were detected in the Methow River and the Okanogan Rivers, respectively, during the spawning time window.  Of the radio-tagged hatchery fish tracked above Wells Dam, the average proportions tracked to the Methow and Okanogan River systems were 58.2% and 32.4%. 

Population-Specific Abundance Estimation
We generated annual estimates of the number of fish returning to each of the Upper Columbia tributary populations by applying the average proportional distributions to hatchery and natural-origin return estimates for the two major aggregate areas (Priest Rapids to Wells Dam, above Wells Dam).  This approach is dependent upon a series of key assumptions including:
· Fish tagged in the study years are a random sample across run components.
· Detection probabilities are similar across population spawning habitats in the Upper Columbia River. 
· Radio-telemetry did not affect migration patterns (specifically destination) during the spawning time window. 
· Voluntary fallbacks represent fish that overshoot ultimate spawning areas.
· Tags identified as stationary (remained in the same geographic location from November through the study period) were classified as mortalities. 
· The furthest upstream detection of a radio-tagged fish during the period March through June represents the spawning destination of that fish. 
· The relative contribution levels and fallback rates of steelhead ultimately destined for spawning in areas below Priest Rapids Dam (e.g., Snake River, Yakima River, Hanford Reach) observed for the two study years are representative of averages for other years. 
· Study year estimates of the relative proportions of wild returns between the Entiat and Wenatchee River as well as between the Methow and Okanogan Rivers are representative of other return years.



[image: ]	Figure 2– 6.  Upper Columbia River steelhead tributary run components and sampling program sites.  Priest Rapids and Wells Dam sampling programs result in separate estimates of hatchery and natural-origin passage.  Returns allocated to specific tributaries based on proportional distribution estimates from radio-tagging studies in 1999-2000 and 2001-2002 cycle years.  Schematic does not include proportions dropping below Priest Rapids or assigned to mainstem areas between Mid-Columbia PUD dams.


 
[image: ]Table 2– 4. 2004/2005 dam counts from COE website. Wild fractions + average of previous 5 years.



[bookmark: _Toc442695850]  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.  The monitoring and evaluation sections in the Upper Columbia River Recovery Plan also identify specific opportunities for evaluating response to recovery actions as well as for monitoring trends in factors that influence population status.   

[bookmark: _Toc442695851]  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.         

[bookmark: _Toc442695852]  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 Upper Columbia River ESU and DPS:
· Annual estimates of the number of spawners by population for Chinook salmon and steelhead
· Population-level estimates of hatchery proportions in natural spawning areas
· Representative estimates of juvenile production and SAR rates
· Genetics baseline information
· Phenotypic and life history strategy evaluations, habitat indicators
· Information support for assessment of selective mortality effects

Based on those 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 discussion regarding the remaining four priority topics listed above.  This overview, along with more detailed sampling reviews recently developed by regional managers (Marmorek 2007) and the monitoring/evaluation recommendations developed as part of regional recovery planning efforts provides a technical basis for improving the ability to routinely assess status and trends.  
North Cascades spring Chinook salmon MPG
Annual abundance estimates for Upper Columbia spring Chinook salmon populations are based on multi-pass index redd surveys that cover virtually all of the production reaches.  Little improvement is needed in the spatial and temporal coverage of redd surveys, although validation of redd count accuracy and expansion multipliers (such as using sex ratio from broodstock collections) would be beneficial.  Relative contributions of hatchery and natural-origin spawners are based on carcass survey sampling results.  Supplementation releases from multiple sites are ongoing in the Wenatchee and Methow River basins.  Maintaining area-specific carcass sampling at levels sufficient to generate information on within-population (among MASA) distributions of returns would support future assessments.  At present, a composite SAR series for Upper Columbia spring Chinook salmon has been generated using results from smolt monitoring of production from the Chiwawa River with hatchery SAR data from the Leavenworth Hatchery program.  Establishing one or more additional SAR series representative of the range of natural production areas in the ESU (e.g., Methow River vs. Wenatchee River) would improve the ability to estimate average productivity values for each population.  Efforts should be made to synthesize and analyze all existing data on current phenotypic characteristics and life history patterns.
North Cascades steelhead MPG
Run reconstructions of spawning escapements into each of the four Upper Columbia River steelhead populations are currently based on allocating aggregate natural and hatchery returns counted over Priest Rapids Dam and Wells Dam.  The approach relies on the average distribution of adult steelhead from two years of radio-tagging experiments (tags applied to adults collected across the run at Priest Rapids Dam in 1999 and 2001).  Implementing an approach that estimates annual returns more specifically to each population would substantially reduce uncertainties regarding population viability for each of the Upper Columbia River steelhead populations.  Preliminary evaluation indicates that an approach based on identifying the river of origin of natural returns sampled in the Priest Rapids monitoring program using PIT tag detection arrays in the lower portions of some of the subbasins might be feasible.  Annual or periodic surveys of the relative distribution of spawners within each of the populations would allow for future evaluation of performance against the spatial structure and diversity components of the ICTRT viability criteria.  Returns from the large-scale hatchery programs in the Upper Columbia River have been spawning in natural production areas for several generations.  The relative contribution of hatchery-origin spawners to natural production from populations within this DPS is uncertain.  The Entiat, Methow, and Okanogan rivers do not have population-specific empirical measures of sex ratio, origin, and age structure.  Wells Dam does provide composite information for the Methow and Okanogan populations, and the trap sites within each basin provide some estimates at the major spawning area (MaSA) level.  The effort underway with a PIT-tag detection array in the lower Entiat River may provide the necessary information, but there are uncertainties regarding the sample size (e.g., are enough fish being tagged to get a good number of recaptures in the Entiat population) and detection efficiencies.  Information on the relative production of natural-origin vs. hatchery-origin spawners could substantially reduce uncertainties regarding production potential.  Since relative productivity can be influenced by a number of factors (timing of spawners, habitat characteristics in the specific areas used by hatchery and natural spawners, relative effectiveness of progeny resulting from hatchery spawners), experiments that evaluate relative productivity in sections of the system with and without large contributions of hatchery-origin spawners should be considered.  Comprehensive genetic analyses need to be conducted for Upper Columbia River steelhead populations to update the current datasets collected in the 1980s.


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 populations across the Upper Columbia River ESU and DPS should be considered as part of an improved monitoring evaluation program.

The ICTRT viability report also identifies a priority for improved salmon and steelhead genetics information for Upper Columbia 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 towards 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.  However, efforts should be made to synthesize and analyze all existing data on current phenotypic characteristics and life history patterns.  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. 
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Status Summary – Upper Columbia River Spring Chinook Salmon ESU
[bookmark: _Ref198966427]The Upper Columbia River spring Chinook salmon ESU currently includes three extant populations within a single major population group (MPG); Figure 3–1).  Natural production of spring Chinook salmon from a fourth population in this MPG, the Okanogan River, has been functionally extirpated.  The historical ESU likely included additional populations in areas above Grand Coulee and Chief Joseph dams on the mainstem Columbia River – those projects are impassable to anadromous runs.  Based on general habitat conditions, the ICTRT identified six potential historical populations in drainages upstream of Grand Coulee Dam, grouping them into two MPGs.  There is some uncertainty regarding the historical ESU structure within the extirpated areas above Grand Coulee Dam.  For example, some of the populations may have been dominated by Chinook salmon exhibiting a summer life history pattern and may have been linked with the Upper Columbia River summer/fall Chinook salmon ESU. 
[image: CHINmpg-general-uppercolumbia]
Figure 3– 1.  Upper Columbia River spring Chinook salmon ESU with MPGs and component populations.


The ICTRT ESU/DPS-level viability criteria are expressed in terms of objectives at the MPG level.  The MPG level criteria are based on a minimum number of populations meeting specific abundance, productivity, spatial structure, and diversity criteria.  There may be several combinations of populations meeting viability objectives across the ESU that could satisfy the ICTRT ESU/MPG criteria (Figure 3–1).  Because of their historical size (amount of tributary habitat capable of supporting spawning and rearing) or their particular major life history patterns, some populations would be required under any potential scenario for meeting the ICTRT objectives (designated as “must have” in Figure 3–1).  There are also circumstances where a minimum number from a particular set of populations (designated as “optional must have” in Figure 3–1) would be necessary. 

We evaluated the current status of each extant population in the Upper Columbia River spring Chinook salmon ESU and used those assessments to determine if each of the individual MPGs in the ESU is currently meeting viability objectives (Table 3–1).  The results of the individual population current status ratings are depicted in Figure 3–2 and the results of those evaluations are summarized in Table 3–1.  The MPG summaries and their component population assessments are compiled in the following section.  

Current status is simply the result of the application of the ICTRT MPG-level viability criteria.  The status of the MPG is either “viable” (meets the criteria) or the MPG does not meet MPG-level viability criteria.  The following paragraphs list a preliminary recovery-planning objective for each MPG and summarize the current status of the MPG based on the more detailed population-level assessments included in this report.
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Figure 3– 2.  Snake River spring/summer Chinook salmon ESU populations – current status ratings based on ICTRT criteria.  See Table 3–1 for list of Map Population Codes.
 

Table 3– 1.  Major population group (MPG) and population status within the Upper Columbia River spring Chinook salmon ESU.
	Major Population Group (MPG)
	Population
	Map Population Code
	Population Viability Rating
	Does MPG meet Viability Criteria?

	North Cascades
	Wenatchee River
	UCWEN
	High Risk
	No

	
	Entiat River
	UCENT
	High Risk
	

	
	Methow River
	UCMET
	High Risk
	

	
	Okanogan River
	UCOKA
	Extirpated
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 Current Status Summary – North Cascades Spring Chinook Salmon MPG
The North Cascades spring Chinook salmon MPG includes four historical populations, three of which are currently extant (Figure 3.1–1).  These populations each originate from major tributaries to the Upper Columbia River that have headwaters in the North Cascades mountain range.  The Wenatchee and Methow River populations are relatively complex in terms of watershed structure and are classified as “very large” in size and complexity based on historical habitat potential.  The Entiat River population is relatively simple, primarily occupying a stretch of mainstem habitat and is classified as “basic” (the smallest spring Chinook salmon population category).   
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Figure 3.1– 1.  North Cascades MPG spring Chinook salmon populations.  See Table 3–1 for list of Map Population Codes.
Overall abundance and productivity (A/P) was rated High Risk for the each of the three extant populations in this MPG/ESU (Table 3.1–1).  The 10-year geometric mean abundance of adult spawners has been extremely low relative to the minimum threshold levels required for a low risk rating for all three populations.  Overall spatial structure and diversity (SS/D) has also been rated High Risk for all three extant populations. 

The North Cascades spring Chinook salmon MPG is currently not meeting the ICTRT criteria for MPG viability (Table 3.1-1 and Figure 3.1-2).  The population-level SS/D criteria ratings are summarized for this MPG in Table 3.1-2.   

Table 3.1– 1.  Viability assessments for Upper Columbia spring Chinook salmon populations in the North Cascades MPG.
	
	Population Level:
Abundance and Productivity
	Population Level:
Spatial Structure and Diversity
	Population Level:    Overall
Viability Rating

	
	Abundance
	Productivity
	Overall A/P
	Goal A
	Goal B
	Overall SS/D
	

	Population
	Extant/
Extinct
	Current Natural Abundance
	Minimum
Threshold
	Current
Estimate (R/S)
	Minimum R/S  @ threshold
	Integrated A/P Risk
	Natural Processes Risk
	Diversity Risk
	Integrated
SS/D Risk
	

	Wenatchee River
	Extant
	222
	2000
	0.93
	1.62
	High
	Low
	High
	High
	HIGH RISK

	Entiat River
	Extant
	59
	500
	0.72
	1.76
	High
	Moderate
	High
	High
	HIGH RISK

	Methow River
	Extant
	180
	2000
	0.80
	1.62
	High
	Low
	High
	High
	HIGH RISK

	Okanogan River
	Functionally Extirpated
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a


The composite spatial structure/diversity (SS/D) risks for all three of the extant populations in this MPG are rated at High (Table 3.1–1, Figure 3.1–2).  The risk ratings for individual components of the SS/D risk ratings are summarized in Table 3.1–2.  The spatial processes component of the SS/D risk is low for the Wenatchee River and Methow River populations and moderate for the Entiat River (loss of production in lower section increases effective distance to other populations).  All three of the extant populations in this MPG are rated at high risk for diversity, driven primarily by chronically high proportions of hatchery-origin spawners in natural spawning areas and lack of genetic diversity among the natural-origin spawners.  


	

	
	Spatial Structure/Diversity Risk

	
	
	Very Low
	Low
	Moderate
	High

	Abundance/
Productivity Risk
	Very Low 
(<1%)
	HV
	HV
	V
	M

	
	Low
 (1-5%)
	V
	V
	V
	M

	
	Moderate
(6 – 25%)
	M
	M
	M
	HR

	
	High
 (>25%)
	HR
	HR
	HR

	HR 
Wenatchee R.
Entiat R.
Methow R.
Okanogan R. (extinct)



Figure 3.1– 2.  North Cascades spring Chinook salmon MPG population risk ratings integrated across the four viable salmonid population (VSP) metrics.  Viability Key: HV – Highly Viable; V – Viable; M – Maintained; HR –High Risk (does not meet viability criteria). Darker cells are at higher risk.

Table 3.1– 2.  Summary of population-level spatial structure and diversity (SS/D) criteria ratings for the North Cascades MPG spring Chinook salmon populations.  VL – Very Low Risk; L – Low Risk; M – Moderate Risk; H – High Risk.  Spatial distribution, genetics, life history patterns and traits are given weight in compiling overall population SS/D ratings.
	

Population
	Spatial Processes
	Diversity

	
	Structure
	Range
	Gaps
	Life History Patterns
	Pheno Var.
	Genetics
	Spawner Composition
	Ecoregion Distribution 
	Selectivity

	Wenatchee River
	VL
	VL
	M
	VL
	M
	H
	H (a.1, a.4)
	L
	L

	Entiat River
	M
	L
	M
	VL
	M
	H
	H (a.1)
	L
	L

	Methow River
	L
	L
	L
	VL
	M
	H
	H (a.3)
	L
	L

	Okanogan River
(extirpated)
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a


(a.1):  Due to influence of naturally spawning hatchery-origin fish from out of the ESU broodstock. 
(a.3):  Due to influence of naturally spawning hatchery-origin fish from out of the population (within-MPG) broodstock.
(a.4):  Due to influence of naturally spawning hatchery-origin fish from within-population broodstock.
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Current Status Assessment – Wenatchee River Spring Chinook Salmon Population 
The Wenatchee River spring Chinook salmon population (Figure 3.1.1– 1) is one of three extant populations in the North Cascades MPG within the Upper Columbia ESU (ICTRT 2004).  General descriptions of the subbasins and life history characteristics of these populations are provided in the Wenatchee Subbasin Plan (NPCC 2004) and the Upper Columbia Recovery Plan (UCSRB 2007). 
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Figure 3.1.1– 1.  Wenatchee River spring Chinook salmon population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Wenatchee River spring Chinook salmon population as “very large” in size and complexity based on historical habitat potential (Table 3.1.1–1; ICTRT 2007).  A Chinook salmon population classified as very large has a mean minimum abundance threshold criteria of 2,000 natural-origin spawners with sufficient intrinsic productivity (≥ 1.62 recruits per spawner at the minimum abundance threshold) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Wenatchee River population to achieve a 1% or less risk (“very low risk”) of extinction over 100 years, productivity would need to be at or greater than 2.20 recruits per spawner at the minimum abundance threshold.  The Wenatchee River spring Chinook salmon population was classified as a type “B” population (based on historic intrinsic potential) because it has dendritic tributary structure with multiple major spawning areas (ICTRT 2007). 
Table 3.1.1– 1.  Wenatchee River spring Chinook salmon population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	3,440

	Stream lengths km (total) a
	1,733.2

	Stream lengths km (below natural barriers) a
	1,082.1

	Branched stream area weighted by intrinsic potential (km2)
	1.360

	Branched stream area km2 (weighted and temp. limited) b
	1.336

	Total stream area weighted by intrinsic potential (km2)
	1.883

	Total stream area weighted by intrinsic potential (km2) temp limited b
	1.798

	Size / Complexity category
	Very Large / “B” (dendritic structure)

	Number of major spawning areas (MaSAs)
	5

	Number of minor spawning areas (MiSAs)
	4


 a. All stream segments ≥ 3.8m bankfull width were included
 b. Temperature limited areas were assessed by subtracting area where the mean weekly modeled water temperature was > 22oC.
Current Abundance and Productivity
Recent (1960-2003) abundance (number of adults spawning in natural production areas) has ranged from 51 in 1995 to 5,836 in 1966.  Abundance estimates are based on expanded redd counts (relatively complete coverage of temporal and spatial components).  The results of annual redd surveys are summarized in annual reports and technical memos (e.g., Mosey and Murphy 2002).  Prior to 1987, spring Chinook salmon redd counts were based on a single survey completed during or after peak spawning activity.  The single survey index areas were the most heavily spawned stream reaches.  Since 1987, redd counts in the Wenatchee River basin have been based on multiple surveys and include most of the available spawning habitat (Beamesderfer et al. 1997).  Since 1995, age composition and hatchery contribution estimates have been based on carcass survey recoveries summarized in the annual Washington Department of Fish and Wildlife (WDFW) spawning ground survey reports.  Prior to 1995, age composition estimates were based on returns to the Leavenworth National Fish Hatchery (LNFH) facility in Icicle Creek and on samples of sport catch of natural-origin fish (Beamesderfer et al. 1997).  Estimates of the annual number of spawners are derived from the redd count data by applying a standard expansion factor (2.2 fish per redd) based on an average ratio of redd counts above the Chiwawa River weir to direct estimates of the number of spring Chinook salmon passing the weir site (Beamesderfer et al. 1997).   
Recent year natural spawners include recruits originating from naturally spawning parents, strays from the Leavenworth Hatchery program in Icicle Creek and returns from a directed supplementation program (primarily from Chiwawa River releases).  The most recent 10-year average contribution of naturally produced returns on the spawning grounds has been 62% (Table 3.1.1–2), ranging from 35% to 92%.

[image: ]Abundance in recent years has been highly variable.  The 10-year (1994-2003) geometric mean abundance of natural-origin spawners was 222.  During the period 1960-1999, recruits per spawner (R/S, in terms of spawner to spawner) for spring Chinook salmon in the Wenatchee River population ranged from 0.06 to 4.59.  The annual R/S estimates were adjusted to reflect the average smolt-to-adult return rate (SAR).  The 20-year (1979-1998) geometric mean productivity was 0.93 R/S, adjusted for SAR and delimited at 75% (1,500 spawners) of the abundance threshold (Table 3.1.1–2).Figure 3.1.1– 2.  Wenatchee River spring Chinook salmon population spawner abundance estimates (1960 to 2003).

Table 3.1.1– 2.  Wenatchee River spring Chinook salmon population abundance and productivity estimates.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	222
	(18-1779)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.59
	(0.35-0.92)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (20-year R/S, SAR adjusted & delimited) a
	0.93
	(0.57-1.53)
	

	Productivity (20-year Beverton-Holt fit, SAR adjusted) 
	2.15
	
	1.06

	Trend Statistics (1980-2003
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	0.89
	(0.83-0.95)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	0.91
	(0.61-1.36)
	0.25

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	0.96
	(0.61-1.51)
	0.39


a. Delimited productivity excludes any recruit/spawner pair where the spawner number exceeds the 75% of the size threshold for this population.  This approach attempts to remove density dependence effects that may influence the productivity estimate.
b. Lower end of the 90% CI on productivity is used in evaluating the impact of parameter uncertainty on risk. 
[image: ]Comparison to Viability Curve
Wenatchee River spring Chinook salmon population is at High Risk based on current abundance and productivity.  The point estimate for abundance and productivity is below the 25% risk curve. 

The Wenatchee River spring Chinook salmon population has exhibited a strong downward trend in natural-origin abundance since 1980, declining at an average rate of approximately 11% per year (Table 3.1.1–2).  The pattern in returns over time has some similarities with returns to the other two extant Upper Columbia ESU populations – a relatively abrupt drop in the early 1990s to extremely low escapement levels, followed by a spike in returns in the early 2000s (Figure 3.1.1–2).  In recent years, hatchery returns from releases from the Chiwawa River supplementation program have increased substantially, averaging just over 40% on the spawning grounds (Table 3.1.1–2).  Assuming that hatchery-origin and natural-origin spawners contribute to production at the same rate, the estimated intrinsic population growth rate over the most recent twenty-year period has been below replacement (0.91, 25% probability of exceeding 1.0).  The estimate of the population growth rate is sensitive to the assumption regarding relative hatchery effectiveness at the average level of hatchery-origin spawner proportion observed for the Wenatchee River population.  Setting the relative hatchery effectiveness value to 0.00, reflecting the opposite extreme assumption, results in an estimated average population growth rate of 0.96 (39% probability that the average exceeds 1.00).  Figure 3.1.1– 3.  Wenatchee River spring Chinook salmon population abundance and productivity compared to the ESU viability curve. Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for abundance and productivity.


Spatial Structure and Diversity
The ICTRT has identified five historical major spawning areas (MaSAs) and four minor spawning areas (MiSAs) within the Wenatchee population (Figure 3.1.1– 4).  The five MaSAs are Chiwawa River, Little Wenatchee River, White River, Nason Creek, and the Upper Wenatchee River mainstem (Tumwater Canyon to Lake Wenatchee).  The minor spawning areas (MiSAs) estimated from the intrinsic potential analysis include Icicle Creek, Chumstick Creek, Peshastin Creek, and Mission Creek. 
Currently, the primary spawning areas used by spring Chinook salmon in the Wenatchee River population are the Chiwawa, Little Wenatchee, and White rivers, Nason Creek, and the mainstem Wenatchee River between Tumwater Canyon and Lake Wenatchee (WDFW 2003; Tonseth 2003).  Icicle Creek consistently has unlisted Carson Hatchery stock spring Chinook salmon spawning below the Leavenworth National Fish Hatchery and, from 2001 to 2003, Carson Hatchery stock spring Chinook salmon were planted in Peshastin Creek.  Redds in these drainages would not contribute to viable salmon population (VSP) parameters because almost no natural-origin Wenatchee River fish are known to spawn in these MiSAs.  During high abundance years (e.g., 2001), spring Chinook salmon were also observed in Chiwaukum Creek (A. Murdoch, Washington Department of Fish & Wildlife, personal communication). 

 [image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  The Chiwawa has the greatest proportion of 5 major spawning areas at 31%.  The four minor spawning areas each contain approximately 3 to 4 percent of the population's intrinsic potential.  The are small fractions of the Peshastin and Mission minor spawning areas that may be subject to temperature limitations.
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Figure 3.1.1– 4.  Wenatchee River spring Chinook salmon population distribution of intrinsic potential habitat across major (MaSAs) and minor spawning areas (MiSAs).  White bars represent current temperature limited areas that could potentially have had historical temperature limitations.




Factors and Metrics
A.1.a  Number and spatial arrangement of spawning areas
The Wenatchee River spring Chinook salmon population has five MaSAs (Chiwawa, Nason, White, Little Wenatchee, and Upper Wenatchee mainstem) and they are all currently occupied (based on agency defined distribution), so it is at very low risk.  
A.l.b.  Spatial extent or range of population
The Wenatchee River spring Chinook salmon population has five MaSAs (Chiwawa, Nason, White, Little Wenatchee, and Upper Wenatchee mainstem) and they are all occupied (based on agency defined distribution) so it is at very low risk.  Additionally, based on redd counts in index areas from the most recent brood cycle (2000-2004) and during the last three brood cycles, the Wenatchee population would also be at very low risk.  However, there were some years during the last three brood cycles that did not meet minimum occupancy requirements in the White, Little Wenatchee, and Upper Wenatchee mainstem MaSAs.
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Figure 3.1.1– 5.  Wenatchee River spring Chinook salmon population current spawning distribution and spawning area occupancy designations.
A.1.c.  Increase or decrease in gaps or continuities between spawning areas
There has been no increase or decrease in gaps between MaSAs for the Wenatchee River spring Chinook salmon population.  However the loss of multiple MiSAs at the lower end of the population boundary (below Tumwater Canyon) puts the population at moderate risk for this metric.  It is assumed that habitat conditions, primarily flow and barriers, prohibit the use of Mission and Chumstick Creeks as minor spawning areas.  There is considerable uncertainty regarding the ability of these watersheds (Mission and Chumstick) to produce spring Chinook salmon, even under pristine historical conditions.  Additionally, there is uncertainty regarding passage of spring Chinook salmon at the Boulder field in Icicle Creek.  The opinion of local biologists is that the boulder field was always a barrier (even though road debris has made it artificially enhanced); recent studies using marked hatchery fish from the LNFH (Cappellini 2001) and historical information from the Wenatchi Tribe support that assumption. 
B.1.a.  Major life history strategies 
The Wenatchee River spring Chinook salmon population is very low risk because no major life history strategies have been lost. 
Studies of juvenile rearing and migration have identified three major juvenile life history patterns within the Wenatchee River spring Chinook salmon population: summer and overwinter rearing within natal spawning areas; fall pre-smolt migration and overwintering in the mainstem Wenatchee downstream of natal tributaries; and early summer emigration to downstream areas for summer rearing and overwintering.  Limited PIT-tag information indicates that emigrating parr and pre-smolts use the mainstem reaches above Tumwater Dam for subsequent rearing.  It is uncertain if the Lower Wenatchee River downstream of Tumwater Canyon was a historically important summer and/or winter rearing area.  If it was historically important, then the loss of side channels, riparian condition, and floodplain function in the lower Wenatchee River mainstem could be contributing to the loss of a potentially important juvenile life history pathway, which could lead to a higher risk rating for this metric.  
B.1.b.  Phenotypic variation
We do not have data available for this metric.  Even if we determined that there was a change to one or more traits we do not know the exact baseline because changes likely occurred before there was biological monitoring.  Therefore, we will assume that there has been some change and increase in variance for two or more traits placing the population at moderate risk.
B.1.c.  Genetic variation
The Wenatchee River spring Chinook salmon population was determined to be at high risk for genetic variation due to a persistent homogenization from previous fish management efforts.  Analyses based on allozymes collected in the 1980s suggest that there was some differentiation between sub-populations consistent with the level of differentiation expected in that time frame, particularly in the White and Twisp River drainages.  However, microsatellite samples collected in the late 1990s and early 2000s do not show this same differentiation, suggesting that recent management practices and the sequence of extremely low annual spawning numbers in the mid-1990s may have disrupted natural gene flow (ICTRT Population identification draft report, in prep).  A third study (Murdoch et al. 1999), also analyzed by the ICTRT, includes samples only from the Wenatchee River and indicates that there is some differentiation between watersheds of Nason Creek, White River, and Chiwawa River samples.  The genetics subgroup concluded that the overall Wenatchee River population has been homogenized with other Upper Columbia populations due to past practices.  Their conclusion was based on high similarity to all Upper Columbia hatchery samples and AMOVA analysis indicating no apparent structure between populations.  However, there is some indication in both the allozyme data and the more recent microsatellite data that there may be some substructure within the population.  Data examined include both allozyme and microsatellite data collected by WDFW and analyzed in Ford et al. (2000), and by the ICTRT genetics subgroup (analyses to be published, available upon request).  It is possible that the true genetic risk metric for this population is lower.  If additional data becomes available indicating differentiation between and within populations (either genetic data indicating levels of divergence consistent with the time since separation or genetic information showing strong spatial structure), the risk level for this metric could improve to moderate or low risk.
B.2.a.  Spawner composition
(1)  Out-of-ESU spawners:  The Wenatchee River spring Chinook salmon population is at high risk for this metric due to the presence of non-local (out-of-ESU origin) stocks on the spawning grounds, which include both NFH and other stocks from hatcheries outside the Upper Columbia ESU.  Tagging studies indicate that LNFH stray rates are generally less than 1% (Pastor 2004).  However, based on expanded carcass recoveries from spawning ground surveys (2001-2004), LNFH and other out-of-basin spawners have comprised from 3%-27% of the spawner composition above Tumwater Canyon (WDFW unpublished data).  It is possible that four years of data is not sufficient to evaluate this metric and our risk assessment could change with the inclusion of a longer time series of data.  It has been suggested that the mark rate and recovery rate for hatchery fish was insufficient to determine spawner composition prior to 2000 (A. Murdoch, pers. comm.).  Therefore, continuing a 100% external mark rate of hatchery fish and recovering high proportions of carcasses should be a priority.
(2) Out-of-MPG spawners from within the ESU:  The Upper Columbia ESU only has one extant MPG, so this metric is not applicable and no score will be given.
(3) Out-of-population spawners from within the MPG:  Out-of-population (but within-MPG) origin spawners comprised 0% and 1.8% of the naturally spawning population in 2001 and 2002, respectively (Tonseth 2003, 2004).  Based on this short-term dataset, the population was at low risk with respect to this metric.  However, we recognize that two years is likely not sufficient to assess long-term risk and conclude that more years need to be added to the time series.  Additionally, if the rearing and release practices discussed in the next metric are not addressed then all the hatchery fish on the spawning grounds will fall into this category and the population will be at high risk for this metric.
(4) Within-population hatchery spawners:  Since 1993, a total of 56% of the spawners in tributaries above Tumwater Canyon have been of local hatchery-origin, specifically the Chiwawa River supplementation program (WDFW unpublished data).  Regardless of the duration (number of generations), this high proportion of hatchery fish on the spawning grounds places the population at high risk for this metric.  Additionally, the Chiwawa River integrated hatchery program strays to other non-target MaSAs and commonly makes up greater than 10% of the spawner composition in Nason Creek and the White and Little Wenatchee rivers, based on comprehensive data collected in 2001 and 2002 (Tonseth 2003, 2004).
The overall spawner composition metric is rated high risk due to the high proportion of hatchery-origin strays from out-of-ESU and within-population stocks that spawn naturally in this population.
B.3.a.  Distribution of population across habitat types
The intrinsic potential distribution for Wenatchee River spring Chinook salmon covered four ecoregions; however, over 90% of the high to medium rated habitat was in two ecoregion types, Chiwaukum Hills & Lowlands and Wenatchee Chelan Highlands.  The loss of occupancy in all four MiSAs below Tumwater Canyon did not eliminate an ecoregion type or shift the distribution of ecoregion types by more than one-third.  Therefore, the population was at low risk for this metric.
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Figure 3.1.1– 6.  Wenatchee River spring Chinook salmon population spawning distribution across EPA level IV ecoregions.
Table 3.1.1– 3.  Wenatchee River spring Chinook salmon population proportion of current spawning areas across EPA level IV ecoregions.
	Ecoregion
	% of historical spawning area (non-temp. limited)
	% of currently occupied spawning area (non-temp. limited)
	% of historical spawning area (temp. limited) a

	Channeled Scablands
	1.1
	0.0
	1.1

	North Cascades Highland Forests
	4.3
	3.3
	4.3

	Wenatchee/Chelan Highlands
	41.7
	47.6
	41.7

	Chiwaukum Hills & Lowlands
	52.9
	49.1
	52.9


a. Temperature limited areas were assessed by subtracting area where the mean weekly modeled water temperature was > 22oC.
B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population crosses seven dams in the accessible mainstem river in its seaward and spawning migrations.  The hydropower system and associated reservoirs appear to impose some selection on smolt and adult migration timing.  All hydropower effects have persisted for multiple generations and are ongoing; however, the effects on all traits except juvenile migration timing were rated as low.
Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring, as temperatures rise and flows decrease, causing increased travel time, increased energy expenditure and greater physiological stresses.  Given the number of dams that this population must cross, transportation mortality and likely increases in mortality as the season progresses, overall impact on the population is likely moderate.  Heritability of this trait has not been assessed, so we assume a moderate to low heritability.  Therefore the impact of the hydrosystem on this trait is moderate. 
Harvest:  Mainstem fishery harvest rates on returning Upper Columbia spring Chinook salmon (including the Wenatchee River population) have ranged from 3.5%-14.8% during the period 1980 to 2005, averaging approximately 10% annually (ODFW 2006; WDFW 2006).  Although some harvest may be size-selective for larger fish, the selective mortality is assumed to affect less than 2% of the population resulting in a negligible rating for the proportion affected.  There is no in-basin harvest of Wenatchee River spring Chinook salmon.  Therefore, the harvest selectivity rating was low risk.  
Hatcheries:  The Chiwawa River hatchery program is operated to be non-selective by collecting broodstock so that their run-timing, sex, and age mimics that of the total run at Tumwater Dam (Wenatchee Hatchery and Genetic Management Plan).  The White River captive broodstock program excavates eggs from redds of known natural-origin spawning pairs, rears them to maturity in captivity for production and release of the following generation.  This type of hatchery program has issues with effective population size, domestication, and other genetic concerns; however, the broodstock removal does not appear to be selective at the population 
Habitat:  Altered flow profiles and increased temperatures, which have been in place for many generations and are ongoing, have the potential to impose some selection on juvenile and adult migration timing.  The timing and magnitude of altered flow profiles is such that it does not affect run timing for returning adults or out-migrating smolts in the Wenatchee River basin.  Likewise, elevated temperatures in the Wenatchee River mainstem do not overlap temporally with spring Chinook salmon migration.  Thus, selection pressure on adult migration timing and juvenile migration timing is negligible and risk due to habitat change is low for all traits. 
Juvenile migration timing is rated moderate for selective impact of hydropower actions.  All other components of this metric are rated low risk for all traits, resulting in an overall low risk rating for this metric. 
Spatial Structure and Diversity Summary
The Wenatchee River spring Chinook salmon population was determined to be at low risk for goal A (allowing natural rates and levels of spatially mediated processes) but at high risk for goal B (maintaining natural levels of variation) resulting in an overall High Risk rating.  The metrics for genotypic and phenotypic variation were the determining factors for the high risk rating of Wenatchee River spring Chinook salmon.  We concluded that there was evidence for a high degree of homogenization within the Wenatchee population as well as among the three extant Upper Columbia spring Chinook salmon populations.  However, there was considerable uncertainty regarding whether or not the level of divergence in the Wenatchee was sufficient for a moderate risk rating.  Therefore, continued efforts to maintain and evaluate natural levels of exchange within and among populations could lead to an improved risk rating.  For B.1.b. (phenotypic variation), an analysis needs to be conducted that shows that the phenotypic traits of the current population are consistent with the assumed historical condition or with unaltered reference populations in a similar habitat, geologic, and hydrologic setting.  Based on the scoring system, these metric must be addressed in order for the status of goal B to improve to low risk.
There were two metrics that were rated at high risk related to spawner composition that should be considered potential threats to both genotypic (B.1.3) and phenotypic variation (B.1.b).  First, Chiwawa River hatchery fish (local origin stock; B.2.a.2) comprise a large portion of the fish on the spawning grounds over multiple generations.  Additionally, this hatchery operation is not meeting best management practices because the rearing and release strategies (acclimation of Chiwawa fish on Wenatchee River water over the winter) increase the probability of straying to non-target MaSAs (we recognize that recent actions have been taken that are intended to reduce this problem).  Second, the high proportion (3-27 %) of LNFH fish (out-of-ESU stock) on the spawning grounds poses an additional risk to genotypic and phenotypic variation.  
Table 3.1.1– 4.  Wenatchee River spring Chinook salmon population spatial structure and diversity risk rating summary.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	VL (2)
	VL (2)
	Low Risk
(Mean = 1.33)   
	Low Risk
(Mean = 1.33)   
	High Risk

	A.1.b
	VL (2)
	VL (2)
	
	
	

	A.1.c
	M (0)
	M (0)
	
	
	

	B.1.a
	VL (2)
	VL (2)
	High Risk (-1)
	High Risk (-1)
	

	B.1.b
	M (0)
	M (0)
	
	
	

	B.1.c
	H (-1)
	H (-1)
	
	
	

	B.2.a(1)
	H (-1)
	High Risk (-1)
	High Risk (-1)
	
	

	B.2.a(2)
	N/A
	
	
	
	

	B.2.a(3)
	L (1)
	
	
	
	

	B.2.a(4)
	H (-1)
	
	
	
	

	B.3.a
	L (1)
	L (1)
	L (1)
	
	

	B.4.a
	L (1)
	L (1)
	L (1)
	
	



Overall Viability Rating
The Wenatchee River spring Chinook salmon population does not meet ICTRT viability criteria and the overall viability rating is considered HIGH RISK (Figure 3.1.1– 7).  Overall abundance and productivity is rated at High Risk, while overall spatial structure and diversity is also rated at High Risk (due primarily to a high level of genetic homogenization within and among populations).  The 10-year geometric mean abundance of natural-origin spawners is 222, which is only 11% of the minimum abundance threshold of 2,000.  The geometric mean productivity (0.93 R/S; Table 3.1.1–6) is well below the viability target of 1.62 R/S.  The population cannot achieve any level of viability without improving its status on the viability curve for both abundance and productivity.  Additionally, improvement of the spatial structure and diversity status to low risk would be required to allow the Wenatchee River population to achieve a “highly viable” status.  Based on the MPG guidelines, the Wenatchee River population will need to achieve a highly viable status for recovery of the ESU (ICTRT 2005). 
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Figure 3.1.1– 7.  Wenatchee River spring Chinook salmon risk ratings integrated across the four viable salmonid population (VSP) metrics.  Viability Key: HV – Highly Viable; V – Viable; M – Maintained; HR – High Risk; Shaded cells – does not meet viability criteria (darkest cells are at highest risk).

Data Summary – Wenatchee River Spring Chinook Salmon
Data type:  Redd count expansions (Wenatchee River spring Chinook salmon without Icicle Creek).  Natural returns include natural-origin spawners removed as broodstock for short-term supplementation actions.
SAR:	Expanded Chiwawa SAR index

Table 3.1.1– 5.  Wenatchee River spring Chinook salmon population abundance and productivity data used for curve fits and R/S analysis.  Bold values were used in estimating the current productivity (Table 3.1.1–6).
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Table 3.1.1– 6.  Wenatchee River spring Chinook salmon population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
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Table 3.1.1– 7.  Wenatchee River spring Chinook salmon population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
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Figure 3.1.1– 8.  Wenatchee River spring Chinook salmon population stock recruitment curves.  Bold points were used in estimating the current productivity.  Data were not adjusted for marine survival.

[image: ]








Figure 3.1.1– 9.  Wenatchee River spring Chinook salmon population stock recruitment curves.  Bold points were used in estimating the current productivity.  Data were adjusted for marine survival.  Function labeled “current” is a Hockey Stick function derived by fixing the slope of the ascending limb at the geometric mean productivity at low to moderate abundance (Table 3.1.1–2) and fitting a capacity estimate to the data series.
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Current Status Assessment – Entiat River Spring Chinook Salmon Population 
The Entiat River spring Chinook salmon population (Figure 3.1.2–1) is one of three extant populations in the North Cascades MPG within the Upper Columbia ESU (ICTRT 2004).  General descriptions of the subbasins and life history characteristics of these populations are provided in the Entiat Subbasin Plan (NPCC 2004) and the Upper Columbia Recovery Plan (UCSRB 2007). 
[image: UCENTchinook-msa-landscape]
Figure 3.1.2– 1.  Entiat River spring Chinook salmon population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Entiat River spring Chinook salmon population as “basic” in size and complexity based on historical habitat potential (Table 3.1.2–1; ICTRT 2007).  A Chinook salmon population classified as basic has a mean minimum abundance threshold criteria of 500 natural-origin spawners with sufficient intrinsic productivity (≥ 1.76 recruits per spawner at the minimum abundance threshold) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Entiat River population to achieve a 1% or less risk (“very low risk”) of extinction over 100 years, productivity would need to be at or greater than 2.20 recruits per spawner at the minimum abundance threshold.  The Entiat River Chinook salmon population has been classified as a type “A” population (based on historic intrinsic potential) because of its simple, linear tributary structure (ICTRT 2007).  
Table 3.1.2– 1.  Entiat River spring Chinook salmon population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	1,083

	Stream lengths km (total) a
	542.7

	Stream lengths km (below natural barriers) a
	245.4

	Branched stream area weighted by intrinsic potential (km2)
	0.422

	Branched stream area km2 (weighted and temp. limited) b
	0.276

	Total stream area weighted by intrinsic potential (km2)
	0.537

	Total stream area weighted by intrinsic potential (km2) temp limited b
	0.377

	Size / Complexity category
	Basic / “A” (simple linear)

	Number of major spawning areas (MaSAs)
	1

	Number of minor spawning areas (MiSAs)
	0


a. All stream segments ≥ 3.8m bankfull width were included.
b. Temperature limited areas were assessed by subtracting area where the mean weekly modeled water temperature was > 22oC.
Current Abundance and Productivity
Current (1960-2003) abundance (number of adult spawners in natural production areas) has ranged from 18 in 1995 to 1,197 in 1964.  Abundance estimates are based on expanded redd counts (relatively complete coverage of temporal and spatial components).  Since 1994, the USFWS has conducted annual surveys of habitats used by spring Chinook for spawning on the mainstem Entiat River (Fox Creek Campground and the McKenzie Diversion Dam - rkm 28.1 to rkm 16.2) and the lower Mad River (rkm 5.2 to 1.5).  Multiple surveys are conducted for each reach throughout the spawning season and the results are described in an annual report series (e.g., Hamstreet and Carie, 2004).  From 1964 to 1994 spring Chinook redd surveys were conducted by the Washington Department of Fisheries in a seven mile index reach (river mile 28.9 to 21.3) in the upper Entiat mainstem.  Annual counts from that series were expanded by applying the average ratio of total redd counts to the original index area redd counts derived from the post 1994 data sets (Beamesderfer et al.1997).  The annual estimates of total redd counts were expanded to total spawners assuming 2.2 spawner per redd (after Beamesderfer, et al. 1997).
Recent year natural spawners include recruits originating from naturally spawning parents and from the Entiat National Fish Hatchery (ENFH) since 1974.  Spawners originating from naturally spawning parents have comprised an average of 58% over the recent (5-year) brood cycle.  The most recent 10-year average contribution of naturally produced returns on the spawning grounds has been 69% (Table 3.1.2–2), ranging from 39%-95%.


[image: ]Abundance in recent years has been highly variable.  The 10-year (1994-2003) geometric mean abundance of natural-origin spawners was 59 (95 for total spawners).  During the period 1960-1999, recruits per spawner (R/S, in terms of spawner to spawner) for spring Chinook salmon in the Entiat River population ranged from 0.16 to 4.58.  The annual R/S estimates were adjusted to reflect the average smolt-to-adult return rate (SAR).  The 20-year (1987-1998) geometric mean productivity was 0.72 R/S, adjusted for SAR and delimited at 75% (375 spawners) of the abundance threshold (Table 3.1.2–2).Figure 3.1.2– 2.  Entiat River spring Chinook salmon population spawner abundance estimates (1960 to 2003).

Table 3.1.2– 2.  Entiat River spring Chinook salmon population abundance and productivity estimates.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	59
	(10-291)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.66
	(0.37-0.95)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (20-year R/S, SAR adjusted & delimited) a
	0.72
	(0.56-0.93)
	

	Productivity (20-year Beverton-Holt fit, SAR adjusted) 
	2.13
	
	0.88

	Trend Statistics (1980-2003)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	0.93
	(0.89-0.98)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	0.92
	(0.71-1.21)
	0.21

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	0.97
	(0.72-1.31)
	0.40


a. Delimited productivity excludes any recruit/spawner pair where the spawner number exceeds the 75% of the size threshold for this population.  This approach attempts to remove density dependence effects that may influence the productivity estimate.
b. Lower end of the 90% CI on productivity is used in evaluating the impact of parameter uncertainty on risk. 
[image: ]Comparison to Viability Curve
Entiat River spring Chinook salmon population is at High Risk based on current abundance and productivity.  The point estimate for abundance and productivity is below the 25% risk curve.

The trend in natural-origin spawner abundance for the Entiat spring Chinook population has been downwards since 1980, dropping at an average rate of approximately 7% per year.  The pattern in time of recent annual returns is generally similar to patterns for the Wenatchee River and the Methow River populations – a steep drop to extremely low abundance levels in the early to mid 1990s followed by a partial rebound to higher levels in the early 2000s (Figure 3.1.2-2).  The proportion of hatchery fish on the spawning grounds has been relatively high in recent years for this population, averaging 66% (Table 3.1.2.-2).  Assuming that hatchery and natural-origin spawners contribute to production at the same rate, the estimated intrinsic population growth rate over the most recent twenty year period has been below replacement (0.92, 0.0% probability of exceeding 1.0).  The estimate of population growth rate is sensitive to the assumption regarding relative hatchery effectiveness at the average level of hatchery-origin spawner proportion observed for the Entiat population.  Setting the relative hatchery effectiveness value to 0.00, reflecting the opposite extreme assumption, results in an estimated average population growth rate of 0.97 (40% probability of exceeding 1.0).Figure 3.1.2– 3.  Entiat River spring Chinook salmon population abundance and productivity (A/P) compared to the ESU viability curve. Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A/P.

Spatial Structure and Diversity
The ICTRT has identified one historical major spawning area (MaSA), the Entiat, and no minor spawning areas (MiSAs) within the Entiat River spring Chinook salmon population (Figure 3.1.2–5).  
Currently, the primary spawning areas used by spring Chinook salmon in the Entiat population are in the mainstem Entiat River (above the Mad River), and below Entiat Falls (WDFW 2003; Hamstreet and Carie 2003, 2004).  The ENFH has released unlisted Carson hatchery-origin spring Chinook salmon into the lower Entiat River annually since 1974.  The program is intended to function as a segregated program to augment harvest, and the broodstock for this program are not part of the Upper Columbia spring Chinook salmon ESU.  Spawning ground surveys in 2002 and 2003 substantiate that some Entiat National Fish Hatchery returns stray and spawn in upstream natural production areas (Hamstreet & Carie 2003, 2004). 
[image: Bar chart showing the proportion of intrinsic potential in the Entiat major spawning area that may be subject to temperature limitations (38%).
]Figure 3.1.2– 4.  Entiat River spring Chinook salmon population proportion of the Entiat MaSA that could potentially have had historical temperature limitations.







Factors and Metrics
A.1.a  Number and spatial arrangement of spawning areas
The Entiat River spring Chinook salmon population has one MaSA (Entiat) and it is currently occupied.  The single MaSA has been occupied during the previous 5 years (1999-2003) and 14 of the last 15 years (Hamstreet & Carie 2004).  The single MaSA had a branched weighted area (0.276 km2) that was 2.8 times the minimum (0.1 km2) necessary for a MaSA (Table 3.1.2–1).  Therefore, the population was classified as moderate risk for this metric, but that risk level is inherent of this small population due to its relatively simple spatial structure.  The Mad River is part of the single MaSA, and its capacity is too low to offer any substantial risk moderation.  
A.l.b.  Spatial extent or range of population
The single MaSA has been occupied during the previous 5 years (1999-2003) and 14 of the last 15 years (Hamstreet & Carie 2004) so the population is at low risk for this metric.  
[image: UCENTchinook-use-landscape]
Figure 3.1.2– 5.  Entiat River spring Chinook salmon population current spawning distribution and spawning area occupancy designations.
A.1.c.  Increase or decrease in gaps or continuities between spawning areas  
The range of spawning distribution has been reduced due to the loss of the lower Entiat River mainstem as spring Chinook salmon spawning habitat.  In recent years, no spring Chinook salmon spawning has been detected below river mile 13, presumably due to degradation of the habitat by channelization and the high abundance of summer/fall Chinook salmon in the lower Entiat River (Hamstreet & Carie 2004).  This reduction in range at the lower end of the spawning distribution increases the gap to adjacent populations by more than 10 km but less than 25 km.  This situation does not fit precisely within one of the risk level categories in Table 3.1.2–8 of the ICTRT guidance document, but is most consistent with a moderate risk rating (ICTRT 2005).  
B.1.a.  Major life history strategies
The Entiat River spring Chinook salmon population is very low risk, because no major life history strategies have been lost.  
B.1.b.  Phenotypic variation
We do not have data available for this metric.  Even if we determined that there was a change to one or more traits we do not know the exact baseline because changes likely occurred before there was biological monitoring.  Therefore, we will assume that there has been some change and increase in variance for two or more traits placing the population at moderate risk.
B.1.c.  Genetic variation  
[bookmark: OLE_LINK2]The Entiat River spring Chinook salmon population was determined to be at high risk for genetic variation due to a persistent homogenization from previous and ongoing fish management efforts.  Microsatellite samples collected in the late 1990s and early 2000s do not show differentiation, suggesting that recent management practices may have disrupted natural gene flow (ICTRT, Population identification draft report, in prep).  The ICTRT genetic subgroup has reviewed the current status of all populations in the interior basin.  The subgroup concluded that the Entiat River population has been homogenized with other Upper Columbia River populations due to past and ongoing hatchery practices.  Their conclusion was based on high similarity to all Upper Columbia River hatchery samples and AMOVA analysis indicating no structure.  It is possible that the true genetic risk metric for this population is lower.  If additional data become available indicating differentiation between and within populations (either genetic data indicating levels of divergence consistent with the time since separation or genetic information showing strong spatial structure), the risk level for this metric could improve to moderate or low risk.
B.2.a.  Spawner composition
(1) Out-of-ESU spawners:  Out-of-ESU hatchery fish averaged 32% (range 18-53%; 31% from ENFH) of the spawning population from 2000-2004 (U.S. Fish and Wildlife Service, unpublished data).  Although five years of data may not be adequate to define the risk level with high certainty, the threat persists due to the propagation of non-local stock from the ENFH and the opportunity for broodstock to migrate past the hatchery and spawn with the natural population.  Therefore, the Entiat River spring Chinook salmon population is high risk with respect to this metric. 
(2) Out-of-MPG spawners from within the ESU:  The Upper Columbia ESU only has one extant MPG, so this metric is not applicable and no score will be given.
(3) Out-of-population spawners from within the MPG:  Out-of-population, but within-ESU (and within-MPG) hatchery fish averaged 11% (range 0-25%) of the spawning population from 2000-2004, with 3 of the 5 years less than 10% (U.S. Fish and Wildlife Service, unpublished data).  Based on the average spawner composition for one generation, the Entiat River spring Chinook salmon population is at moderate risk with respect to this metric.

(4) Within-population hatchery spawners:  There is no supplementation program for spring Chinook salmon in the Entiat basin.  Therefore, this metric is not applicable to the Entiat River spring Chinook salmon population.

The overall rating for the spawner composition metric is high risk due to the threat of out-of-ESU strays spawning naturally in this population.

B.3.a.  Distribution of population across habitat types
The intrinsic potential distribution for Entiat River spring Chinook salmon covered two or three ecoregions, depending on whether a high temperature screen was applied to the historic intrinsic potential distribution (Table 3.1.2–3).  If the temperature screen is applied, the population is at low risk; if the temperature screen is not applied it is at moderate risk due to the loss of one ecoregion (flow diagram on p. 38 of ICTRT 2005).  Due to the uncertainty of the historic suitability of the lower Entiat River for spring Chinook salmon, and because of the extensive use of the lower Entiat River by summer Chinook salmon (a separate ESU), we believe it is most appropriate to use the temperature screen and rate the Entiat population at low risk for this metric.  
[image: UCENTchinook-eco-landscape]
Figure 3.1.2– 6.  Entiat River spring Chinook salmon population spawning distribution across EPA level IV ecoregions.
 
Table 3.1.2– 3.  Entiat River spring Chinook salmon population proportion of current spawning areas across EPA level IV ecoregions.
	Ecoregion
	% of historical branch spawning area (non-temp. limited)
	% of currently occupied spawning area
	% of historical branch spawning area (temp. limited)

	Channeled Scablands
	20.7
	0.0
	0.0

	Chelan Tephra Hills
	78.8
	99.0
	99.1

	Wenatchee/Chelan Highlands
	0.6
	1.0
	0.9



B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population crosses eight dams in the accessible mainstem river in its seaward and spawning migrations.  The hydropower system and associated reservoirs appear to impose some selection on smolt and adult migration timing.  All hydropower effects have persisted for multiple generations and are ongoing; however, the effects on all traits except juvenile migration timing were rated as low.
Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring, as temperatures rise and flows decrease, causing increased travel time, increased energy expenditure and greater physiological stresses.  Given the number of dams that this population must cross, transportation mortality and likely increases in mortality as the season progresses, overall impact on the population is likely moderate.  Heritability of this trait has not been assessed, so we assume a moderate to low heritability.  Therefore the impact of the hydrosystem on this trait is moderate. 
Harvest:  Mainstem fishery harvest rates on returning Upper Columbia River spring Chinook salmon (including the Entiat River population) have ranged from 3.5%-14.8% during the period 1980 to 2005, averaging approximately 10% annually (ODFW 2006; WDFW 2006).  Although some harvest may be size-selective for larger fish, the selective mortality is assumed to affect less than 2% of the population, resulting in a negligible rating for the proportion affected.  There is no in-basin harvest of Entiat River spring Chinook salmon.  Therefore, the harvest selectivity rating was low risk.  
Hatcheries:  There are no hatchery programs in the Entiat River that remove natural-origin spring Chinook salmon; therefore, the population is at very low risk. 
Habitat:  Altered flow profiles and increased temperatures, which have been in place for many generations and are ongoing, have the potential to impose some selection on juvenile and adult migration timing.  The timing and magnitude of altered flow profiles is such that it does not affect run timing for returning adults or out-migrating smolts in the Entiat River basin.  High temperatures in the lower 10 miles of the Entiat River, combined with very few holding pools due to anthropogenic channel straightening, likely excludes spring Chinook salmon from holding and spawning in the lower portions of the Entiat River.  This limitation would likely affect capacity and productivity rather than selecting for or against a specific phenotypic trait.  Thus, selective pressure of habitat changes on phenotypic traits in the Entiat is low.
Juvenile migration timing is rated moderate due to the impacts of hydropower actions.  All other components of the metric are rated low risk for all traits, resulting in an overall low risk rating for this metric.

Spatial Structure and Diversity Summary
The Entiat River spring Chinook salmon population was at moderate risk for goal A (allowing natural rates and levels of spatially mediated processes) but high risk for goal B (maintaining natural levels of variation) resulting in an overall High Risk rating.  The metric for genotypic variation (B.1.c) was directly responsible for the high risk rating and it is likely that additional genetic analysis of natural-origin Entiat River spring Chinook salmon would increase the certainty of this assessment.  For B.1.b. (phenotypic variation), an analysis needs to be conducted that shows that the phenotypic traits of the current population are consistent with the assumed historical condition or with unaltered reference populations in a similar habitat, geologic, and hydrologic setting.  
There was one metric that was rated at high risk related to spawner composition that did not directly reduce the overall risk conclusion, but should be considered a potential threat to both genotypic (B.1.3) and phenotypic variation (B.1.b).  The spawner composition contained a very high proportion of out-of-ESU spawners, primarily from the ENFH.  Although reproductive success of these strays is unknown, it is unlikely that genotypic variation consistent with moderate to low risk can be obtained with continued high proportions of these fish on the spawning grounds.  We recognize that recent hatchery reform actions have discontinued the production of spring Chinook salmon in the Entiat River subbasin that should result in a lower risk rating for this metric.  
Table 3.1.2– 4.  Entiat River spring Chinook salmon population spatial structure and diversity risk rating summary.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	M (0)
	M (0)
	Moderate  Risk
(Mean = 0.33)
	Moderate  Risk
(Mean = 0.33)
	High Risk

	A.1.b
	L (1)
	L (1)
	
	
	

	A.1.c
	M (0)
	M (0)
	
	
	

	B.1.a
	VL (2)
	VL (2)
	High Risk
(-1)
	High Risk (-1)
	

	B.1.b
	M (0)
	M (0)
	
	
	

	B.1.c
	H (-1)
	H (-1)
	
	
	

	B.2.a(1)
	H (-1)
	High Risk 
(-1)
	High Risk 
(-1)
	
	

	B.2.a(2)
	n/a
	
	
	
	

	B.2.a(3)
	M (0)
	
	
	
	

	B.2.a(4)
	n/a
	
	
	
	

	B.3.a
	L (1)
	L (1)
	L (1)
	
	

	B.4.a
	L (1)
	L (1)
	L (1)
	
	


Overall Viability Rating
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]The Entiat River spring Chinook salmon population does not meet viability criteria and the overall viability rating is considered HIGH RISK (Figure 3.1.2–7).  Overall abundance and productivity is rated at High Risk, while overall spatial structure and diversity is also rated at High Risk.  The 10-year geometric mean abundance of natural-origin spawners is 59, which is only 12% of the minimum abundance threshold of 500.  The 20-year geometric mean productivity (0.72 R/S; Table 3.1.2–6) is well below the viability target of 1.76 R/S.  The population cannot achieve any level of viability without improving its status on the viability curve for both abundance and productivity.  Additionally, improvement of the spatial structure and diversity status to moderate risk would be required to allow the Entiat River population to achieve a “viable” status.  Based on the MPG and ESU guidelines, the Entiat River population needs to achieve viable status for its contribution to recovery of the ESU.
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Figure 3.1.2– 7.  Entiat River spring Chinook salmon population risk ratings integrated across the four viable salmonid population (VSP) metrics.  Viability Key: HV – Highly Viable; V – Viable; M – Maintained; HR – High Risk; Shaded cells – not meeting viability criteria (darkest cells are at greatest risk).

Data Summary – Entiat River Spring Chinook Salmon Population
Data type:  Entiat River spring Chinook salmon (without Icicle Creek).  Redd count expansions.  Natural recruits include natural-origin spawners removed as broodstock for short-term supplementation actions.
SAR:	Expanded Chiwawa SAR index

Table 3.1.2– 5.  Entiat River spring Chinook salmon population abundance and productivity data used for curve fits and R/S analysis.  Bold values were used in estimating the current productivity (Table 3.1.2–6).
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Table 3.1.2– 6.  Entiat River spring Chinook salmon population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
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Table 3.1.2– 7.  Entiat River spring Chinook salmon population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
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Figure 3.1.2– 8.  Entiat River spring Chinook salmon population stock recruitment curves.  All available recruits/spawner data from the 20-year series were used in estimating the current productivity.  Data were not adjusted for marine survival.
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Figure 3.1.2– 9.  Entiat River spring Chinook salmon population stock recruitment curves.  All available spawner/recruit data from the 20-year series were used in estimating the current productivity.  Data were adjusted for marine survival.  Function labeled “current” is a Hockey Stick function derived by fixing the slope of the ascending limb at the geometric mean productivity at low to moderate abundance (Table 3.1.1–2) and fitting a capacity estimate to the data series.

[bookmark: _Toc442695858]
Current Status Assessment – Methow River Spring Chinook Salmon Population  
The Methow River spring Chinook salmon population (Figure 3.1.3–1) is one of three extant populations in the North Cascades MPG within the Upper Columbia ESU (ICTRT 2004).  General descriptions of the subbasins and life history characteristics of these populations are provided in the Methow Subbasin Plan (NPCC 2004) and the Upper Columbia Recovery Plan (UCSRB 2006). 
[image: UCMETchinook-msa-landscape]
Figure 3.1.3– 1.  Methow River spring Chinook salmon population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Methow River spring Chinook salmon population as “very large” in size and complexity based on historical habitat potential (Table 3.1.3–1; ICTRT 2007).  A Chinook salmon population classified as very large has a mean minimum abundance threshold criteria of 2,000 natural-origin spawners with sufficient intrinsic productivity (≥ 1.62 recruits per spawner at the minimum abundance threshold) to achieve a 5% or less risk of extinction over a 100-year timeframe.  In order for the Methow River population to achieve a 1% or less risk (“very low risk”) of extinction over 100 years, productivity would need to be at or greater than 2.20 recruits per spawner at the minimum abundance threshold.  The Methow River spring Chinook salmon population was classified as a type “B” population (based on historic intrinsic potential) because it has dendritic tributary structure with multiple major spawning areas (ICTRT 2007). 
Table 3.1.3– 1.  Methow River spring Chinook salmon population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	4,722

	Stream lengths km (total) a
	1,996

	Stream lengths km (below natural barriers) a
	889

	Branched stream area weighted by intrinsic potential (km2)
	1.497

	Branched stream area km2 (weighted and temp. limited) b
	1.310

	Total stream area weighted by intrinsic potential (km2)
	2.036

	Total stream area weighted by intrinsic potential (km2) temp limited b
	1.725

	Size / Complexity category
	Very Large / “B” (dendritic structure)

	Number of major spawning areas (MaSAs)
	4

	Number of minor spawning areas (MiSAs)
	1


a. All stream segments ≥ 3.8m bankfull width were included.
b. Temperature limited areas were assessed by subtracting area where the mean weekly modeled water temperature was > 22oC.
Current Abundance and Productivity
Current (1960-2003) abundance (number of adults spawning in natural production areas) has ranged from 22 in 1995 to 4,282 in 1966 (Figure 3.1.3–2).  Abundance estimates are based on expanded redd counts (relatively complete coverage of temporal and spatial components).
Recent year natural spawners include recruits originating from naturally spawning parents and from the Winthrop National Fish Hatchery (WNFH) since 1941 (continuously since 1974) as well as the Methow Hatchery (designed as a direct natural supplementation program).  Prior to 1996, natural-origin fish constituted 70-96% of spawners in the Methow River.  Spawners originating from naturally spawning parents have comprised an average of 33% over the recent (5-year) brood cycle.  The most recent 10-year average contribution of naturally produced returns on the spawning grounds has been 39% (Table 3.1.3–2), ranging from 8% to 96%.


[image: ]Abundance in recent years has been highly variable.  The 10-year (1994-2003) geometric mean abundance of natural-origin spawners was 180.  During the period 1960-1999, recruits per spawner (R/S, in terms of spawner to spawner) for spring Chinook salmon in the Methow River population ranged from 0.04 to 6.99.  The annual R/S estimates were adjusted to reflect the average smolt-to-adult return rate (SAR).  The 20-year (1987-1998) geometric mean productivity was 0.80 R/S, adjusted for SAR and delimited at 75% (1,500 spawners) of the abundance threshold (Table 3.1.3–2).Figure 3.1.3– 2.  Methow River spring Chinook salmon population spawner abundance estimates (1960 to 2003).

Table 3.1.3– 2.  Methow River spring Chinook salmon population abundance and productivity estimates.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	180
	(20-1694)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.39
	(0.08-0.96)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (20-year R/S, SAR adjusted & delimited) a
	0.80
	(0.52-1.24)
	

	Productivity (20-year Beverton-Holt fit, SAR adjusted) 
	4.61
	
	3.71

	Trend Statistics (1980-2003)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	0.90
	(0.80-1.01)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	0.94
	(0.58-1.53)
	0.36

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	1.02
	(0.59-1.78)
	0.55


a. Delimited productivity excludes any recruit/spawner pair where the spawner number exceeds the 75% of the size threshold for this population.  This approach attempts to remove density dependence effects that may influence the productivity estimate.
b. Lower end of the 90% CI on productivity is used in evaluating the impact of parameter uncertainty on risk. 
[image: ]Comparison to Viability Curve
Methow River spring Chinook salmon population is at High Risk based on current abundance and productivity.  The point estimate for abundance and productivity is below the 25% risk curve.

The Methow River spring Chinook population has exhibited a strong downward trend in natural-origin abundance since 1980 (Table 3.1.3-2), declining at an average rate of approximately 10% per year.  The pattern in returns over time has some similarities with returns to the other two extant Upper Columbia populations – a relatively abrupt drop in the early 1990s to extremely low escapement levels followed by a spike in returns in the early 2000s (Figure 3.1.3-2).  In recent years hatchery returns from releases in the Methow basin (both mitigation program and directed supplementation) have increased dramatically, with hatchery proportions averaging just over 60% on the spawning grounds (Table 3.1.3-2).  Assuming that hatchery-origin and natural-origin spawners contribute to production at the same rate, the estimated intrinsic population growth rate over the most recent twenty year period has been below replacement (0.94, 36% probability of exceeding 1.0).  The estimate of population growth rate is sensitive to the assumption regarding relative hatchery effectiveness at the average level of hatchery-origin spawner proportion observed for the South Fork population.  Setting the relative hatchery effectiveness value to 0.00, reflecting the opposite extreme assumption, results in an estimated average population growth rate of 1.02 (55% probability that the average exceeds 1.0).  Figure 3.1.3– 3.  Methow River spring Chinook salmon population abundance and productivity (A/P) compared to the ESU viability curve. Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A/P.


Spatial Structure and Diversity
The ICTRT has identified four historical major spawning areas (MaSAs) and one minor spawning area (MiSA) within the Methow River population.  The four MaSAs are Chewuch, Upper Methow, Middle Methow, and Twisp.
Currently, the primary spawning areas used by spring Chinook salmon in the Methow River population are the mainstem Methow River (above the Twisp River confluence) and the Twisp and Chewuch Rivers (WDFW 2003; Humling & Snow 2004, 2005).  Additional spawning has been documented in Gold Creek, Wolf Creek, Robinson Creek, Lake Creek, and Early Winters Creek (WDFW 2003; Humling & Snow 2004, 2005).  Hatchery-origin spring Chinook salmon returns to natural spawning areas within the Methow River basin originate from two separate programs.  WNFH has planted spring Chinook salmon in the Methow River basin since 1941 (continuously since 1974).  Beginning in 1998, broodstock for this program was shifted to a Methow composite stock.  Since 1992, the Washington Department of Fish and Wildlife (WDFW) has operated the Methow Hatchery as a central facility to carry out release programs from acclimation facilities in three tributaries within the Methow River – the Methow, Chewuch and Twisp drainages.  Broodstock for the Twisp Hatchery program are collected from returns to the Twisp River system.  In recent years, a composite broodstock has been used for the Chewuch and Methow hatchery releases.  The majority of returns from these programs spawn in their natal watersheds although there has been a relatively high rate of straying among areas within the Methow population. 

[image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  The Chewuch has the greatest proportion of the spawning areas at 40%.  There are small fractions of the Below Twisp minor spawning area that may be subject to temperature limitations.
]
Figure 3.1.3– 4.  Methow River spring Chinook salmon population distribution of intrinsic potential habitat across major (MaSAs) and minor spawning areas (MiSAs).  White bars represent current temperature limited areas that could potentially have had historical temperature limitations.

Factors and Metrics
A.1.a  Number and spatial arrangement of spawning areas
The Methow River spring Chinook salmon population has four MaSAs (Chewuch, Twisp, Upper Methow, and Middle Methow mainstem).  Currently, 3 of the 4 MaSAs meet the ICTRT occupancy definition so it is at low risk.  The MaSA that failed to meet minimum occupancy requirements was the middle Methow River mainstem (between the Chewuch and Twisp River confluences) that only had more than 4 redds in 3 of the last 5 years and 6 of the last 15 years (Humling & Snow 2005).

A.l.b.  Spatial extent or range of population
The Methow River spring Chinook salmon population has four MaSAs (Chewuch, Twisp, Upper Methow, and middle Methow mainstem).  Three of four (75%) of the MaSAs meet the ICTRT occupancy definition, so the population is at low risk for this metric. 
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Figure 3.1.3– 5.  Methow River spring Chinook salmon population current spawning distribution and spawning area occupancy.

A.1.c.  Increase or decrease in gaps or continuities between spawning areas
There has been no increase or decrease in gaps greater than 10 km between MaSAs for the Methow River spring Chinook salmon population so it is at low risk for this metric. 
B.1.a.  Major life history strategies
The Methow River spring Chinook salmon population is very low risk, because no major life history strategies have been lost. 
B.1.b.  Phenotypic variation
We do not have data available for this metric.  Even if we determined that there was a change to one or more traits we do not know what the exact baseline is because changes likely occurred before there was biological monitoring.  Therefore, we will assume that there has been some change and increase in variance for two or more traits placing the population at moderate risk.
B.1.c.  Genetic variation
The Methow River spring Chinook salmon population was determined to be at high risk for genetic variation due to a persistent homogenization from previous fish management efforts.  Analyses based on allozymes collected in the 1980s suggest that there was some differentiation between subpopulations consistent with the level of differentiation expected in that time frame, particularly in the Twisp River drainage.  However, microsatellite samples collected in the late 1990s and early 2000s do not show this same differentiation, suggesting that recent management practices may have disrupted natural gene flow (ICTRT, 2003).  The ICTRT genetic subgroup has reviewed the current status of all populations in the interior basin.  The subgroup concluded that the Methow River population has been homogenized with other Upper Columbia populations due to past practices.  Their conclusion was based on high similarity to all Upper Columbia hatchery samples and AMOVA analysis indicating no structure.  Additionally, the hatchery stocks currently used in the upper Methow and Chewuch hatchery programs still contain a large percentage of Carson hatchery lineage.  In recent years, hatchery-origin spawners from those programs comprise high proportions (40%-98%) of fish on natural spawning grounds within the Methow River (Humling & Snow 2004), representing an ongoing threat to natural genetic variation.  It is possible that the true genetic risk metric for this population is lower.  If additional data become available indicating differentiation between and within populations (either genetic data indicating levels of divergence consistent with the time since separation, robust straying data, or genetic information showing strong spatial structure), the risk level for this metric could improve to moderate or low risk.
B.2.a.  Spawner composition
(1) Out-of-ESU spawners:  In 2003, there was a 1% spawner composition (Humling & Snow 2004) of hatchery fish from outside the population; however, the Methow State Hatchery and the Winthrop National Fish Hatchery are currently propagating a composite stock that has outside-ESU lineage, so the population is at moderate risk for this metric.
(2) Out-of-MPG spawners from within the ESU:  The Upper Columbia ESU only has one extant MPG, so this metric is not applicable and no score will be given.
(3) Out-of-population spawners from within the MPG:  Methow composite (MetComp) hatchery fish contain a high proportion of Carson hatchery stock in their lineage and cannot be considered “best management practices.”  These fish consistently comprise more than 90% of the spawner composition on the spawning grounds (Humling & Snow 2005); therefore, the population is at high risk with respect to this metric. 
(4) Within-population hatchery spawner:  This metric is not applicable because of the high proportion of Carson lineage in the MetComp composite stock that is being propagated for the supplementation program.
The overall spawner composition metric is rated high risk due to the proportion of hatchery-origin strays from out of the population (within-MPG) broodstocks that spawn naturally in this population.

B.3.a.  Distribution of population across habitat types
The intrinsic potential distribution for Methow River spring Chinook salmon covered three ecoregions (Table 3.1.3–4).  Current distribution also encompasses three ecoregions with no losses or substantial shifts in distribution among ecoregions (Table 3.1.3–4).  Therefore, the population was at low risk for this metric.
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Figure 3.1.3– 6.  Methow River spring Chinook salmon population spawning distribution across EPA level IV ecoregions.
Table 3.1.3– 3.  Methow River spring Chinook salmon population proportion of current spawning areas across EPA level IV ecoregions.
	Ecoregion
	% of historical branch spawning area (non-temp. limited)
	% of historical branch spawning area (temp. limited)*
	% of currently occupied spawning area 

	Okanogan Pine/Fir Hills
	44.0
	50.3
	50.4

	Okanogan Valley
	45.4
	37.6
	34.8

	Pasayten/Sawtooth Highlands
	10.6
	12.1
	14.8


*Temperature limited areas were assessed by subtracting area where the mean weekly modeled water temperature was > 22oC.
B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population crosses nine dams in the accessible mainstem river in its seaward and spawning migrations.  The hydropower system and associated reservoirs appear to impose some selection on smolt and adult migration timing.  All hydropower effects have persisted for multiple generations and are ongoing; however, the effects on all traits except juvenile migration timing were rated as low.
Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring, as temperatures rise and flows decrease, causing increased travel time, increased energy expenditure and greater physiological stresses.  Given the number of dams that this population must cross, transportation mortality and likely increases in mortality as the season progresses, overall impact on the population is likely moderate.  Heritability of this trait has not been assessed, so we assume a moderate to low heritability.  Therefore the impact of the hydrosystem on this trait is moderate. 
Harvest:  Mainstem fishery harvest rates on returning Upper Columbia River spring Chinook salmon (including the Methow River population) have ranged from 3.5%-14.8% during the period 1980 to 2005, averaging approximately 10% annually (ODFW 2006; WDFW 2006).  Although some harvest may be size-selective for larger fish, the selective mortality is assumed to affect less than 2% of the population resulting in a negligible rating for the proportion affected.  There is no in-basin harvest of Methow River spring Chinook salmon.  Therefore, the harvest selectivity rating was low risk.  
Hatcheries:  Hatchery broodstock collection has the potential to disproportionately remove fish (of a certain size or timing, for example) from the natural-origin population.  The Methow River hatchery program is operated to provide hatchery fish for harvest and to supplement natural production.  Broodstock are collected at Wells Dam, Methow Hatchery outfall, and the Twisp Weir and is limited to no more than 33% of the natural-origin escapement.  Broodstock are collected representatively so that their run-timing, sex, and age of broodstock mimic that of the total run at Wells Dam.  The broodstock removal does not appear to be selective at the population level and no phenotypic traits appear to be at risk as a result of this activity.  Thus, selection pressure on adult migration timing is negligible so the risk level is low.

Habitat:  Altered flow profiles and increased temperatures, which have been in place for many generations and are ongoing, have the potential to impose some selection on juvenile and adult migration timing.  Due to the lack of temporal overlap between withdrawal effects and juvenile migration timing the selective pressure is low.

Adult migration timing:  Low flow and high temperatures due to water withdrawals in two important MaSAs, the Twisp and Chewuch, effect run timing for late arriving adults.  There is some uncertainty regarding the proportion of the population that is affected and the magnitude of the impact would also be dependent on the natural flow conditions that vary from year to year.  Additionally, some recent improvements in irrigation diversions and efficiencies have increased the quantity of water in the lower Twisp and Chewuch Rivers during the adult migration period (July and August).  However, these are relatively recent fixes and previous activities removed up to 100% of the flow from the lower portions of these rivers.  Therefore, a selective pressure on adult migration has affected a meaningful portion of the population for many generations and is rated as moderate risk.  It is likely that with the recent, ongoing, and planned improvements to the irrigation withdrawal systems in these rivers that the rating could change to low risk in the future.

Two phenotypic traits, juvenile and adult migration timing, each have one moderate rating due to selective impacts.  All other components of the metric are rated low risk for all traits, resulting in an overall low risk rating for this metric.
 


Spatial Structure and Diversity Summary
The Methow River spring Chinook salmon population was determined to be at low risk for goal A (allowing natural rates and levels of spatially mediated processes) but high risk for goal B (maintaining natural levels of variation), resulting in an overall High Risk rating.  The metric for genotypic variation was directly responsible for the high risk rating of Methow River spring Chinook salmon.  For B.1.b. (phenotypic variation) to improve from moderate to low risk, an analysis needs to be conducted that shows that the phenotypic traits of the current population are consistent with the assumed historical condition or with unaltered reference populations in a similar habitat, geologic, and hydrologic setting.  
There was one metric that was rated at high risk related to spawner composition (B.2.a.3.) that did not directly reduce the overall risk conclusion, but should be considered a potential threat to both genotypic (B.1.3) and phenotypic variation (B.1.b).  MetComp hatchery fish contain a high proportion of Carson hatchery stock in their lineage and cannot be considered “within population” hatchery fish for the spawner composition metric.  These fish consistently comprise more than 90% of the spawner composition on the spawning grounds (Humling & Snow 2005).  However, due to the scoring system this high-risk rating was averaged in with other metrics and did not directly cause an increased risk rating. 
Table 3.1.3– 4.  Methow River spring Chinook salmon population spatial structure and diversity risk rating.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	L (1)
	L (1)
	Low Risk
(Mean = 1)
	Low Risk
(Mean = 1)
	High  Risk

	A.1.b
	L (1)
	L (1)
	
	
	

	A.1.c
	L (1)
	L (1)
	
	
	

	B.1.a
	VL (2)
	VL (2)
	High Risk (-1)
	High Risk (-1)
	

	B.1.b
	M (0)
	M (0)
	
	
	

	B.1.c
	H (-1)
	(H-1)
	
	
	

	B.2.a(1)
	M (0)
	High Risk 
(-1)
	High Risk (-1)
	
	

	B.2.a(2)
	N/A
	
	
	
	

	B.2.a(3)
	H (-1)
	
	
	
	

	B.2.a(4)
	N/A
	
	
	
	

	B.3.a
	L (1)
	L (1)
	L (1)
	
	

	B.4.a
	L (1)
	L (1)
	L (1)
	
	





Overall Viability Rating
The Methow River spring Chinook population does not meet viability criteria and the overall viability rating is considered HIGH RISK (Figure 3.1.3–7).  Overall abundance and productivity is rated at High Risk, while overall spatial structure and diversity is also rated at High Risk.  The 10-year geometric mean abundance of natural-origin spawners is 180, which is only 9% of the minimum abundance threshold of 2,000.  The 20-year geometric mean productivity (0.80 R/S; Table 3.1.3–6) is well below the viability target of 1.62 R/S.  The population cannot achieve any level of viability without improving its status on the viability curve for both abundance and productivity.  Additionally, improvement of the spatial structure and diversity status to low risk would be required to allow the Methow River population to achieve a “highly viable” status.  Based on the MPG guidelines, the Methow River population will need to achieve a highly viable status for recovery of the ESU (ICTRT 2005).
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Figure 3.1.3– 7.  Methow River spring Chinook salmon population risk ratings integrated across the four viable salmonid population (VSP) metrics.  Viability Key: HV – Highly Viable; V – Viable; M – Maintained; HR – High Risk; Shaded cells - not meeting viability criteria (darker cells are at greater risk).
	 



Data Summary – Methow River Spring Chinook Salmon Population
Data type:	Methow River spring Chinook salmon (without Icicle Creek).  Redd count expansions.  Natural returns include natural-origin spawners removed as broodstock for short-term supplementation actions.
SAR:		Expanded Chiwawa SAR index

Table 3.1.3– 5.  Methow River spring Chinook salmon population abundance and productivity data used for curve fits and R/S analysis.  Bold values were used in estimating the current productivity (Table 3.1.3–6).
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Table 3.1.3– 6.  Methow River spring Chinook salmon population geometric mean abundance and productivity estimates (values used for current productivity and abundance are sown in boxes).
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Table 3.1.3– 7.  Methow River spring Chinook salmon population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
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1


	75
[image: ]


















Figure 3.1.3– 8.  Methow River spring Chinook salmon population stock recruitment curves.  Bold points were used in estimating the current productivity. Data were not adjusted for marine survival.
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Figure 3.1.3– 9.  Methow River spring Chinook salmon population stock recruitment curves.  Bold points were used in estimating the current productivity. Data were adjusted for marine survival.  Function labeled “current” is a Hockey Stick function derived by fixing the slope of the ascending limb at the geometric mean productivity at low to moderate abundance (Table 3.1.2–2) and fitting a capacity estimate to the data series. 
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Current Status Assessment – Okanogan River Spring Chinook Salmon Population 
The Okanogan River spring Chinook salmon population (Figure 3.1.4–1) was historically a population in the North Cascades MPG within the Upper Columbia ESU (ICTRT 2004).  General descriptions of the subbasins and life history characteristics of these populations are provided in NPCC (2004) or the Upper Columbia Recovery Plan (UCSRB 2007). 
Since the Okanogan is classified as an extirpated population, it has no size or complexity category (Table 3.1.4–1; ICTRT 2007).
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Figure 3.1.4– 1.  Okanogan River spring Chinook salmon major and minor spawning areas.



Table 3.1.4– 1.  Okanogan River spring Chinook salmon population basin statistics.
	Drainage area (km2)
	12,248

	Stream lengths km (total) a
	850.1

	Stream lengths km (below natural barriers) b
	504.9

	Branched stream area weighted by intrinsic potential (km2)
	0.369

	Branched stream area km2 (weighted and temp. limited)
	0.137

	Total stream area weighted by intrinsic potential (km2)
	0.474

	Total stream area weighted by intrinsic potential (km2) temp limited
	0.185

	Size and Complexity category
	n/a

	Number of major spawning areas (MaSAs)
	1

	Number of minor spawning areas (MiSAs)
	3


a. All stream segments ≥ 3.8m bankfull width were included.
b. Temperature limited areas were assessed by subtracting area where the mean weekly modeled water temperature was > 22oC.
Current Abundance and Productivity
Although summer Chinook salmon currently occupy the mainstem Okanogan and Similkameen rivers, there is currently no natural-origin spring Chinook salmon within the Okanogan subbasin.  The Colville Tribes have released Carson Hatchery-stock spring Chinook salmon from Omak Creek and these hatchery-origin fish have returned as adults; however, they are an out-of-ESU stock and there is no evidence of successful reproduction.
In the early 1900s, water development in the Okanogan sub-basin led to rapid declines in spring Chinook salmon stocks.  The two tributaries with the highest spawning potential for spring Chinook salmon, Salmon Creek and Omak Creek, were often left de-watered as a result of irrigation diversions.  These actions severely impacted spring Chinook salmon, since the draw-downs coincided with their spawn timing.  Additionally, Conconully Dam, constructed in 1916, blocked access to Upper Salmon Creek and its tributaries.
Given the small number of extant Upper Columbia River spring Chinook salmon populations, restoring spring Chinook salmon production in the Okanogan basin would contribute to ESU viability.  Restoring production in the Okanogan River would also expand the set of habitat and environmental conditions supporting production for this ESU towards the historical range.



Spatial Structure and Diversity
The ICTRT has identified one historical major spawning area (MaSA) and three minor spawning areas (MiSAs) within the Okanogan River population.  The MaSA is Salmon Creek; the MiSAs are Omak, Tonasket, and Antoine.  Six areas initially designated as MiSAs are not included due to temperature limitations (Figure 3.1.4–2).

No spring Chinook salmon spawning activity is presently occurring within the Okanogan subbasin.  These stocks have been extirpated since the early 1900s.

[image: ]
Figure 3.1.4– 2.  Percentage of historical spawning habitat by major/minor spawning area for the Okanogan River spring Chinook salmon population.  Temperature limited portions are shown in white.



Factors and Metrics
Since the Okanogan River spring Chinook salmon population is extirpated, the spatial structure and diversity metrics for this population are not applicable.  

[image: UCOKAchinook-use-landscape]
Figure 3.1.4– 3.  U.S. portion of the Okanogan River spring Chinook salmon population current spawning distribution and spawning area occupancy designations.

B.1.b.  Phenotypic variation
Not rated; the population is functionally extirpated.

B.1.c.  Genetic variation
Not rated; the population is functionally extirpated.

B.3.a.  Distribution of population across habitat types
Not rated; the population is functionally extirpated.
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Figure 3.1.4– 4.  Distribution of the Okanogan River spring Chinook salmon population area (U.S. portion) across EPA level IV ecoregions.

Table 3.1.4– 2.  Okanogan River spring Chinook salmon population proportion of spawning area across EPA level IV ecoregions.
	Ecoregion
	% of historical branch spawning area (non-temp. limited)
	% of historical branch spawning area (temp. limited)*
	% of currently occupied spawning area 

	Okanogan Drift Hills
	0.9
	0.0
	0.0

	Okanogan Pine/Fir Hills
	16.6
	29.6
	0.0

	Okanogan Valley
	79.5
	62.2
	0.0

	Western Okanogan Semiarid Foothills
	3.1
	8.2
	0.0


*Temperature limited areas were assessed by subtracting area where the mean weekly modeled water temperature was > 22oC.
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[bookmark: _Toc205106057][bookmark: _Toc442695861]Status Summary – Upper Columbia River Steelhead DPS
The Upper Columbia River steelhead distinct population segment (DPS) includes four extant populations of steelhead, all of which are assigned to a single major population group (MPG), the North Cascades (Figure 4–1).  The ICTRT has identified seven additional possible historical populations in this DPS.  Crab Creek, entering the Columbia River between the confluences of the Yakima and Wenatchee rivers, may have historically supported an independent population of Oncorhynchus mykiss dominated by resident production.  Six additional geographic areas (organized into two additional MPGs) above Grand Coulee and Chief Joseph Dams (impassable blocks to anadromous production) were identified as having sufficient habitat to support historical populations (ICTRT 2003, 2005). 
[image: mpg-general-uppercolumbia-ver2]We evaluated the current status of each extant population in the Upper Columbia River steelhead DPS and used those assessments to determine if the extant DPS is currently meeting viability objectives (Table 4–1).  The results of the individual population current status ratings are depicted in Figure 4–2 and the results of those evaluations are summarized in Table 4–1.  The component population assessments are compiled in the following section.  Figure 4– 1.  Upper Columbia River steelhead distinct population segment (DPS) with populations and major population groups (MPGs) identified.

[image: mpg-viability-uppercolumbia]
Figure 4– 2.  Upper Columbia River steelhead distinct population segment (DPS) populations - current status ratings based on ICTRT criteria.  See Table 4–1 for list of Map Population Codes.
[bookmark: Table4_1]
Table 4– 1.  Major population group (MPG) and population status within the Upper Columbia River steelhead DPS.
	Major Population Group (MPG)
	Population
	Map Population Code
	Population Viability Rating
	Does MPG meet Viability Criteria?

	North Cascades MPG
	Wenatchee River
	UCWEN–s
	HIGH RISK
	NO

	
	Entiat River
	UCENT–s
	HIGH RISK
	

	
	Methow River
	UCMET–s
	HIGH RISK
	

	
	Okanogan River
	UCOKA–s
	HIGH RISK
	

	
	Crab Creek
	UCCRC–s
	Functionally extirpated
	




Four populations are contained in the extant Upper Columbia River MPG (North Cascades).  The ICTRT criteria recommend a minimum of three populations within this MPG (DPS) meet the criteria for viability.  Because of the relatively low numbers of extant populations remaining in this DPS, the ICTRT recommends targeting at least two populations to achieve very low risk viability criteria.  At present, all four populations within the extant MPG are rated at High Risk.  Therefore the North Cascades MPG currently does not meet MPG-level viability criteria.
DPS Status: The Upper Columbia River steelhead DPS does not currently meet viability criteria based on the determination that all four populations in the single MPG in the DPS are rated as not meeting ICTRT viability criteria.




[bookmark: _Toc205106058][bookmark: _Toc442695862]
Current Status Summary – North Cascades Steelhead MPG
The results of evaluating the status of the four extant North Cascades steelhead populations (Figure 4.1–1) within the North Cascades MPG are summarized below. 

[image: mpg-options-uppercolumbia]
Figure 4.1– 1.  North Cascades MPG steelhead populations.  See Table 4–1 for Map Population Codes.

The North Cascades steelhead MPG is currently not meeting the ICTRT criteria for MPG viability.  Current status ratings for each extant population in the MPG are compiled in Table 4.1–1 and Figure 4.1–2.  The population-level spatial structure and diversity (SS/D) criteria ratings are summarized for each population within the MPG in Table 4.1–2.  
  

 
Table 4.1– 1.  Viability assessments for Snake River DPS steelhead populations in the Lower Snake River MPG.
	
	Population Level:
Abundance and Productivity
	Population Level:
Spatial Structure and Diversity
	Population Level:    Overall
Viability Rating

	
	Abundance
	Productivity
	Overall A/P
	Goal A
	Goal B
	Overall SS/D
	

	Population
	Extant/
Extinct
	Current Natural Abundance
	Minimum
Threshold
	Current
Estimate (R/S)
	Minimum R/S  @ threshold
	Integrated A/P Risk
	Natural Processes Risk
	Diversity Risk
	Integrated
SS/D Risk
	

	Wenatchee River
	Extant
	559
	1,000
	0.84 (0.87)1
	1.20
	High
	Low
	High
	High
	HIGH RISK

	Entiat River
	Extant
	79
	500
	0.48
(0.82)
	1.35
	High
	Low
	High
	High
	HIGH RISK

	Methow River
	Extant
	289
	1,000
	0.28 (0.49)1
	1.20
	High
	Low
	High
	High
	HIGH RISK

	Okanogan River
	Extant
	95
	750 (U.S. section only)
	0.12
(0.25)
	1.20
	High
	High
	High
	High
	HIGH RISK



All four of the extant Upper Columbia River steelhead populations are rated at High Risk for abundance and productivity (Table 4.1-1).  The estimated productivities for each of the populations fall below 1.0.  The estimates for the Methow and Okanogan populations are extremely low, primarily due to especially high hatchery contribution rates to these two populations.  As an illustration of the potential impacts of long-term hatchery influences on current natural productivity, we calculated intrinsic productivities assuming that hatchery-origin spawners were 30% as effective as natural-origin spawners for the Methow and Wenatchee steelhead population datasets.  With the exception of the Okanogan population, the Upper Columbia populations rated as low risk for spatial structure.

	

	
	Spatial Structure/Diversity Risk

	
	
	Very Low
	Low
	Moderate
	High

	Abundance/
Productivity Risk
	Very Low 
(<1%)
	HV
	HV
	V
	M

	
	Low
 (1-5%)
	V
	V

	V

	M

	
	Moderate
(6 – 25%)
	M
	M
	M
	HR

	
	High
 (>25%)
	HR
	HR
	HR
	HR
Wenatchee 
Entiat
Methow
Okanogan


Figure 4.1– 2.  North Cascades MPG steelhead population risk ratings integrated across the four viable salmonid population (VSP) metrics.  Viability Key: HV – Highly Viable; V – Viable; M – Maintained; HR –High Risk (does not meet viability criteria).
The high risk ratings for SS/D were largely driven by chronic high levels of hatchery spawners within natural spawning areas and lack of genetic diversity among the populations (Table 4.1–2).  The populations in the MPG rated at low or moderate risk for spatial processes criteria—spawners are distributed across a range of habitats within each population, with the exception of the Okanogan population.  The basic major life history patterns (summer A-run type, tributary and mainstem spawning/rearing patterns, and the presence of resident populations and subpopulations) appear to remain.  All of the populations were rated at high risk for current genetic characteristics.  Genetics samples taken in the 1980s indicate little differentiation within populations in the Upper Columbia River DPS.	Comment by Margaret Williams: Add in brief discussion of trends in natural abundance across all populations in this MPG (example previewed at Oct. TRT meeting) Reference to Figure 4.1–3. 


Table 4.1– 2.  Summary of population-level spatial structure and diversity (SS/D) criteria ratings for the North Cascades MPG steelhead populations.  VL – Very Low Risk; L – Low Risk; M – Moderate Risk; H – High Risk.  Spatial distribution, genetics, life history patterns and traits are given weight in compiling overall population SS/D ratings.
	

Population
	Spatial Processes
	Diversity

	
	Structure
	Range
	Gaps
	Life History Patterns
	Pheno Var.
	Genetics
	Spawner Composition
	Ecoregion Distribution 
	Selectivity

	Wenatchee River
	VL
	M
	L
	VL
	M
	H
	H (a.3)
	L
	L

	Entiat River
	M
	L
	L
	VL
	M
	H
	H (a.3)
	L
	L

	Methow River
	VL
	L
	L
	VL
	M
	H
	H (a.3)
	L
	L

	Okanogan River
	H
	H
	H
	VL
	M
	H
	H (a.3)
	L
	L


(a.3):  Due to influence of naturally spawning hatchery-origin fish from out of the population (within-MPG) broodstock.
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Figure 4.1– 3.  North Cascades MPG steelhead population-level spawner abundance (annual total, annual natural-origin, 10-year geometric mean natural-origin).  Note different Y-axis scale for Entiat River.

4.1.1  [bookmark: _Toc442695863]Current Status Assessment – Wenatchee River Summer Steelhead Population
The Wenatchee River summer steelhead population (Figure 4.1.1–1) is one of four extant populations within the North Cascades MPG in the Upper Columbia DPS.  For a general description of the subbasins and life history characteristics of these populations see NPCC (2004) or the Upper Columbia Recovery Plan (2007).  
[image: UCWENsteelhead-msa-landscape]
Figure 4.1.1– 1.  Wenatchee River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Wenatchee River summer steelhead population as “intermediate” in size and complexity based on historical habitat potential (ICTRT 2007).  A steelhead population classified as intermediate has a mean minimum abundance threshold criteria of 1,000 natural-origin spawners with sufficient intrinsic productivity (≥ 1.20 recruits per spawner at the minimum abundance threshold) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Wenatchee River population to achieve a 1% or less risk (“very low risk”) of extinction over 100 years, productivity would need to be at or greater than 1.45 recruits per spawner at the minimum abundance threshold.  Additionally, the Wenatchee River steelhead population was classified as a type “B” population (based on historic intrinsic potential) because of its dendritic tributary structure with multiple major spawning areas (ICTRT 2007).
Table 4.1.1– 1.  Wenatchee River Summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	5,744

	Stream lengths km (total) a
	4,000

	Stream lengths km (below natural barriers) a
	2,468

	Branched stream area weighted by intrinsic potential (km2)
	4.123

	Branched stream area km2 (weighted and temp. limited) b
	3.597

	Total stream area weighted by intrinsic potential (km2)
	5.505

	Total stream area weighted by intrinsic potential (km2) temp limited b
	4.437

	Size / Complexity category
	Intermediate / “B” (dendritic structure)

	Number of major spawning areas (MaSAs)
	7

	Number of minor spawning areas (MiSAs)
	8


a. All stream segments ≥ 3.8m bankfull width were included
b. Temperature limited areas were assessed by subtracting area where the mean weekly modeled water temperature was > 22oC.

Current Abundance and Productivity
Recent (1977 to 2003) natural-origin abundance has ranged from a low of 87 in 1981 to a high of 1,947 in 2002 (Figure 4.1.4–2).  Abundance estimates are based on dam counts apportioned to populations using radio-telemetry data (method described in section 2.1.3).  
[image: ]Abundance in recent years has been variable.  The 10-year (1997-2006) geometric mean abundance of natural-origin spawners was 559.  Spawners originating from naturally spawning parents have comprised an average of 33% of the spawner composition over the most recent brood cycle (2001-2006).  The 10-year average contribution of naturally produced returns on the spawning grounds has been 40%, ranging from 22% to 70%.
During the period 1977-1999, recruits per spawner (R/S, in terms of spawner to spawner) for steelhead in the Wenatchee River subbasin ranged from 0.15 to 0.87.  The annual R/S estimates were adjusted to reflect the average smolt-to-adult return rate (SAR).  Natural productivity estimates are sensitive to relative effectiveness when hatchery fish make up a substantial proportion of parent spawners.  As a sensitivity analysis, the productivity estimates for Upper Columbia steelhead populations were calculated assuming: a) 100% and b) 30% relative effectiveness.  After delimiting to account for potential density dependent effects (limiting analysis to parent escapements less than 750 spawners), the 20-year (1980-1999) geometric mean productivity was 0.84 at 100% hatchery effectiveness and 0.87 at 30% hatchery effectiveness (Table 4.1.4–2).  Figure 4.1.1– 2.  Wenatchee River summer steelhead population spawner abundance estimates (1978-2006).

Table 4.1.1– 2.  Wenatchee River summer steelhead population abundance and productivity estimates.
	Abundance Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	559
	(241 -1947)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.40
	(0.22-0.70)
	

	Productivity Statistics
	Estimate
	(90% CI)
	SE

	20-year intrinsic productivity (hatchery effectiveness = 1.0) a
	0.84
	(0.54 – 1.31)
	0.21

	20-year intrinsic productivity (hatchery effectiveness = 0.3) a
	0.87
	(0.62 – 1.23)
	0.19

	20-year Beverton-Holt fit productivity (hatchery effectiveness = 1.0) 
	0.67
	
	0.39

	20-year Beverton-Holt fit productivity (hatchery effectiveness = 0.3)
	1.50
	
	0.54

	Trend Statistics (1980-2006)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance) 
	1.04
	(1.00-1.11)
	0.98

	Population growth rate (λ): hatchery effectiveness = 1.0
	0.80
	(0.62-1.03)
	0.04

	Population growth rate (λ): hatchery effectiveness = 0.3
	1.07
	(0.83-1.38)
	0.74


 a. Delimited productivity excludes any recruit/spawner pair where the spawner number exceeds 75% of the size threshold for this population.  This approach attempts to remove density dependence effects that may influence the productivity estimates.

[image: ]Comparison to the Viability Curve
The Wenatchee River summer steelhead population is at High Risk based on current abundance and productivity.  Abundance and productivity estimates are below the 25% risk curve.

The trend in annual numbers of natural-origin spawners has been positive since 1980, averaging an increase of 4% per year (Table 4.1.1–2).  The estimated number of hatchery-origin fish reaching spawning areas in the Wenatchee River has also increased over time (Figure 4.1.1–2).  The proportions of hatchery-origin spawners estimated to have contributed to parent escapements since 1980 have been moderately high compared to the other three extant populations in the DPS.  Under the assumption that hatchery and natural-origin parents were equally effective in contributing to brood year natural production for this population (hatchery effectiveness = 1.0), the point estimate of average annual population growth rate was below replacement (0.80).  The associated probability that the actual average value was 1.0 or greater was relatively small at 4%.  An estimate of the geometric mean population growth rate was calculated under the assumption that hatchery returns have not been contributing to natural production (hatchery effectiveness = 0.0).  Under that assumption the calculated geometric mean population growth rate from 1980 to the present was 1.07, with a 74% probability of exceeding 1.0.Figure 4.1.1– 3.  Wenatchee River summer steelhead population abundance and productivity (A/P) compared to the DPS viability curve.  Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A/P.


Spatial Structure and Diversity
The ICTRT defined the Wenatchee River summer steelhead population to encompass the mainstem Columbia River tributaries upstream of Crab Creek, up to and including the Wenatchee River and its tributaries.  The ICTRT has identified seven intrinsic major spawning areas (MaSAs) and eight minor spawning areas (MiSAs) within the Wenatchee River population (Figures 4.1.1–1, 4).  The majority of current spawning identified by the Washington Department of Fish and Wildlife (WDFW) occurs in the Chiwawa River and its tributaries, the Wenatchee River mainstem (above Tumwater Canyon), Nason Creek, and Peshastin Creek (Tonseth and Viola 2003; Murdoch et al. 2004; Tonseth 2004; WDFW unpublished data; WDFW 2003).  Spawning has also been consistently documented in Mission and lower Icicle Creeks, and less frequently in Chiwaukum Creek, Chumstick Creek, the White River, and the Little Wenatchee River (Tonseth and Viola 2003; Murdoch et al. 2004; Tonseth 2004; WDFW unpublished data; WDFW 2003). 
In the Columbia River mainstem tributaries, the U.S. Bureau of Reclamation (USBR) and WDFW have identified spawning in Sand Hollow, Quilomene, Brushy, Skookumchuck and Trinidad Creeks (Lynch Coulee; USBR and WDFW unpublished data).  Additionally, adult steelhead or carcasses have been found in Tarpiscan, Squilchuck, and Tekison Creeks (WDFW unpublished data),
 [image: ]Figure 4.1.1– 4.  Wenatchee River summer steelhead population distribution of intrinsic potential habitat across major (MaSAs) and minor spawning areas (MiSAs).  White bars represent current temperature limited areas that could potentially have had historical temperature limitations.













Factors and Metrics
A.1.a  Number and spatial arrangement of spawning areas
The Wenatchee River summer steelhead population contains seven MaSAs and eight MiSAs.  Efforts to monitor the distribution and abundance of spawning steelhead have been expanded in recent years (2001-2004), but we still do not have comprehensive, long-term datasets to rate this metric for the entire Wenatchee River watershed.  Based on these recent datasets (and agency defined distribution), at least four of the seven MaSAs in the Wenatchee River summer steelhead population are currently occupied, which puts the population at very low risk for this metric. 
A.l.b.  Spatial extent or range of population
Efforts to monitor the distribution and abundance of spawning steelhead have been expanded in recent years (2001-2004), but we still do not have comprehensive, long-term datasets to rate this metric for the entire Wenatchee River watershed.  Based on these recent datasets (and agency defined distribution), at least four of the seven MaSAs in the Wenatchee River summer steelhead population are currently occupied, which puts the population at moderate risk for this metric.  The Icicle Creek MaSA has consistently had redds in the lower two miles, but not within core branch spawning reaches identified by the intrinsic analysis.  Most of these core reaches are located above the Leavenworth National Fish Hatchery (and above the boulder field) where passage has been blocked until recently.  However, the United States Fish and Wildlife Service (USFWS) intend to continue to provide passage during portions of the year that should allow for re-occupation of this MaSA (J. Craig, USFWS, personal communication).  The presence of redds in the White/Little Wenatchee MaSA has been inconsistent in recent years, though this habitat is considered functional with few, if any, primary limiting factors.  The Chumstick MaSA has been blocked by a culvert near the mouth during most years, although a few redds have been observed under certain flow conditions. 
[image: UCWENsteelhead-use-landscape-ver2]
Figure 4.1.1– 5.  Wenatchee River summer steelhead population current spawning distribution and spawning area occupancy designations.

A.1.c.  Increase or decrease in gaps or continuities between spawning areas
Unoccupied MaSAs have not increased the gaps between MaSAs by more than 10 km.  Additionally, unoccupied MiSAs have not increased the gap to neighboring populations by more than 25 km, so the population is at low risk for this metric.
B.1.a.  Major life history strategies
The Wenatchee River summer steelhead population never had a winter run or B-run component and resident O. mykiss are known to occur at various locations in the subbasin (NPCC 2004).  Therefore, the population is at very low risk because no major life history strategies have been lost. 
B.1.b.  Phenotypic variation
We do not have data available for this metric.  Even if we determined that there was a change to one or more traits we do not know what the exact baseline is because changes likely occurred before there was biological monitoring.  Therefore, we will assume that there has been some change and increase in variance for two or more traits placing the population at moderate risk.
B.1.c.  Genetic variation  
The Wenatchee River summer steelhead population was determined to be at high risk for genetic variation due to a persistent homogenization from previous and ongoing fish management efforts.  The genetic signal shows little differentiation between populations with strong similarity to Wells Hatchery; however, all available data are at least 20 years old.  There is a possibility that the true genetic risk metric for this population could be lower.  If additional data become available indicating differentiation between and within populations (either genetic data indicating levels of divergence consistent with the time since separation, robust straying data or genetic information showing strong spatial structure), the risk level for this metric could be downgraded.
B.2.a.  Spawner composition
We do not have estimates of spawner composition for the various MaSAs and MiSAs of the Wenatchee River steelhead population because carcasses cannot be obtained in sufficient numbers from the spawning ground surveys.  However, between 2001 and 2004 an average of 47% (range 30-69%) of the females passing Tumwater Dam were of natural-origin (Tonseth 2004).  This level of hatchery fish on the spawning grounds puts the population at high risk for this metric, regardless of the origin of the hatchery fish.
(1) Out-of-DPS spawners:  We have no data to evaluate the proportion of out of DPS hatchery strays on the spawning grounds of the Wenatchee River population; therefore the default rating is moderate risk.  However, there are no hatchery programs propagating non-local anadromous stock in the DPS and we have no reason to believe that the Wenatchee River summer steelhead population is at an elevated risk level for this metric.  Therefore, when considering future status reviews we may want to consider an alternative measurement location, such as Priest Rapids Dam, to determine risk to the DPS instead of to individual populations.
(2) Out-of-MPG spawners from within the DPS:  The Upper Columbia ESU only has one extant MPG, so this metric is not applicable and no score will be given.
(3) Out-of-population spawners from within the MPG:  We do not have estimates of spawner composition for the various MaSAs and MiSAs of the Wenatchee River steelhead population because carcasses cannot be obtained in sufficient numbers from the spawning ground surveys.  However, between 2001 and 2004 an average of 47% (range 30-69%) of the females passing Tumwater Dam were of natural-origin (Tonseth 2004).  The long term integrated program in the Wenatchee River basin collects fish at Dryden Dam (lower mainstem) and releases them at various locations throughout the upper basin, thereby mixing the progeny from various MaSAs and not encouraging local adaptation within the population.  Additionally, because fish are not reared and acclimated in the Wenatchee River basin this program is not meeting “best management strategies.”  Therefore, the population is at high risk for this metric.
(4) Within-population hatchery spawners:  This metric is not applicable for the Wenatchee River steelhead population because the local hatchery-origin fish were considered not best management strategies for reasons identified in B.2.a(3). 
The overall spawner composition metric is rated high risk due to the potential for hatchery-origin strays from out of the population (within-MPG) to spawn naturally in this population.
B.3.a.  Distribution of population across habitat types
The distribution of intrinsic branches for Wenatchee River summer steelhead covers eight ecoregions, two of which were considered significant (> 10%): Chiwaukum Hills & Lowlands and Wenatchee/Chelan Highlands (Table 4.1.1–3).  Based on current distribution, substantial shifts (>67 %) have not occurred in either of the significant ecoregions; therefore, the population is at low risk for this metric. 
[image: UCWENsteelhead-eco-landscape-ver3]
Figure 4.1.1– 6.  Wenatchee River summer steelhead population spawning distribution across EPA level IV ecoregions.
 
Table 4.1.1– 3.  Wenatchee River summer steelhead population proportion of current spawning areas across EPA level IV ecoregions.
	Ecoregion
	% of historical spawning (non-temp. limited)
	% of currently occupied spawning area (non-temp. limited)

	Channeled Scablands
	7.9
	0.2

	Chiwaukum Hills and Lowlands
	45.8
	56.4

	Loess Islands
	0.1
	0.0

	North Cascades Highland Forests
	7.7
	2.6

	Pleistocene Lake Basins
	0.4
	0.1

	Wenatchee/Chelan Highlands
	30.5
	38.3

	Yakima Folds
	7.4
	2.4

	Yakima  Plateau & Slopes
	0.2
	0.0




B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population crosses seven dams in the accessible mainstem Columbia River in its seaward and spawning migrations.  The hydropower system and associated reservoirs appear to impose some selection on smolt and adult migration timing.  All hydropower effects have persisted for multiple generations and are ongoing.
Adult migration timing:  The lower Columbia River dams establish a thermal barrier in the reservoirs that delays and potentially induces some mortality of migrating adults.  This barrier is diminished later in the migration season.  Because the timing of the barrier varies from year to year and the degree of differential survival is not well understood, we rate the impact as low.  Heritability of this trait is high, so the overall risk rating for this trait is moderate.
Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring, as temperatures rise and flows decrease, causing increased travel time, increased energy expenditure and greater physiological stresses.  Given the number of dams that this population must cross, and likely increases in mortality as the season progresses, overall impact on the population is likely moderate.  Heritability of this trait has not been assessed, so we assume a moderate to low heritability.  Therefore the impact of the hydrosystem on this trait is moderate.
Harvest:  Harvest has the potential to affect migration timing, maturation timing and size.  However, recent harvest rates for A-run steelhead in the Columbia River mainstem are generally less than 10% annually.  Although some harvest may be size-selective for larger fish, the selective mortality would affect less than 2% of the total population.  There is very limited harvest of natural fish in the mainstem and tributaries above Priest Rapids Dam and impacts from the recreational fishery are incidental to hatchery fish harvest.  There does not appear to be any selective mortality as a result of in-basin harvest.  No phenotypic traits appear to be at risk as a result of this activity.
Hatcheries:  Hatchery broodstock collection has the potential to disproportionately remove fish (e.g., of a certain size or timing) from the wild population.  The Wenatchee River Hatchery program is operated to provide hatchery fish for harvest and to supplement natural production. Broodstock are collected at Dryden Dam and limited to no more than 33% of the natural-origin escapement.  Broodstock are collected representatively so that their run-timing, sex, and age of broodstock mimic that of the total run at Dryden Dam.  The broodstock removal does not appear to be selective and no phenotypic traits appear to be at risk as a result of this activity.  The magnitude of selective mortality is likely negligible and thus the risk rating for all traits is low.
Habitat:  Altered flow profiles and increased temperatures, which have been in place for many generations and are ongoing, have the potential to impose some selection on juvenile and adult migration timing; however, the timing and magnitude of altered flow profiles is such that it has a negligible affect on out-migrating smolts in the Wenatchee River basin.  Elevated temperatures and low flow conditions in the Wenatchee River mainstem and several spawning tributaries (Mission, Peshastin, and Chumstick creeks) do overlap temporally with adult steelhead migration during the early portion of the run timing (August-October).  However, there is uncertainty regarding the magnitude of mortality associated with potential delays and the historical run timing into these tributaries.  Given the natural flow patterns in these tributaries it is not likely that meaningful numbers of steelhead would have entered during the low flow periods coinciding with the end of the irrigation season.  Thus, selection pressure on adult and juvenile migration timing is negligible and the risk rating is low.
Other:  A population of Caspian terns in the estuary has been artificially enhanced by a combination of increased habitat (created by dredge spoils) and artificially increased food availability (large-scale releases of hatchery smolts).  These terns appear to exert a size-selective predation pressure that is felt most strongly by the large steelhead smolts.  The rate of predation is highest in May during tern nesting season.  This pressure may affect smolt migration timing.
Juvenile migration timing:  Steelhead smolts pass through the estuary from April to June.  The relatively high predation (10%) on smolts in May could select for earlier and later out-migrants.  However, heritability of this trait has not been assessed, so we assume a moderate to low heritability.  Because this predation occurs at the peak of migration, the impact of this change is low.
Two phenotypic traits, adult and juvenile migration timing, each have one moderate rating due to the selective impact of hydropower actions.  All other components of the metric are rated low risk for all traits, resulting in an overall low risk rating for this metric.


Spatial Structure and Diversity Summary
The Wenatchee River summer steelhead population was at low risk for Goal A (allowing natural rates and levels of spatially mediated processes) but high risk for Goal B (maintaining natural levels of variation) resulting in an overall High Risk rating for spatial structure and diversity.  The metric for genotypic variation was directly responsible for the high risk rating of Wenatchee River summer steelhead.  More recent samples are needed from steelhead from throughout the DPS to confirm this conclusion.  For metric B.1.b. (phenotypic variation), an analysis needs to be conducted that shows that the phenotypic traits of the current population are consistent with the assumed historical condition or with unaltered reference populations in a similar habitat, geologic, and hydrologic setting.  Based on the scoring system, these metrics must be addressed in order for the status of Goal B to improve.
There was one metric that was rated at high risk related to spawner composition that did not directly reduce the overall risk conclusion, but should be considered a potential threat to both genotypic (B.1.3) and phenotypic variation (B.1.b).  We do not have estimates of spawner composition for the various MaSAs and MiSAs of the Wenatchee River steelhead population because carcasses cannot be obtained in sufficient numbers from the spawning ground surveys.  We assumed that most or all of the estimated 47% hatchery fish were from the local-origin program and assessed risk accordingly.  However, due to the difficulty of obtaining carcasses, it might be more appropriate to make the risk rating at the mechanism level, rather than for each metric.  In the future, we may need to consider DPS-level risks for this metric at sampling locations such as Priest Rapids Dam.
Table 4.1.1– 4.  Wenatchee River summer steelhead population spatial structure and diversity risk ratings.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	VL (2)
	VL (2)
	Low Risk
(Mean = 1)
	Low Risk
(Mean = 1)
	High Risk

	A.1.b
	M (0)
	M (0)
	
	
	

	A.1.c
	L (1)
	L (1)
	
	
	

	B.1.a
	VL (2)
	VL (2)
	High Risk (-1)
	High Risk (-1)
	

	B.1.b
	M (0)
	M (0)
	
	
	

	B.1.c
	H (-1)
	H (-1)
	
	
	

	B.2.a(1)
	M (0)
(no data)
	High Risk (-1)

	High Risk (-1)
	
	

	B.2.a(2)
	N/A
	
	
	
	

	B.2.a(3)
	H (-1)
	
	
	
	

	B.2.a(4)
	N/A
	
	
	
	

	B.3.a
	L (1)
	L (1)
	L (1)
	
	

	B.4.a
	L (1)
	L (1)
	L (1)
	
	



Overall Viability Rating
The Wenatchee River summer steelhead population does not meet ICTRT viability criteria and the overall viability rating is considered HIGH RISK (Figure 4.1.1–7).  Of particular concern is the High Risk rating with respect to abundance and productivity.  The population cannot achieve any level of viability without improving its status on the viability curve for both abundance and productivity.  Spatial structure and diversity were also rated as High Risk, primarily due to lack of genotypic variation and a high proportion of hatchery-origin fish on the spawning grounds.  Based on the MPG guidelines, the Wenatchee River population will need to achieve a highly viable status for recovery of the DPS (ICTRT 2007).  Improvement of the spatial structure and diversity status to low or very low risk, along with improvement of the abundance and productivity status to very low risk, would be required for the Wenatchee River population to achieve a “highly viable” status.  
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Figure 4.1.1– 7.  Wenatchee River summer steelhead population risk ratings integrated across the four viable salmonid population (VSP) metrics.  Viability Key: HV – Highly Viable; V – Viable; M – Candidate for Maintained; HR – High Risk; Shaded cells – does not meet viability criteria (darkest cells are at greatest risk).




Data Summary – Wenatchee River Steelhead (100% hatchery effectiveness assumed)
Data type:	Dam counts apportioned by radio-telemetry data (T. Cooney, NOAA Fisheries)
SAR:		Priest Rapids
Table 4.1.1– 5.  Wenatchee River summer steelhead run data (used for curve fits and R/S analysis).  Entries where the effective spawner number is less than 75% of the threshold (1980-2001) are bold.  Assumed hatchery effectiveness = 100%.
[image: ]
Table 4.1.1– 6.  Wenatchee River summer steelhead population geometric mean abundance and productivity estimates.  The current productivity value used in the assessment for this population is boxed.  Assumed hatchery effectiveness = 100%.
[image: ]
Table 4.1.1– 7.  Wenatchee River summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.  Assumed hatchery effectiveness = 100%.
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Figure 4.1.1– 8.  Stock-recruitment curves for the Wenatchee River summer steelhead population.  Data not adjusted for marine survival.  Assumed hatchery effectiveness = 100%.
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Figure 4.1.1– 9.  Stock-recruitment curves for the Wenatchee River summer steelhead population.  Data adjusted for marine survival.  Assumed hatchery effectiveness = 100%.





Data Summary – Wenatchee River Steelhead (30% hatchery effectiveness assumed)
Data type:  Dam counts apportioned by radio-telemetry data (T. Cooney, NOAA Fisheries)
SAR:	Averaged Deschutes, Umatilla, Snake and Upper Columbia River steelhead series
Table 4.1.1– 8.  Wenatchee River summer steelhead run data (used for curve fits and R/S analysis).  Entries where the effective spawner number is less than 75% of the threshold (1980-2001) are bold.  Assumed hatchery effectiveness = 30%.
[image: ]
Table 4.1.1– 9.  Wenatchee River summer steelhead population geometric mean abundance and productivity estimates.  The current productivity value used in the assessment for this population is boxed.  Assumed hatchery effectiveness = 30%.
[image: ]
Table 4.1.1– 10.  Wenatchee River summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.  Assumed hatchery effectiveness = 30%.
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Figure 4.1.1– 10.  Stock-recruitment curves for the Wenatchee River summer steelhead population.  Data not adjusted for marine survival.  Assumed hatchery effectiveness = 30%.
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Figure 4.1.1– 11.  Stock-recruitment curves for the Wenatchee River summer steelhead population.  Data adjusted for marine survival.  Assumed hatchery effectiveness = 30%.

4.1.2  [bookmark: _Toc442695864]Current Status Assessment – Entiat River Summer Steelhead Population
The Entiat River summer steelhead population (Figure 4.1.1–1) is one of four extant populations within the North Cascades MPG in the Upper Columbia DPS.  For a general description of the subbasins and life history characteristics of these populations see NPCC (2004) or the Upper Columbia Recovery Plan (2007).   
[image: UCENTsteelhead-msa-landscape]
Figure 4.1.2– 1.  Entiat River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Entiat River summer steelhead population as “basic” in size and complexity based on historical habitat potential (ICTRT 2007).  A steelhead population classified as basic has a mean minimum abundance threshold criteria of 500 natural-origin spawners with sufficient intrinsic productivity (≥ 1.35 recruits per spawner at the minimum abundance threshold) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Entiat River population to achieve a 1% or less risk (“very low risk”) of extinction over 100 years, productivity would need to be at or greater than 1.68 recruits per spawner at the minimum abundance threshold.  Additionally, the Entiat River steelhead population was classified as a type “A” population (based on historic intrinsic potential) because of its simple spatial structure (ICTRT 2007).
Table 4.1.2– 1.  Entiat River summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	1,326

	Stream lengths km (total) a
	1,037

	Stream lengths km (below natural barriers) a
	461

	Branched stream area weighted by intrinsic potential (km2)
	1.268

	Branched stream area km2 (weighted and temp. limited) b
	0.807

	Total stream area weighted by intrinsic potential (km2)
	1.410

	Total stream area weighted by intrinsic potential (km2) temp limited b
	0.938

	Size / Complexity category
	Basic / “A” (simple linear)

	Number of major spawning areas (MaSAs)
	1

	Number of minor spawning areas (MiSAs)
	1


a. All stream segments ≥ 3.8m bankfull width were included.
b. Temperature limited areas were assessed by subtracting area where the mean weekly modeled water temperature was > 22oC.

Current Abundance and Productivity
Recent (1978 to 2006) natural-origin abundance has been highly variable, ranging from 11 in 1984 to 263 in 2002 (Figure 4.1.1–2).  Abundance estimates are based on dam counts apportioned to populations using radio-telemetry data (method described in section 2.1.3).  
[image: ]The recent 10-year geometric mean abundance of natural-origin spawners was 79.  Spawners originating from naturally spawning parents have comprised an average of 22% over the recent (5-year) brood cycle.  The 10-year average contribution of naturally produced returns on the spawning grounds has been 20%, ranging from 9% to 33%.
For the most recent series of brood years with complete returns (1981-2001), recruits per spawner (R/S, in terms of spawner to spawner) for summer steelhead in the Entiat River subbasin ranged from 0.12 to 6.1.  The annual R/S estimates were adjusted to reflect the average smolt-to-adult return rate (SAR) and were delimited at 75% (375 spawners) of the abundance threshold.  Natural productivity estimates are sensitive to relative effectiveness when hatchery fish make up a substantial proportion of parent spawners.  As a sensitivity analysis, the productivity estimates for Upper Columbia steelhead populations were calculated assuming: a) 100% and b) 30% relative effectiveness.  The 20-year (1981-2001) geometric mean productivity was 0.48 R/S at 100% hatchery effectiveness and 0.82 at 30% hatchery effectiveness (Table 4.1.1–2).Figure 4.1.2– 2.  Entiat River summer steelhead population spawner abundance estimates (1978-2006).

Table 4.1.2– 2.  Entiat River summer steelhead population abundance and productivity estimates.
	Abundance Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	79
	(31-263)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.20
	(0.09-0.33)
	

	Productivity Statistics
	Estimate
	(90% CI)
	SE

	20-year intrinsic productivity (hatchery effectiveness = 1.0) a
	0.48
	(0.32 – 0.72)
	0.23

	20-year intrinsic productivity (hatchery effectiveness = 0.3) a
	0.82
	(0.62-1.08)
	0.23

	20-year Beverton-Holt fit productivity 
	n/a
	
	n/a

	Trend Statistics (1980-2006)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance) 
	1.04
	(1.01-1.12)
	0.98

	Population growth rate (λ): hatchery effectiveness = 1.0
	0.81
	(0.67-0.97)
	0.02

	Population growth rate (λ): hatchery effectiveness = 0.3
	1.05
	(0.82-1.36)
	0.78


a. Delimited productivity excludes any recruit/spawner pair where the spawner number exceeds 75% of the size threshold for this population.  This approach attempts to remove density dependence effects that may influence the productivity estimate.

Comparison to the Viability Curve
[image: ]The Entiat River summer steelhead population is at High Risk based on current abundance and productivity.  The point estimate for the current combination of population abundance and productivity is below the 25% risk curve under the range of possible assumptions regarding relative effectiveness of hatchery spawners. 

On average, the trend in annual numbers of natural-origin spawners has been positive since 1980, averaging an increase of 4% per year (Table 4.1.1–2).  The estimated number of hatchery-origin fish reaching spawning areas in the Entiat River has also increased over time, although some caution is warranted in interpreting hatchery contributions into the Entiat River due to the lack of direct information from spawning ground surveys or tributary traps.  Relatively high numbers of hatchery-origin spawners are estimated to have contributed to parent escapements since 1980.  Under the assumption that hatchery and natural-origin parents were equally effective in contributing to brood year natural production for this population (hatchery effectiveness = 1.0), the point estimate of average annual population growth rate was well below replacement (0.81).  The associated probability that the actual average value was 1.0 or greater was only 2%.  An estimate of the geometric mean population growth rate was calculated under the assumption that hatchery returns have not been contributing to natural production (hatchery effectiveness = 0.0).  Under that assumption the calculated geometric mean population growth rate from 1980 to the present was 1.07, with a 70% probability of exceeding 1.0.Figure 4.1.2– 3.  Entiat River summer steelhead population abundance and productivity (A/P) compared to the DPS viability curve.  Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A/P.




Spatial Structure and Diversity
The ICTRT defined the Entiat River summer steelhead population to encompass the mainstem Columbia River tributaries upstream from the Wenatchee River up to and including the Entiat River and its tributaries.  The ICTRT has identified one major spawning area (MaSA), the Entiat River (including Mad River), and one minor spawning area (MiSA), Swakane Creek.  The Mad River spawning area did not have enough intrinsic potential habitat to be considered a MaSA and was not spatially segregated enough from the Entiat River mainstem spawning area to be considered a separate MiSA.  However, given the small size and simple spatial structure of the Entiat River, the Mad River does represent an important component of the Entiat River spatial structure.  Steelhead spawning is known to occur throughout the Entiat River mainstem, as well as the Mad River and several small tributaries including Tillicum and Roaring creeks (Archibald 2003; Archibald and Johnson 2004, 2005; USFWS unpublished data; WDFW 2003). 
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Factors and MetricsFigure 4.1.2– 4.  Entiat River summer steelhead population distribution of intrinsic potential habitat across major and minor spawning areas.  White bars represent current temperature limited areas that could potentially have had historical temperature limitations.

A.1.a  Number and spatial arrangement of spawning areas
The ICTRT identified one MaSA and one MiSA for the Entiat River summer steelhead population (Figure 4.1.2–3).  The major spawning area is the Entiat and its tributaries, (including the Mad River) and the minor spawning area identified by intrinsic potential was Swakane Creek.  The Entiat MaSA has been occupied in recent years based on agency-defined distribution (WDFW 2003; USFWS and USFS unpublished data).  The single MaSA had a branched weighted stream area that far exceeded (1.267 km2; Table 4.1.2–1) the minimum (0.25 km2) for MaSA status without the temperature screen.  With the temperature screen the remaining area still had nearly 3.2 times (0.807 km2) the minimum for a MaSA.  Therefore, the population was rated at moderate risk for this metric.  However, this risk level is inherent for the Entiat River population since it only had one MaSA historically.
A.l.b.  Spatial extent or range of population
Efforts to monitor the distribution and abundance of spawning steelhead have been initiated and expanded in recent years (2003-2005), but we still do not have comprehensive, long-term datasets to rate this metric for the Entiat River population.  Based on these recent datasets, the single MaSA has been occupied so the population is at low risk for this metric.  
[image: UCENTsteelhead-use-landscape-ver2]
Figure 4.1.2– 5.  Entiat River summer steelhead population current spawning distribution and spawning area occupancy designations.
A.1.c.  Increase or decrease in gaps or continuities between spawning areas
The Entiat River steelhead population is at low risk for this metric; the single MaSA has remained occupied and the unoccupied (or unsurveyed) MiSA (Swakane Creek) has not increased the gap between populations by more than 25 km.  

B.1.a.  Major life history strategies
The Entiat River summer steelhead population never had a winter run or B-run component and resident O. mykiss are known to occur at various locations in the subbasin (NPCC 2004).  Therefore, the population is at very low risk for this metric because no major life history strategies have been lost. 
B.1.b.  Phenotypic variation
We do not have data available for this metric.  Even if we determined that there was a change to one or more traits we do not know what the exact baseline is because changes likely occurred before there was biological monitoring.  Therefore, we will assume that there has been some change and an increase in variance for two or more traits placing the population at moderate risk.
B.1.c.  Genetic variation
The Entiat River summer steelhead population was determined to be at high risk for genetic variation due to a persistent homogenization from previous and ongoing fish management efforts.  The genetic signal shows little differentiation between populations with strong similarity to Wells Hatchery; however, all available data is at least 20 years old.  There is a possibility that the true genetic risk metric for this population is lower.  If additional data become available indicating differentiation between and within populations (either genetic data indicating levels of divergence consistent with the time since separation, robust straying data, or genetic information showing strong spatial structure), the risk level for this metric could be downgraded.
B.2.a.  Spawner composition
(1) Out-of-DPS spawners:  We have no spawning ground data to directly evaluate the proportion of out-of-DPS hatchery strays on the spawning grounds of the Entiat River steelhead population.  However, there are no hatchery programs propagating non-local anadromous stock in the DPS and we have no reason to believe that the Entiat River steelhead population is at an elevated risk level for this metric.  Therefore, when considering future status reviews we may want to consider incorporating information from alternative measurement location (e.g., Priest Rapids Dam) to determine risk to the DPS instead of to individual populations.  Given that out-of-basin hatchery-origin steelhead are known to fall back after straying upstream over hydropower dams, some confirmation of the proportions of strays actually spawning in Upper Columbia River populations would be required. 
(2) Out-of-MPG spawners from within the DPS:  The Upper Columbia River DPS only has one extant MPG, so this metric is not applicable and no score will be given.
(3) Out-of-population spawners from within the MPG:  No direct estimates of hatchery/natural spawner composition of steelhead in the Entiat River basin exist.  Radio-telemetry studies indicate that steelhead spawners in the Entiat River include both natural-origin and hatchery-origin returns.  Run reconstruction based on dam counts and average spawning time distributions of hatchery and natural-origin steelhead among Upper Columbia populations indicate that a high proportion of fish spawning in the Entiat River are of hatchery-origin.  Returns from the Wells and Wenatchee Hatchery programs have been identified in the Entiat River.  Also, large numbers of Wenatchee River hatchery steelhead have been observed at the Wells trap upstream of the Entiat River.  This program raises steelhead at Turtle Rock (Columbia River near the confluence of the Entiat River) and direct-plants them in the Wenatchee River basin with no acclimation.  Therefore, because of these threats we conclude that the Entiat River steelhead population is at high risk for within-MPG hatchery strays.  However, data needs to be collected to verify if these threats are being realized on the spawning grounds of the Entiat River population.
(4) Within-population hatchery spawners:  There is no supplementation program for steelhead in the Entiat River basin and there have been no direct releases of steelhead in the Entiat River since the 1970s (Chapman 1994).  Therefore, this metric is not applicable to the Entiat River summer steelhead population.
The overall spawner composition metric is rated at high risk due to the threat of hatchery-origin strays from out of the population (within-MPG) that spawn naturally in this population.
B.3.a.  Distribution of population across habitat types
The distribution of intrinsic branches for Entiat River summer steelhead covered five ecoregions, two of which were considered significant (>10%; Table 4.1.2–2).  Substantial shifts (>67%) have not occurred in either of the significant ecoregions.  Therefore, the population is at low risk for this metric.
[image: UCENTsteelhead-eco-landscape-ver3]
Figure 4.1.2– 6.  Entiat River summer steelhead population spawning distribution across EPA level IV ecoregions.
Table 4.1.2– 3.  Entiat River summer steelhead population proportion of current spawning areas across EPA level IV ecoregions.
	Ecoregion
	% of historical spawning area (non-temp. limited)
	% of currently occupied spawning area (non-temp. limited)

	Channeled Scablands
	21.0
	7.19

	Chelan Tephra Hills
	71.8
	92.4

	Chiwaukum Hills & Lowlands
	0.7
	0.0

	Loess Islands
	0.3
	0.0

	Wenatchee/Chelan Highlands
	6.3
	0.5




B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population crosses eight dams in the accessible mainstem Columbia River in its seaward and spawning migrations.  The hydropower system and associated reservoirs appear to impose some selection on smolt and adult migration timing.  All hydropower effects have persisted for multiple generations and are ongoing.

Adult migration timing:  The dams establish a thermal barrier in the lower river reservoirs that delays and potentially induces some mortality of early migrating adults.  This barrier is diminished later in the migration season.  Because the timing of the barrier varies from year to year and the degree of differential survival is not well understood, we rate the selection intensity as low.  Heritability of this trait is high, so the overall risk rating for this trait is moderate.  

Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring, as temperatures rise and flows decrease, causing increased travel time, increased energy expenditure and greater physiological stresses.  Given the number of dams that this population must cross, and likely increases in mortality as the season progresses, overall impact on the population is likely moderate.  Heritability of this trait has not been assessed, so we assume a moderate to low heritability.  Therefore the impact of the hydrosystem on this trait is moderate.
Harvest:  Harvest has the potential to affect migration timing, maturation timing and size.  However, recent harvest rates for A-run steelhead in the Columbia River mainstem are generally less than 10% annually.  Although some harvest may be size-selective for larger fish, the selective mortality would affect less than 2% of the total population.  There is very limited harvest of natural fish in the mainstem and tributaries above Priest Rapids Dam and impacts from the recreational fishery are incidental to hatchery fish harvest.  There does not appear to be any selective mortality as a result of in-basin harvest.  No phenotypic traits appear to be at risk as a result of this activity.
Hatcheries:  There are no hatchery activities in the Entiat River Basin that remove natural-origin steelhead for broodstock and steelhead have not been propagated in the Entiat River for several generations.  Therefore, with no recent or ongoing hatchery practices that remove natural-origin Entiat River steelhead there is no selective pressure and the risk level is very low.
Habitat:  Altered flow profiles and increased temperatures, which have been in place for many generations and are ongoing, have the potential to impose some selection on juvenile and adult migration timing.  The timing and magnitude of altered flow profiles is such that it does not affect run timing for out-migrating smolts in the Entiat River Basin.  High temperatures in the lower 10 miles of the Entiat River, combined with very few holding pools due to anthropogenic channel confinement, likely excludes steelhead from pre-spawn holding in the lower portions of the Entiat River during the early portion of the migration timing (August-October).  However, recent improvements in instream flow and habitat conditions have likely corrected a portion of the impact.  Also, there is uncertainty regarding the magnitude of mortality associated with potential delays related to the degraded habitat conditions.  Thus, selective pressure of habitat changes on phenotypic traits in the Entiat is low.
Other:  A population of Caspian terns in the estuary has been artificially enhanced by a combination of increased habitat (created by dredge spoils) and artificially increased food availability (large-scale releases of hatchery smolts).  These terns appear to exert a size-selective predation pressure that primarily impacts the large steelhead smolts.  The rate of predation is highest in May during tern nesting season.  This pressure may affect smolt migration timing.
Juvenile migration timing:  Steelhead smolts pass through the estuary from April to June.  The relatively high predation (10%) on smolts in May could select for earlier and later out-migrants.  However, heritability of this trait has not been assessed, so we assume a moderate to low heritability.  Because this predation occurs at the peak of migration, the impact of this change is low.
Two phenotypic traits, juvenile and adult migration timing, each have one moderate risk rating due to selective impacts of hydropower actions.  All other components of the metric are rated low risk for all traits, resulting in an overall rating of low risk for this metric.


Spatial Structure and Diversity Summary
The Entiat River summer steelhead population was low risk for Goal A (allowing natural rates and levels of spatially mediated processes) and high risk for Goal B (maintaining natural levels of variation) resulting in a High Risk rating for overall spatial structure and diversity.  For Goal B, the metric for genotypic variation was directly responsible for the high risk rating of Entiat River summer steelhead.  For B.1.b. (phenotypic variation), an analysis needs to be conducted that shows that the phenotypic traits of the current population are consistent with the assumed historical condition or with unaltered reference populations in a similar habitat, geologic, and hydrologic setting.  Based on the scoring system, these metrics must be addressed in order for the status of Goal B to improve to low risk.  The spawner composition metric was also rated at high risk due to the proportion of out-of-population (within-MPG) spawners that were hatchery-origin fish (B.2.a.3) from the Wells and Wenatchee hatchery programs.  
Table 4.1.2– 4.  Entiat River summer steelhead population spatial structure and diversity risk rating.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	[bookmark: OLE_LINK1]M (0)
	M (0)
	 Low Risk
(Mean = 0.67)
	Low Risk
(Mean = 0.67)
	High Risk

	A.1.b
	L (1)
	L (1)
	
	
	

	A.1.c
	L (1)
	L (1)
	
	
	

	B.1.a
	VL (2)
	VL (2)
	High Risk
(-1)
	High Risk
	

	B.1.b
	M (0)
	M (0)
	
	
	

	B.1.c
	H (-1)
	H (-1)
	
	
	

	B.2.a(1)
	M (0)
	High Risk 
(-1)
	High Risk (-1)
	
	

	B.2.a(2)
	N/A
	
	
	
	

	B.2.a(3)
	H (-1)
	
	
	
	

	B.2.a(4)
	N/A
	
	
	
	

	B.3.a
	L (1)
	L (1)
	L (1)
	
	

	B.4.a
	L (1)
	L (1)
	L (1)
	
	




Overall Viability Rating
The Entiat River summer steelhead population does not currently meet viability criteria and the overall viability rating is HIGH RISK (Figure 4.1.2–7).  Of particular concern is the High Risk rating with respect to abundance and productivity.  The 10-year geometric mean abundance of natural-origin spawners is 79, which is only 16% of the minimum abundance threshold of 500 spawners.  The 20-year geometric mean productivity (0.48 R/S; Table 4.1.2–6) is well below the viability target of 1.35 R/S.  The population cannot achieve any level of viability without improving its status on the viability curve for both abundance and productivity.  Spatial structure and diversity was also rated at High Risk.  Improvement of the spatial structure and diversity status to moderate risk will be necessary to allow the Entiat River steelhead population to achieve a viable status (in combination with low risk or very low risk for overall abundance and productivity; Figure 4.1.2–7).  Based on the MPG guidelines, the Entiat River steelhead population will need to achieve a viable status for recovery of the DPS (ICTRT 2007).
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Figure 4.1.2– 7.  Entiat River summer steelhead population risk ratings integrated across the four viable salmonid population (VSP) metrics.  Viability Key: HV – Highly Viable; V – Viable; M – Maintained; HR – High Risk; Shaded cells – does not meet viability criteria (darkest cells are at greatest risk).



Data Summary – Entiat River Summer Steelhead Population (100% hatchery effectiveness assumed)
Data type: Dam counts apportioned by radio-telemetry data (T. Cooney, NOAA Fisheries)
SAR:	Averaged Deschutes, Umatilla, Snake and Upper Columbia River steelhead series
Table 4.1.2– 5.  Entiat River summer steelhead run data (used for curve fits and R/S analysis).  Entries where the effective spawner number is less than 75% of the threshold (1980-2001) are bold.  Assumed hatchery effectiveness = 100%.
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Table 4.1.2– 6.  Entiat River summer steelhead population geometric mean abundance and productivity estimates.  The current productivity value used in the assessment for this population is boxed.  Assumed hatchery effectiveness = 100%.
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Table 4.1.2– 7.  Entiat River summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.  Assumed hatchery effectiveness = 100%.
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Figure 4.1.2– 8.  Stock-recruitment curves for the Entiat River summer steelhead population – data not adjusted for marine survival.  Assumed hatchery effectiveness = 100%.
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Figure 4.1.2– 9.  Stock-recruitment curves for the Entiat River summer steelhead population.  Data adjusted for marine survival.  Assumed hatchery effectiveness = 100%.  Function labeled “current” is a Hockey Stick function derived by fixing the slope of the ascending limb at the geometric mean productivity at low to moderate abundance (Table 4.1.1–2) and fitting a capacity estimate to the data series.




Data Summary – Entiat River Summer Steelhead Population (30% hatchery effectiveness assumed)
Data type:  Dam counts apportioned by radio-telemetry data (T. Cooney, NOAA Fisheries)
SAR: Priest Rapids
Table 4.1.2– 8.  Entiat River summer steelhead run data (used for curve fits and R/S analysis).  Entries where the effective spawner number is less than 75% of the threshold (1980-2001) are bold.  Assumed hatchery effectiveness = 30%.
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Table 4.1.2– 9.  Entiat River summer steelhead population geometric mean abundance and productivity estimates.  The current productivity value used in the assessment for this population is boxed.  Assumed hatchery effectiveness = 30%.
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Table 4.1.2– 10.  Entiat River summer steelhead population stock-recruitment curve fit parameter estimates. Biologically unrealistic or highly uncertain values are highlighted in grey.  Assumed hatchery effectiveness = 30%.
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Figure 4.1.2– 10.  Stock-recruitment curves for the Entiat River summer steelhead population – data not adjusted for marine survival.  Assumed hatchery effectiveness = 30%.
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Figure 4.1.2– 11.  Stock-recruitment curves for the Entiat River summer steelhead population – data adjusted for marine survival.  Assumed hatchery effectiveness = 30%.  Function labeled “current” is a Hockey Stick function derived by fixing the slope of the ascending limb at the geometric mean productivity at low to moderate abundance (Table 4.1.1–2) and fitting a capacity estimate to the data series.




4.1.3  [bookmark: _Toc442695865]
Current Status Assessment – Methow River Summer Steelhead Population 
The Methow River summer steelhead population (Figure 4.1.3–1) is one of four extant populations within the North Cascades MPG in the Upper Columbia DPS.  For a general description of the subbasins and life history characteristics of these populations see NPCC (2004) or the Upper Columbia Recovery Plan (2007).  
[image: UCMETsteelhead-msa-landscape]
Figure 4.1.3– 1.  Methow River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Methow River summer steelhead population as “intermediate” in size and complexity based on historical habitat potential (ICTRT 2007).  A steelhead population classified as intermediate has a mean minimum abundance threshold criteria of 1,000 natural-origin spawners with sufficient intrinsic productivity (≥ 1.20 recruits per spawner at the minimum abundance threshold) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Methow River population to achieve a 1% or less risk (“very low risk”) of extinction over 100 years, productivity would need to be at or greater than 1.45 recruits per spawner at the minimum abundance threshold.  Additionally, the Methow River steelhead population was classified as a type “B” population (based on historic intrinsic potential) because it has dendritic tributary structure with multiple major spawning areas (ICTRT 2007).
Table 4.1.3– 1.  Methow River summer steelhead basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	4,936

	Stream lengths km (total) a
	3,568

	Stream lengths km (below natural barriers) a
	1,212

	Branched stream area weighted by intrinsic potential (km2)
	4.143

	Branched stream area km2 (weighted and temp. limited) b
	3.649

	Total stream area weighted by intrinsic potential (km2)
	5.326

	Total stream area weighted by intrinsic potential (km2) temp limited b
	4.104

	Size / Complexity category
	Intermediate / “B” (dendritic structure)

	Number of major spawning areas (MaSAs)
	5

	Number of minor spawning areas (MiSAs)
	5


a. All stream segments ≥ 3.8m bankfull width were included.
b. Temperature limited areas were assessed by subtracting area where the mean weekly modeled water temperature was > 22oC.


Current Abundance and Productivity
[image: ]Recent (1977 to 2006) natural-origin abundance has ranged from a low of 3 spawners in 1979 to a high of 645 in 2004 (Figure 4.1.3–2).  Abundance estimates are based on dam counts apportioned to populations using radio-telemetry data (method described in section 2.1.3).  
Abundance in recent years has been highly variable.  The 10-year geometric mean abundance of natural-origin spawners was 289 (Table 4.1.3–2).  The 10-year average contribution of naturally produced returns on the spawning grounds was 10%, ranging from 3% to 14%.  The most recent brood cycle has averaged only 11% natural-origin spawners.Figure 4.1.3– 2.  Methow River summer steelhead population spawner abundance estimates (1977-2006).

For brood years 1977-2000, recruits per spawner (R/S, in terms of spawner to spawner) for summer steelhead in the Methow River subbasin ranged from 0.09 to 1.13.  The annual R/S estimates were adjusted to reflect the average smolt-to-adult return rate (SAR) and were delimited at 75% (750 spawners) of the abundance threshold.  Natural productivity estimates are sensitive to relative effectiveness when hatchery fish make up a substantial proportion of parent spawners.  As a sensitivity analysis, the productivity estimates for Upper Columbia steelhead populations were calculated assuming: a) 100% and b) 30% relative effectiveness.  The 20-year (1981-2000) geometric mean productivity was 0.28 at 100% hatchery effectiveness (Table 4.1.3–2).  To illustrate the potential impact of long-term chronically high levels of hatchery adapted spawners on aggregate natural productivity levels for the Methow River population, we estimated a geometric mean productivity of 0.49, generated assuming that hatchery-origin spawners contribute at 30% relative effectiveness (Table 4.1.3–2).
Table 4.1.3– 2.  Methow River summer steelhead population abundance and productivity estimates.
	Abundance Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	289
	(68 – 645)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.10
	(0.03 – 0.14)
	

	Productivity Statistics
	Estimate
	(90% CI)
	SE

	20-year intrinsic productivity (hatchery effectiveness = 1.0) a
	0.28
	(0.17 – 0.46)
	0.29

	20-year intrinsic productivity (hatchery effectiveness = 0.3) a
	0.49
	(0.38 – 0.67)
	0.14

	20-year Beverton-Holt fit productivity (hatchery effectiveness = 1.0) a
	n/a
	
	n/a

	20-year Beverton-Holt fit productivity (hatchery effectiveness = 0.3) a
	0.50
	
	0.06

	Trend Statistics (1980-2006)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance) 
	1.07
	(1.03 – 1.14)
	1.00

	Population growth rate (λ): hatchery effectiveness = 1.0
	0.67
	(0.56 –  0.81)
	0.00

	Population growth rate (λ): hatchery effectiveness = 0.3
	1.09
	(0.83 – 1.43)
	0.78


a. Delimited productivity excludes any spawner/return pair where the spawner number exceeds 75% of the threshold.  This approach attempts to remove density dependence effects that may influence the productivity estimate.

Comparison to the Viability Curve
[image: ]The Methow River summer steelhead population is at High Risk with respect to abundance and productivity.  Point estimates for abundance and productivity fall below the 25% risk curve.

The trend in annual numbers of natural-origin spawners has been positive since 1980, averaging an increase of 7% per year (Table 4.1.3–2).  However, as described above, the levels of natural production remain extremely low for this population.  The estimated number of hatchery-origin fish reaching spawning areas in the Methow River has also increased over time (Figure 4.1.3–2).  The proportions of hatchery-origin spawners estimated to have contributed to parent escapements since 1980 have been extremely high.  Under the assumption that hatchery and natural-origin parents were equally effective in contributing to brood year natural production for this population (hatchery effectiveness = 1.0), the point estimate of average annual population growth rate was 0.67, one of the lowest values calculated for an Interior Columbia River basin steelhead population.  The associated probability that the actual average value was 1.0 or greater was 0.0%.  An estimate of the geometric mean population growth rate was calculated under the assumption that hatchery returns have not been contributing to natural production (hatchery effectiveness = 0.0).  Under that assumption, the calculated geometric mean population growth rate from 1980 to the present was 1.09, with a 78% probability of exceeding 1.0.  Figure 4.1.3– 3.  Methow River summer steelhead population abundance and productivity (A/P) compared to the DPS viability curve.  Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A/P.








 Spatial Structure and Diversity
The ICTRT defined the Methow River summer steelhead population to encompass the mainstem Columbia River tributaries upstream of the Entiat River, up to and including the Methow River and all its tributaries within the subbasin.  The ICTRT intrinsic potential analysis identified five major spawning areas (MaSAs) and five minor spawning areas (MiSAs) within the Methow River steelhead population (Figures 4.1.3–1, 4).  The majority of current spawning identified by the Washington Department of Fish and Wildlife (WDFW) occurs in the Twisp, Upper Methow mainstem, Chewuch, and Beaver Creek sub-watersheds (Jateff & Snow 2002; Humling and Snow 2004; WDFW 2003).  Spawning has also been observed in the middle and lower mainstem Methow River, Chelan River, Lost River, as well as Gold, Libby, Wolf, and Early Winters Creeks (WDFW 2003). 
[image: ]
Figure 4.1.3– 4.  Methow River summer steelhead population distribution of intrinsic potential habitat across major and minor spawning areas.  White bars represent current temperature limited areas that could potentially have had historical temperature limitations.
Factors and Metrics
A.1.a  Number and spatial arrangement of spawning areas
The ICTRT intrinsic potential analysis identified five major spawning areas (MaSAs) and five minor spawning areas (MiSAs) for the Methow River steelhead population (Figures 4.1.3–4, 5).  Efforts to monitor the distribution and abundance of spawning steelhead have been initiated and expanded in recent years (2001-2005), but we still do not have comprehensive, long-term datasets to rate this metric for the Methow River steelhead population.  However, based on recent spawning ground surveys, all five MaSAs were occupied in the upper and lower halves from 2001-2004.  Based on these surveys and agency-defined distribution, all of the MaSAs are occupied (as well as more than half of the MiSAs) putting the Methow River steelhead population at very low risk for this metric.  
A.l.b.  Spatial extent or range of population
Based on agency-defined distribution, all five of the MaSAs are occupied (along with at least half of the MiSAs) putting the steelhead population at low risk for this metric.  Efforts to monitor the distribution and abundance of spawning steelhead have been initiated and expanded in recent years (2001-2005), but we still do not have comprehensive, long-term datasets to rate this metric for the Methow River population.  However, based on recent spawning ground surveys, all five MaSAs were occupied in the upper and lower halves from 2001-2004, with the lowest average of 41 redds (2002-2004) occurring in Beaver Creek (Snow 2003; Humling and Snow 2004).  Based on fish trapped at Wells Dam, natural-origin fish comprised approximately 10% of the population.  Additionally, the survey estimates do not separate out hatchery-origin fish; therefore it is possible that there were few natural-origin steelhead present in Beaver Creek in 2003.
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Figure 4.1.3– 5.  Methow River summer steelhead population current spawning distribution and spawning area occupancy designations.
A.1.c.  Increase or decrease in gaps or continuities between spawning areas
The Methow River steelhead population is at low risk for this metric because all of the MaSAs are occupied (no gaps) and unoccupied MiSAs have not increased gaps to adjacent populations by more than 25 km.  However, several of the MiSAs appear to not be occupied (or have not been formally surveyed) based on recent redd surveys conducted by WDFW (Snow 2003; Humling and Snow 2004).  Although two redds were located in Gold Creek in 2003, no redds were found there in 2002 or 2004 and no redds were found in Black Canyon Creek in 2004 (Snow 2003; Humling and Snow 2004).  We are not aware of any surveys in McFarland or French creeks and they were not considered potential habitat based on agency-defined distribution.  However, French Creek is included in a rotating panel design and will be surveyed once every five years starting in 2006 (Humling and Snow 2004).

B.1.a.  Major life history strategies
The Methow River summer steelhead population has never had a winter run or B-run component, and resident O. mykiss are known to occur at various locations in the subbasin (NPCC 2004).  Therefore, the population is at very low risk for this metric because no major life history strategies have been lost. 
B.1.b.  Phenotypic variation
We do not have data available for this metric.  Even if we determined that there was a change to one or more traits, we do not know what the exact baseline is because changes likely occurred before there was biological monitoring.  Therefore, we will assume that there has been some change and an increase in variance for two or more traits, placing the population at moderate risk.
B.1.c.  Genetic variation 
The Methow River summer steelhead population was determined to be at high risk for genetic variation due to a persistent homogenization from previous and ongoing fish management efforts.  The genetic signal shows little differentiation between populations with strong similarity to Wells Hatchery; however, all available data are at least 20 years old.  There is a possibility that the true genetic risk metric for this population should be lower.  If additional data become available that indicate differentiation between and within populations (genetic data indicating levels of divergence consistent with the time since separation, robust straying data or genetic information showing strong spatial structure), the risk level for this metric could be downgraded.
B.2.a.  Spawner composition
(1) Out-of-DPS spawners:  The Methow River steelhead population is at low risk since there is no evidence of non-local (outside the DPS) hatchery fish passing Wells Dam (K. Truscott, Washington Department of Fish & Wildlife, personal communication).  
(2) Out-of-MPG spawners from within the DPS:  The Upper Columbia River DPS only has one extant MPG, so this metric is not applicable and no score will be given.
(3) Out-of-population spawners from within the MPG:  We do not have estimates of spawner composition for the various MaSAs and MiSAs of the Methow River steelhead population because carcasses cannot be obtained in sufficient numbers from the spawning ground surveys.  However, in 2004 only 9.5 % of the steelhead passing Wells Dam were natural-origin (Humling and Snow 2004).  This is similar to the proportion of natural-origin fish from previous years (K. Truscott, personal communication).  This high proportion of hatchery-origin spawners would result in high risk, regardless of whether or not the program was considered “best management practices.”  However, the program was not considered best management practices because adult steelhead are trapped at Wells Dam (mainstem Columbia River) and they could have originated from any of the MaSAs within the Methow River or from the Okanogan River.  Additionally, steelhead releases occur at various locations throughout the Methow and Okanogan rivers, thereby mixing the progeny from various MaSAs of two independent populations and not encouraging local adaptation within the population or between the Methow and Okanogan populations.  
Additionally, although the Wells Hatchery program does use natural-origin fish, the National Marine Fisheries Service Biological Opinion (NMFS 2002) restricts the broodstock to no more than 33% natural-origin fish, regardless of the run size.  This constraint limits the opportunity to meet production requirements with all natural-origin fish during years of high abundance, a practice that would reduce the genetic risk of the hatchery program.
Finally, there have been high numbers of steelhead from the Wenatchee River population observed passing Wells Dam, presumably because they are reared on the Columbia River at the Turtle Rock facility before direct release with no acclimation into the Wenatchee River (K. Truscott, personal communication).  There is currently no way to determine if Wenatchee River steelhead are present in the spawning grounds of the Methow River basin and efforts to monitor this risk need to be conducted.  
Therefore, the Methow River steelhead population rates at high risk due to: (a) the extremely high proportion of hatchery fish passing Wells Dam; (b) the mixing of fish from the Methow and Okanogan rivers in the broodstock; (c) the release of smolts into the Methow River that potentially originate from Okanogan parents; and (d) the threat posed by strays from the Wenatchee River population.  
(4) Within-population hatchery spawners:  No score will be given for this metric because the Wells Hatchery stock was rated for metric B.2.a.(3); therefore this metric is not applicable.  The Wells Hatchery program mixes adults from the Methow and Okanogan rivers and therefore does not meet best management practices.
The overall spawner composition metric is rated at high risk due to the proportion of fish from out of the population (within-MPG) that spawn naturally in the Methow River population.
B.3.a.  Distribution of population across habitat types
The distribution of intrinsic branches for Methow River summer steelhead covered four ecoregions, three of which were considered significant (>10%; Table 4.1.3–3).  Substantial shifts (>67%) have not occurred in any of the three ecoregions (Pasayten/Sawtooth Highlands); therefore, the population is at low risk for this metric.  The distribution shift that occurred in the Pasayten/Sawtooth Highlands Ecoregion (65%) was very close to a “substantial shift”; however, the low risk rating is likely still appropriate since this was the smallest of the three major ecoregions.  Additionally, the majority of the currently unoccupied habitat in the Pasayten/Sawtooth Highlands ecoregion is in the Upper Twisp, Upper Methow, and Upper Chewuch where the habitat is in relatively pristine condition and there are few to no anthropogenic effects limiting spatial structure in these areas.
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Figure 4.1.3– 6.  Methow River summer steelhead population spawning distribution across EPA level IV ecoregions.

Table 4.1.3– 3.  Methow River summer steelhead population proportion of current spawning areas across EPA level IV ecoregions.
	Ecoregion
	% of historical spawning area (non-temp. limited)
	% of currently occupied spawning area (non-temp. limited)

	North Cascades Highland Forests
	0.1
	0.0

	Okanogan Pine/Fir Hills
	37.1
	34.4

	Okanogan Valley
	46.3
	59.8

	Pasayten/Sawtooth Highlands
	16.5
	5.8




B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population crosses nine dams in the accessible mainstem Columbia River in its seaward and spawning migrations.  The hydropower system and associated reservoirs appear to impose some selection on smolt and adult migration timing.  All hydropower effects have persisted for multiple generations and are ongoing.

Adult migration timing:  The lower Columbia River dams establish a thermal barrier in the reservoirs that delays and potentially induces some mortality of migrating adults.  This barrier is diminished later in the migration season.  Because the timing of the barrier varies from year to year and the degree of differential survival is not well understood, we rate the impact as low.  Heritability of this trait is high, so the overall risk rating for this trait is moderate. 

Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring, as temperatures rise and flows decrease, causing increased travel time, increased energy expenditure and greater physiological stresses.  Given the number of dams that this population must cross, and likely increases in mortality as the season progresses, overall impact on the population is likely moderate.  Heritability of this trait has not been assessed, so we assume a moderate to low heritability.  Therefore the impact of the hydrosystem on this trait is moderate.
Harvest:  Harvest has the potential to affect migration timing, maturation timing and size.  However, recent harvest rates for A-run steelhead in the Columbia River mainstem are generally less than 10% annually.  Although some harvest may be size-selective for larger fish, the selective mortality would affect less than 2% of the total population.  There is very limited harvest of natural fish in the mainstem and tributaries above Priest Rapids Dam and impacts from the recreational fishery are incidental to hatchery fish harvest.  There does not appear to be any selective mortality as a result of in-basin harvest.  No phenotypic traits appear to be at risk as a result of this activity.  The risk rating is low for all traits.
Hatcheries:  Hatchery broodstock collection has the potential to disproportionately remove fish (e.g., of a certain size or timing) from the natural-origin population.  The Methow River hatchery programs are operated to provide hatchery fish for harvest and to supplement natural production.  Broodstock collected at Wells Dam can only comprise of up to 33% natural-origin fish, and is limited to no more than 33% of the natural-origin escapement.  Broodstock are collected representatively so that the run-timing, sex, and age of broodstock mimic that of the total run at Wells Dam.  The broodstock removal does not appear to be selective at the population level and no phenotypic traits appear to be at risk as a result of this activity.  Thus, selection pressure is negligible on adult migration timing and thus the risk level is low.
Habitat:  Altered flow profiles and increased temperatures, which have been in place for many generations and are ongoing, have the potential to impose some selection on juvenile and adult migration timing.  Due to the lack of temporal overlap between withdrawal effects and juvenile migration timing the selective pressure was considered negligible.  Low flow and high temperatures due to water withdrawals in two important MaSAs, the Twisp and Chewuch, could affect run timing for early arriving adults.  There is uncertainty regarding the proportion of the population that is affected and the magnitude of the impact would also be dependent on the natural flow conditions that fluctuate each year.  Additionally, some recent improvements in irrigation diversions and efficiencies have increased the quantity of water in the lower Twisp and Chewuch Rivers during the adult migration period (late August-October).  However, these are relatively recent fixes and previous activities removed up to 100% of the flow from the lower portions of these rivers.  Conservation of current flow levels and continued improvements in instream flow and temperatures will be important in avoiding higher risk levels for this metric in the future.  Selection pressure on all phenotypic traits was considered negligible so the overall risk level was low.
Other:  A population of Caspian terns in the estuary has been artificially enhanced by a combination of increased habitat (created by dredge spoils) and artificially increased food availability (large-scale releases of hatchery smolts).  These terns appear to exert a size-selective predation pressure that is felt most strongly by the large steelhead smolts.  The rate of predation is highest in May during tern nesting season.  This pressure may affect smolt migration timing.
Juvenile migration timing:  Steelhead smolts pass through the estuary from April to June.  The relatively high predation (10%) on smolts in May could select for earlier and later out-migrants.  However, heritability of this trait has not been assessed, so we assume a moderate to low heritability.  Because this predation occurs at the peak of migration, the impact of this change is low.
Two phenotypic traits, adult and juvenile migration timing, each have one moderate rating due to the selective impact of hydropower actions.  All other components of the metric are rated low risk for all traits, resulting in an overall low risk rating for this metric.



Spatial Structure and Diversity Summary
The Methow River summer steelhead population was at low risk for Goal A (allowing natural rates and levels of spatially mediated processes) and high risk for Goal B (maintaining natural levels of variation), resulting in a High Risk rating for overall spatial structure and diversity.  For Goal B, the metric for genotypic variation was directly responsible for the high risk rating of Methow River summer steelhead.  For B.1.b. (phenotypic variation), an analysis needs to be conducted that shows that the phenotypic traits of the current population are consistent with the assumed historical condition or with unaltered reference populations in a similar habitat, geologic, and hydrologic setting.  Based on the scoring system, these metrics must be addressed in order for the status of Goal B to improve to low risk.  
The spawner composition metric was also rated at high risk due to the proportion of out-of-population (within-MPG) spawners that were hatchery-origin fish (B.2.a.3).  There were several factors that contributed to this high risk rating even though we did not have data that directly measured the origin of adults on the spawning grounds.  These risks included the extremely high proportion of hatchery fish passing Wells Dam (~90%), the mixing of Methow and Okanogan fish in the broodstock, the release of smolts into the Methow River that potentially originated from Okanogan parents, and the threat from the high number of steelhead from the Wenatchee River passing Wells Dam.  It is likely that genotypic and phenotypic variation have been influenced by past hatchery practices and that it will be difficult to achieve low risk levels for metrics B.1.b (phenotype) and B.1.c (genotype) given the continued threats outlined in metric B.2.a. (spawner composition).
Table 4.1.3– 4.  Methow River summer steelhead population spatial structure and diversity risk rating.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	VL (2)
	VL (2)
	Low Risk
(Mean = 1.33)
	Low Risk
(Mean = 1.33)
	High Risk

	A.1.b
	L (1)
	L (1)
	
	
	

	A.1.c
	L (1)
	L (1)
	
	
	

	B.1.a
	VL (2)
	VL (2)
	High Risk (-1)
	High Risk
	

	B.1.b
	M (0)
	M (0)
	
	
	

	B.1.c
	H (-1)
	H (-1)
	
	
	

	B.2.a(1)
	L (1)
	High Risk 
(-1)
	High Risk (-1)
	
	

	B.2.a(2)
	N/A
	
	
	
	

	B.2.a(3)
	H (-1)
	
	
	
	

	B.2.a(4)
	N/A
	
	
	
	

	B.3.a
	L (1)
	L (1)
	L (1)
	
	

	B.4.a
	L (1)
	L (1)
	L (1)
	
	



Overall Viability Rating
The Methow River summer steelhead population does not currently meet viability criteria and the overall viability rating is HIGH RISK (Figure 4.1.3–7).  Of particular concern is the High Risk rating with respect to abundance and productivity.  The 10-year geometric mean abundance of natural-origin spawners is 289, which is only 29% of the minimum abundance threshold of 1,000 spawners.  The 20-year geometric mean productivity (0.28 R/S; Table 4.1.3–6) is well below the viability target of 1.20 R/S.  The population cannot achieve any level of viability without improving its status on the viability curve for both abundance and productivity.  Spatial structure and diversity was also rated at High Risk.  Improvement of the spatial structure and diversity status to low risk will be necessary to allow the Methow River population to achieve a highly viable status (in combination with very low risk for overall abundance and productivity; Figure 4.1.3–7).  Based on the MPG guidelines, the Methow River population will need to achieve a highly viable status for recovery of the DPS (ICTRT 2007).
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Figure 4.1.3– 7.  Methow River summer steelhead population risk ratings integrated across the four viable salmonid population (VSP) metrics.  Viability Key: HV – Highly Viable; V – Viable; M – Maintained; HR – High Risk; Shaded cells – does not meet viability criteria (darkest cells are at greatest risk).




Data Summary – Methow River Summer Steelhead Population (100% hatchery effectiveness assumed)
Data type:  Dam counts apportioned by radio-telemetry data (T. Cooney, NOAA Fisheries)
SAR:	Averaged Deschutes, Umatilla, Snake and Upper Columbia River steelhead series
Table 4.1.3– 5.  Methow River summer steelhead run data (used for curve fits and R/S analysis).  Entries where the effective spawner number is less than 75% of the threshold (1980-2001) are bold.  Assumed hatchery effectiveness = 100%.
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Table 4.1.3– 6.  Methow River summer steelhead population geometric mean abundance and productivity estimates.  Current abundance and productivity values are boxed.  Assumed hatchery effectiveness = 100%.
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Table 4.1.3– 7.  Methow River summer steelhead population stock-recruitment curve fit parameter estimates. Biologically unrealistic or highly uncertain values are highlighted in grey.  Assumed hatchery effectiveness = 100%.
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Figure 4.1.3– 8.  Methow River summer steelhead population stock-recruitment curves.  Data not adjusted for marine survival.  Assumed hatchery effectiveness = 100%.
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Figure 4.1.3– 9.  Methow River summer steelhead population stock-recruitment curves.  Data adjusted for marine survival.  Assumed hatchery effectiveness = 100%.  Function labeled “current” is a Hockey Stick function derived by fixing the slope of the ascending limb at the geometric mean productivity at low to moderate abundance (Table 4.1.3–2) and fitting a capacity estimate to the data series.

Data Summary – Methow River Summer Steelhead Population (30% hatchery effectiveness assumed)
Data type:  Dam counts apportioned by radio-telemetry data (T. Cooney, NOAA Fisheries)
SAR:	Priest Rapids
Table 4.1.3– 8.  Methow River summer steelhead run data (used for curve fits and R/S analysis).  Entries where the effective spawner number is less than 75% of the threshold (1980-2001) are bold.  Assumed hatchery effectiveness = 30%.
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Table 4.1.3– 9.   Methow River summer steelhead population geometric mean abundance and productivity estimates.  Current abundance and productivity values are boxed.  Assumed hatchery effectiveness = 30%.
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Table 4.1.3– 10.  Entiat River summer steelhead population stock-recruitment curve fit parameter estimates. Biologically unrealistic or highly uncertain values are highlighted in grey.  Assumed hatchery effectiveness = 30%.
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Figure 4.1.3– 10.  Methow River summer steelhead population stock-recruitment curves.  Data not adjusted for marine survival.  Assumed hatchery effectiveness = 30%.
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Figure 4.1.3– 11.  Methow River summer steelhead population stock-recruitment curves.  Data adjusted for marine survival.  Assumed hatchery effectiveness = 30%.  Function labeled “current” is a Hockey Stick function derived by fixing the slope of the ascending limb at the geometric mean productivity at low to moderate abundance (Table 4.1.3–2) and fitting a capacity estimate to the data series.



4.1.4  [bookmark: _Toc442695866]
Current Status Assessment – Okanogan River Summer Steelhead Population 
The Okanogan River summer steelhead population (Figure 4.1.4–1) is one of four extant populations within the North Cascades MPG in the Upper Columbia DPS.  For a general description of the subbasins and life history characteristics of these populations see NPCC (2004) or the Upper Columbia Recovery Plan (2007).  
[image: UCOKAsteelhead-msa-landscape]
Figure 4.1.4– 1.  Okanogan River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas within the United States.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Okanogan River summer steelhead population as “large” in size and complexity based on historical habitat potential (ICTRT 2007).  This classification includes areas of intrinsic potential in Canada and has a mean minimum abundance threshold criteria of 1,500 natural-origin spawners with sufficient intrinsic productivity (≥ 1.26 recruits per spawner at the abundance threshold level) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  Data for fish distribution, abundance, and ecoregion classification were not available for Canada; therefore, we only conducted the status review for the U.S. portion of the population.  The U.S. portion of the population only has enough habitat to be classified as “intermediate” in size and complexity (Table 4.1.4–1) based on historical habitat potential (ICTRT 2007).  A steelhead population classified as large requires a mean minimum abundance threshold criteria of 1,000 natural-origin spawners with sufficient intrinsic productivity (≥1.20 recruits per spawner at the minimum abundance threshold) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe on the viability curve.  Additionally, the Okanogan River summer steelhead population was classified as a type “B” population (based on historic intrinsic potential) because it has dendritic tributary structure with multiple major spawning areas (ICTRT 2007). 
Table 4.1.4– 1.  Okanogan River summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	5,725

	Stream lengths km (total) a
	1,984

	Stream lengths km (below natural barriers) a
	877

	Branched stream area weighted by intrinsic potential (km2)
	1.115

	Branched stream area km2 (weighted and temp. limited) b
	0.535

	Total stream area weighted by intrinsic potential (km2)
	3.517

	Total stream area weighted by intrinsic potential (km2) temp limited b
	0.656

	Size / Complexity category
	Intermediate c / B (dendritic structure)

	Number of major spawning areas (MaSAs)
	2

	Number of minor spawning areas (MiSAs)
	6


a. All stream segments ≥ 3.8m bankfull width were included.
b. Temperature limited areas were assessed by subtracting area where the mean weekly modeled water temperature was > 22oC.
c. U.S. portion only.  Analysis did not include areas of intrinsic potential within Canada that would classify the Okanogan population as large.

Current Abundance and Productivity
Recent (1977 to 2006) natural-origin abundance has ranged from 22 in 1998 to 212 in 2004 (Figure 4.1.4–2).  Abundance estimates are based on dam counts apportioned to the population using radio-telemetry data (method described in section 2.1.3).  
[image: ]Abundance in recent years has been highly variable and dominated by hatchery-origin returns.  The 10-year geometric mean abundance of natural-origin spawners was 95 (1,735 total spawners).  Spawners originating from naturally spawning parents have comprised an average of 7% over the recent (5-year) brood cycle.  The 10-year average contribution of naturally produced returns on the spawning grounds has been 6%, ranging from 2% to 9%.
During the period 1977-2000, recruits per spawner (R/S, in terms of spawner to spawner) for summer steelhead in the Okanogan River subbasin ranged from 0.03 to 0.58.  The annual R/S estimates were adjusted to reflect the average smolt-to-adult return rate (SAR) and were delimited at 75% (750 spawners) of the abundance threshold.  The 20-year (1981-2000) geometric mean productivity was 0.12 R/S at 100% hatchery effectiveness and 0.25 R/S at 30% hatchery effectiveness (Table 4.1.4–2).Figure 4.1.4– 2.  Okanogan River summer steelhead population spawner abundance estimates (1977-2006).

Table 4.1.4– 2.  Okanogan River summer steelhead population abundance and productivity estimates.
	Abundance Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	95
	(22-212)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.06
	(0.02-0.09)
	

	Productivity Statistics
	Estimate
	(90% CI)
	SE

	20-year intrinsic productivity (hatchery effectiveness = 1.0) a
	0.12
	(0.07-0.22)
	0.35

	20-year intrinsic productivity (hatchery effectiveness = 0.3) a
	0.25
	(0.19-0.33)
	0.16

	20-year Beverton-Holt fit productivity (hatchery effectiveness = 1.0) 
	n/a
	
	n/a

	20-year Beverton-Holt fit productivity (hatchery effectiveness = 0.3)
	0.62
	
	0.29

	Trend Statistics ()
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance) 
	1.02
	(0.99-1.05)
	0.93

	Population growth rate (λ): hatchery effectiveness = 1.0
	0.56
	(0.46-0.68)
	<0.001

	Population growth rate (λ): hatchery effectiveness = 0.3
	1.04
	(0.82-1.33)
	0.67


a. Delimited productivity excludes any recruit/spawner pair where the spawner number exceeds 75% of the threshold.  This approach attempts to remove density dependence effects that may influence the productivity estimate.

Comparison to the Viability Curve
[image: ]The Okanogan River summer steelhead population is at High Risk with respect to abundance and productivity.  The point estimates fall below the 25% risk curve.  

The trend in annual numbers of natural-origin spawners has been relatively flat since 1980, averaging an increase of 2% per year (Table 4.1.4-2).  However, as described above, the levels of natural production remain extremely low for this population.  The estimated number of hatchery-origin fish reaching spawning areas in the Okanogan River has also increased over time (Figure 4.1.4–2).  The proportions of hatchery-origin spawners estimated to have contributed to parent escapements since 1980 have been extremely high.  Under the assumption that hatchery and natural-origin parents were equally effective in contributing to brood year natural production for this population (hatchery effectiveness = 1.0), the point estimate of average annual population growth rate was 0.56, one of the lowest values calculated for an Interior Columbia River basin steelhead population.  The associated probability that the actual average value was 1.0 or greater was essentially 0.0%.  An estimate of the geometric mean population growth rate was calculated under the assumption that hatchery returns have not been contributing to natural production (hatchery effectiveness = 0.0).  Under that assumption the calculated geometric mean population growth rate from 1980 to the present was 1.04, with a 67% probability of exceeding 1.0.Figure 4.1.4– 3.  Okanogan River summer steelhead population abundance and productivity (A/P) compared to the DPS viability curve.  Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A/P.

Spatial Structure and Diversity
The ICTRT defined the Okanogan River summer steelhead population to encompass the mainstem Columbia River tributaries upstream of the Methow River, up to and including the Okanogan River and its tributaries.  The ICTRT has identified two major spawning areas (MaSAs) and seven minor spawning areas (MiSAs) within the U.S. portion of the Okanogan River steelhead population (Figures 4.1.4–1, 4).  The intrinsic potential MaSAs in the U.S. portion include Salmon Creek and Omak Creek, whereas the MiSAs include Ninemile, Whitestone, Bonaparte, Antoine, Chewiliken, Loup Loup and Johnson Creeks (Figure 4.1.4–4).  Recent surveys have identified spawners in Omak, Ninemile, Bonneparte, Tunk and Tonasket Creeks, as well as the mainstem Okanogan and Similkameen Rivers (Arterburn et al. 2005).  Agency distribution shows Salmon Creek as having known spawning in the lower portion; however, that only occurred during experimental and temporary water management scenarios.  There is an intermediate-term (12-year) water lease agreement that is designed to provide adult access and juvenile migration during critical periods (J. Arterburn, Colville Confederated Tribes, personal communication).  Although recent redd surveys have identified spawning in the mainstem Okanogan and Similkameen Rivers (Arterburn et al. 2005), extensive hatchery releases occur in these areas and it is uncertain if these areas can, or ever could, support viable components of the population due to high temperatures limiting juvenile survival.  The Upper Okanogan River mainstem was included with Tonasket Creek as a minor spawning area.  However, the Similkameen River did not register as a major or minor spawning area in the intrinsic potential analysis due to its physical characteristics (valley width, stream width, and gradient) that added up to a large quantity of “low” rated habitat.  However, in order to form a branch and be included as a MaSA or MiSA in the intrinsic potential analysis an area was required to have an average value of “moderate” or better.  Therefore, the large quantity of low rated habitat was not counted as a major or minor spawning area.  We recognize that the regional recovery plan considered this area important to current production in the Okanogan River basin and was classified as a minor spawning area.  Given the criteria put forth in the viability document (ICTRT 2007) it does not appear that categorizing the Similkameen one way or the other would change the risk conclusion about the Okanogan River population.  
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Factors and MetricsFigure 4.1.4– 4.  Okanogan River summer steelhead population distribution of intrinsic potential habitat across major (MaSAs) and minor spawning areas (MiSAs).  White bars represent current temperature limited areas that could potentially have had historical temperature limitations.  Three MiSAs were dropped due to temperature and sediment screens that were applied to the intrinsic potential analysis: Indian Dan Canyon, Siwash and Tonasket.

A.1.a  Number and spatial arrangement of spawning areas
The ICTRT identified two MaSAs and six MiSAs for the U.S. portion of the Okanogan River summer steelhead population (Figure 4.1.4–1).  Efforts to monitor the distribution and abundance of spawning steelhead have been initiated and expanded in recent years (2004-2005), but we still do not have comprehensive, long-term datasets to rate this metric for the Okanogan River population.  Based on these recent but limited datasets, neither of the two U.S. MaSAs have multiple redds in the upper halves of their intrinsic potential habitat (above Haley Creek in the Omak Creek MaSA and above Dorian Spring at rkm 18.9 in the Salmon Creek MaSA) so they do not meet minimum occupancy definition, putting the population at high risk for this metric. 


A.l.b.  Spatial extent or range of population
Efforts to monitor the distribution and abundance of spawning steelhead have been initiated and expanded in recent years (2004-2005), but we still do not have comprehensive, long-term datasets to rate this metric for the Okanogan River population.  Based on these recent but limited datasets, neither of the two U.S. MaSAs have multiple redds in the upper halves of their intrinsic potential habitat (above Haley Creek in the Omak Creek MaSA and above Dorian Spring at rkm 18.9 in the Salmon Creek MaSA) so they do not meet minimum occupancy definition, putting the population at high risk for this metric. 
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Figure 4.1.4– 5.  Okanogan River summer steelhead population current spawning distribution and spawning area occupancy designations.
A.1.c.  Increase or decrease in gaps or continuities between spawning areas
The Okanogan River steelhead population was at high risk for this metric because neither of the two U.S. MaSAs have multiple redds in the upper halves of their intrinsic potential habitat (above Haley Creek in the Omak Creek MaSA and above the forks in the Salmon Creek MaSA) so they do not meet minimum occupancy definition.  The absence of known spawning at the downstream MiSA (Loup Loup Creek) did not increase the gap between populations by more than 25 km.  A rating of moderate risk could be achieved with occupancy of the upper half of either Omak Creek or Salmon Creek MaSAs.
B.1.a.  Major life history strategies
The Okanogan River summer steelhead population never had a winter run or B-run component and resident O. mykiss are known to occur at various locations in the subbasin (NPPC 2004).  Therefore, the population is at very low risk because no major life history strategies have been lost. 
B.1.b.  Phenotypic variation
We do not have data available for this metric.  Even if we determined that there was a change to one or more traits we do not know what the exact baseline is because changes likely occurred before there was biological monitoring.  Therefore, we will assume that there has been some change and increase in variance for two or more traits placing the population at moderate risk.
B.1.c.  Genetic variation
There are no genetic data for Okanogan River steelhead.  Throughout the rest of the Upper Columbia River the genetic signal shows little differentiation between populations, with a strong similarity to Wells Hatchery.  Additionally, given the low escapement of natural-origin fish and the high numbers of Wells Hatchery-origin smolts released in this basin, there is sufficient evidence to assume the population is at high risk for this metric.  There is a possibility that the true genetic risk metric for this population could be lower.  If additional data become available indicating differentiation between and within populations (either genetic data indicating levels of divergence consistent with the time since separation or genetic information showing strong spatial structure), this metric could be assigned a moderate or low risk rating.  
B.2.a.  Spawner composition
(1)  Out-of-DPS spawners:  The Okanogan River steelhead population is at low risk since there is no evidence of non-local (outside the ESU) hatchery fish passing Wells Dam (K. Truscott, Washington Department of Fish & Wildlife, personal communication).  

(2)  Out-of-MPG spawners from within the DPS:  The Upper Columbia River ESU only has one extant MPG, so this metric is not applicable and no score will be given.
(3)  Out-of-population spawners from within the MPG:  We do not have estimates of spawner composition for the various MaSAs and MiSAs of the Okanogan River steelhead population because carcasses cannot be obtained in sufficient numbers from the spawning ground surveys.  In 2004, however, only 9.5 % of the steelhead passing Wells Dam were natural-origin (Humling and Snow 2004).  This is similar to the proportion of natural-origin fish from previous years (K. Truscott, personal communication).  This high proportion of hatchery-origin spawners would result in high risk, regardless of whether or not the program was considered “best management practices”.  However, the program was not considered best management practices because adult steelhead are trapped at Wells Dam (mainstem Columbia River) and they could have originated from any of the MaSAs within the Methow River or from the Okanogan River.  Additionally, steelhead releases occur at various locations throughout the Methow and Okanogan Rivers, thereby mixing the progeny from various MaSAs of two independent populations and not encouraging local adaptation within the population or between the Methow and Okanogan populations.  
Furthermore, although the Wells Hatchery program does use natural-origin fish, the National Marine Fisheries Service Biological Opinion restricts the broodstock to no more than 33% natural-origin fish, regardless of the run size (NMFS 2002).  This constraint limits the opportunity to meet production requirements with all natural-origin fish during years of high abundance, a practice that would reduce the genetic risk of the hatchery program.
Finally, there have been high numbers of Wenatchee River steelhead observed passing Wells Dam, presumably because they are reared in Columbia River water at the Turtle Rock facility before direct release with no acclimation in the Wenatchee River (K. Truscott, personal communication).  There is currently no way to determine if Wenatchee River steelhead do show up on the spawning grounds of the Okanogan River basin and efforts to monitor this risk need to be conducted.  
Therefore, given the extremely high proportion of hatchery fish passing Wells Dam, the mixing of Methow and Okanogan fish in the broodstock, the release of smolts into the Okanogan River that could have originated from Methow parents, and the threat of stray Wenatchee River steelhead, suggest that the population is at high risk for this metric.  
(4) Within-population hatchery spawners:  No score will be given for this metric because the Wells Hatchery stock was rated for metric B.2.a.3 and therefore this metric is not applicable.  The Wells Hatchery program mixes Methow and Okanogan origin adults and therefore does not meet best management practices.
The overall spawner composition metric is rated high risk due to the potential of hatchery-origin strays from out of the population (within the MPG) to spawn naturally in this population.
B.3.a.  Distribution of population across habitat types
The distribution of intrinsic branches for Okanogan River summer steelhead within the U.S. covered five ecoregions, one of which was considered significant (>10%; Table 4.1.4–3).  Substantial shifts (>67%) did not occur in that ecoregion.  Therefore, the population is at low risk for this metric.  We could not analyze this metric for Canada, where 79% of the intrinsic potential habitat occurs, because ecoregion data do not exist and we are not aware of any distribution data for summer steelhead.  Therefore, inclusion of Canadian watersheds into the occupied ecoregion analysis in the future could change the results for this metric.  
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Figure 4.1.4– 6.  Okanogan River summer steelhead population spawning distribution across EPA level IV ecoregions.  This map takes into account only the U.S. portion of the Okanogan River steelhead population.

Table 4.1.4– 3.  Okanogan River summer steelhead population proportion of current spawning areas across EPA level IV ecoregions.  The majority (79%) of the population habitat falls within Canada, but ecoregion designations for this region are unknown.  Therefore, the table takes into account only the U.S. portion of the Okanogan River steelhead population.
	Ecoregion
	% of historical spawning area (non-temp. limited)
	% of currently occupied spawning area (non-temp. limited)

	Okanogan Highland Dry Forest
	0.2
	0.0

	Okanogan Pine/Fir Hills
	9.4
	0.0

	Okanogan Valley
	86.6
	100.0

	Pasayten/Sawtooth Highlands
	0.1
	0.0

	Western Okanogan Semiarid Foothills
	3.7
	0.0




B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population crosses nine dams in the accessible mainstem Columbia River in its seaward and spawning migrations.  The hydropower system and associated reservoirs appear to impose some selection on smolt and adult migration timing.  All hydropower effects have persisted for multiple generations and are ongoing.

Adult migration timing:  The lower Columbia River dams establish a thermal barrier in the reservoirs that delays and potentially induces some mortality of migrating adults.  This barrier is diminished later in the migration season.  Because the timing of the barrier varies from year to year and the degree of differential survival is not well understood, we rate the impact as low.  Heritability of this trait is high, so the overall risk rating for this trait is moderate.
  
Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring, as temperatures rise and flows decrease, causing increased travel time, increased energy expenditure and greater physiological stresses.  Given the number of dams that this population must cross, and likely increases in mortality as the season progresses, overall impact on the population is likely moderate.  Heritability of this trait has not been assessed, so we assume a moderate to low heritability.  Therefore the impact of the hydrosystem on this trait is moderate.
Harvest:  Harvest has the potential to affect migration timing, maturation timing and size.  However, recent harvest rates for A-run steelhead in the Columbia River mainstem are generally less than 10% annually.  Although some harvest may be size-selective for larger fish, the selective mortality would affect less than 2% of the total population.  There is very limited harvest of natural fish in the mainstem and tributaries above Priest Rapids Dam and impacts from the recreational fishery are incidental to hatchery fish harvest.  There does not appear to be any selective mortality as a result of in-basin harvest.  No phenotypic traits appear to be at risk as a result of this activity.
Hatcheries:  Hatchery broodstock collection has the potential to disproportionately remove fish (e.g., of a certain size or timing) from the wild population.  The Okanogan River hatchery programs are operated to provide hatchery fish for harvest and to supplement natural production. Currently, a portion of the broodstock are collected at Wells Dam as part of a composite “Above Wells” program (risks associated with that activity are included in other aspects of the diversity criteria).  Additional broodstock collection occurs at the Omak Creek weir and plans are underway to increase within-population broodstock collection.  Currently, broodstock are collected representatively so that the run-timing, sex, and age of broodstock mimic that of the total run at Wells Dam and Omak Creek.  The broodstock removal does not appear to be selective at the population level and no phenotypic traits appear to be at risk as a result of this activity.  Thus, selection pressure on adult migration timing is low.
Habitat:  Altered flow profiles and increased temperatures, which have been in place for many generations and are ongoing, have the potential to impose some selection on juvenile and adult migration timing.  Due to the lack of temporal overlap between withdrawal effects and juvenile migration timing, the selective pressure is negligible and the risk level is low.  Low flow and high temperatures due to water withdrawals in the mainstem Okanogan River, Salmon Creek, and other smaller tributaries could affect run timing for early arriving adults.  There is uncertainty regarding the proportion of the population that is affected, the magnitude of the impact, and historical flow and temperature conditions.  Because the Okanogan River was probably warm historically, and steelhead do not spawn until the following spring, access into affected mainstem and tributaries in the late summer and early fall may not be critical.  Thus, selection pressure on adult migration was considered negligible and the risk level was low. 
Other:  A population of Caspian terns in the estuary has been artificially enhanced by a combination of increased habitat (created by dredge spoils) and artificially increased food availability (large-scale releases of hatchery smolts).  These terns appear to exert a size-selective predation pressure that is felt most strongly by the large steelhead smolts.  The rate of predation is highest in May during tern nesting season.  This pressure may affect smolt migration timing.
Juvenile migration timing:  Steelhead smolts pass through the estuary from April to June.  The relatively high predation (10%) on smolts in May could select for earlier and later out-migrants.  However, heritability of this trait has not been assessed, so we assume a moderate to low heritability.  Because this predation occurs at the peak of migration, the impact of this change is low.
Smallmouth bass are known to be present in the Okanogan and Similkameen Rivers and have shown size-selective predation on salmonids in other systems such as the Yakima River (Fritts and Pearsons 2006).  The abundance of exotic predators and their diet and reliance on salmonids has not been evaluated in the Okanogan River, although it has been identified as an important data gap by the Upper Columbia Regional Technical Team.  There is uncertainty regarding the spatial and temporal overlap of steelhead parr and smolts with non-endemic predators.  Given these uncertainties we rated the selective pressure as low, thus with low to moderate heritability of smolt size and age structure the overall risk level was low.
Two phenotypic traits, adult and juvenile migration timing, each have one moderate rating due to the selective impact of hydropower actions.  All other components of the metric are rated low risk for all traits, resulting in an overall low risk rating for this metric.
Spatial Structure and Diversity Summary
The Okanogan River summer steelhead population was high risk for Goal A (allowing natural rates and levels of spatially mediated processes) and high risk for Goal B (maintaining natural levels of variation) resulting in an overall High Risk rating for spatial structure and diversity (Table 4.1.4–4).  For Goal B, the metrics for genotypic and phenotypic variation were directly responsible for the high risk rating.  Although no genetic data existed for Okanogan River steelhead, we assumed high risk based on the genetic results for the rest of the DPS and the very low escapement estimates for natural-origin steelhead versus the high proportion of hatchery-origin adults passing Wells Dam.  For B.1.b. (phenotypic variation), an analysis needs to be conducted that shows that the phenotypic traits of the current population are consistent with the assumed historical condition or with unaltered reference populations in a similar habitat, geologic, and hydrologic setting.  Based on the scoring system, these metrics must be addressed in order for the status of Goal B to improve to low risk.  
Another metric that was rated at high risk was the proportion of out-of-population (but within-DPS) spawners that were hatchery-origin fish (B.2.a.2).  There were several factors that led to a high risk rating, even though we did not have data that directly measured the origin of adults on the spawning grounds.  These risks included the extremely high proportion of hatchery fish passing Wells Dam (~90%), the mixing of Methow and Okanogan fish in the broodstock, the release of smolts into the Okanogan River that could have originated from Methow parents, and the threat from the high number of Wenatchee River-origin steelhead passing Wells Dam.  Given the continued threats outlined in metric B.2.a.2 (spawner composition), it is likely that genotypic and phenotypic variation have been influenced by past hatchery practices and that it will be difficult to achieve low risk levels for metrics B.1.b (phenotype) and B.1.c (genotype).  
Table 4.1.4– 4.  Okanogan River summer steelhead population spatial structure and diversity risk rating.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	H (-1)
	H (-1)
	High Risk
(Mean = -1)
	High Risk
(Mean = -1)
	High Risk


	A.1.b
	H (-1)
	H (-1)
	
	
	

	A.1.c
	H (-1)
	H (-1)
	
	
	

	B.1.a
	VL (2)
	VL (2)
	High Risk (-1)

	High Risk (-1)

	

	B.1.b
	M (0)
	M (0)
	
	
	

	B.1.c
	H (-1)
	H (-1)
	
	
	

	B.2.a(1)
	L (1)
	High Risk 
(-1)
	High Risk (-1)
	
	

	B.2.a(2)
	N/A
	
	
	
	

	B.2.a(3)
	H (-1)
	
	
	
	

	B.2.a(4)
	N/A
	
	
	
	

	B.3.a
	L (1)
	L (1)
	L (1)
	
	

	B.4.a
	L (1)
	L (1)
	L (1)
	
	



Overall Viability Rating
The Okanogan River summer steelhead population does not currently meet viability criteria and the overall viability rating is HIGH RISK (Figure 4.1.4–7).  Of particular concern is the High Risk rating with respect to abundance and productivity.  The 10-year geometric mean abundance of natural-origin spawners is 95 which is only 9.5% of the minimum abundance threshold of 1,000 spawners (U.S. portion only).  The 20-year geometric mean productivity (0.12 R/S; Table 4.1.4–2) is well below the viability target of 1.20 R/S.  The population cannot achieve any level of viability without improving its status on the viability curve for both abundance and productivity.  Spatial structure and diversity was also rated at High Risk.  Improvement of the spatial structure and diversity status to low risk will be necessary to allow the Okanogan River population to achieve a highly viable status (in combination with very low risk for overall abundance and productivity; Figure 4.1.4–7).  Based on the MPG guidelines, the Okanogan River population will need to achieve a viable status for recovery of the DPS (ICTRT 2007).
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Figure 4.1.4– 7.  Okanogan River summer steelhead population risk ratings integrated across the four viable salmonid population (VSP) metrics.  Viability Key: HV – Highly Viable; V – Viable; M – Maintained; Shaded cells – does not meet viability criteria (darkest cells are at greatest risk).








Data Summary – Okanogan River Summer Steelhead (100% hatchery effectiveness assumed)
Data type:	Dam counts apportioned by radio telemetry data (T. Cooney, NOAA Fisheries)
SAR:		Priest Rapids
Table 4.1.4– 5.  Okanogan River summer steelhead run data (used for curve fits and R/S analysis).  Entries where the effective spawner value is less than 75% of the size threshold are bold (1980-2000).  Assumed hatchery effectiveness = 100%.
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Table 4.1.4– 6.  Okanogan River summer steelhead population geometric mean abundance and productivity estimates.  The current productivity value used in the assessment for this population is boxed.  Assumed hatchery effectiveness = 100%.
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Table 4.1.4– 7.  Okanogan River summer steelhead population stock-recruitment curve fit parameter estimates. Biologically unrealistic or highly uncertain values are highlighted in grey.  Assumed hatchery effectiveness = 100%.
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Figure 4.1.4– 8.  Stock-recruitment curves for the Okanogan River summer steelhead population.  Data not adjusted for marine survival.  Assumed hatchery effectiveness = 100%.
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Figure 4.1.4– 9.  Stock-recruitment curves for the Okanogan River summer steelhead population.  Data adjusted for marine survival.  Assumed hatchery effectiveness = 100%.



Data Summary – Okanogan River Summer Steelhead (30% hatchery effectiveness assumed)
Data type:	Dam counts apportioned by radio telemetry data (T. Cooney, NOAA Fisheries)
SAR:		Priest Rapids
Table 4.1.4– 8.  Okanogan River summer steelhead run data (used for curve fits and R/S analysis).  Entries where the effective spawner value is less than 75% of the size threshold are bold (1980-2000).  Assumed hatchery effectiveness = 30%.
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Table 4.1.4– 9.  Okanogan River summer steelhead population geometric mean abundance and productivity estimates.  The current productivity value used in the assessment for this population is boxed.  Assumed hatchery effectiveness = 30%.
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Table 4.1.4– 10.  Okanogan River summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.  Assumed hatchery effectiveness = 30%.
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Figure 4.1.4– 10.  Stock-recruitment curves for the Okanogan River summer steelhead population.  Data not adjusted for marine survival.  Assumed hatchery effectiveness = 30%.



[image: ]Figure 4.1.4– 11.  Stock-recruitment curves for the Okanogan River summer steelhead population.  Data adjusted for marine survival.  Assumed hatchery effectiveness = 30%.




















4.1.5  [bookmark: _Toc442695867]
Current Status Assessment – Crab Creek Summer Steelhead Population
The Crab Creek summer steelhead population (Figure 4.1.5–1) was historically a population within the North Cascades MPG in the Upper Columbia DPS.  The ICTRT has classified the Crab Creek population as functionally extirpated.  For a general description of the subbasins and life history characteristics of these populations see NPCC (2004) or the Upper Columbia Recovery Plan (2007).  
Historically, this drainage appears to have had sufficient habitat quantity to support an independent population and is sufficiently isolated from other populations to suggest that demographic interactions were minimal.  However, even historically, this drainage was likely ephemeral, restricting anadromous access to particular times of year or even to particular years.  We recognize that the resident component of this population was likely more dominant and critical to the long-term persistence of this population.
[image: UCCRCsteelhead-msa-landscape]Figure 4.1.5– 1.  Crab Creek summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.


The Interior Columbia Technical Recovery Team (ICTRT) classified the Crab Creek summer steelhead population as “basic” in size and complexity based on historical intrinsic potential (Table 4.1.5–1; ICTRT 2007).  A steelhead population classified as basic has a mean minimum abundance threshold criteria of 500 natural-origin spawners with sufficient intrinsic productivity (≥ 1.35 recruits per spawner at the minimum abundance threshold) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  Additionally, the Crab Creek steelhead population was classified as a type “A” population (based on historic intrinsic potential) because of its simple spatial structure (ICTRT 2007).
Table 4.1.5– 1.  Crab Creek summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	6,889

	Stream lengths km (total) a
	2,110

	Stream lengths km (below natural barriers) a
	2,090

	Branched stream area weighted by intrinsic potential (km2)
	2.357

	Branched stream area km2 (weighted and temp. limited) b
	0.0020

	Total stream area weighted by intrinsic potential (km2)
	3.661

	Total stream area weighted by intrinsic potential (km2) temp limited b
	0.0024

	Size / Complexity category
	Basic / “A” (simple structure)

	Number of major spawning areas (MaSAs)
	1

	Number of minor spawning areas (MiSAs)
	2


a. All stream segments ≥ 3.8m bankfull width were included.
b. Temperature limited areas were assessed by subtracting area where the mean weekly modeled water temperature was > 22oC.
Current Abundance and Productivity
Very little is known about adult steelhead abundance in the Crab Creek drainage.  In the last decade there have been unofficial reports of adult steelhead spawning in Red Rock Coulee, which receives irrigation return flows and was not likely a historic spawning area (J. Korth, Washington Department of Fish & Wildlife, personal communication).  Spawning ground surveys were conducted in 2008 and no steelhead adults or redds were observed in Red Rock Coulee.  Additionally, a weir was installed in October 2007 in the lower 2 km of Crab Creek and no adult steelhead were observed during that trapping effort.
Spatial Structure and Diversity
Given that the population is classified as functionally extirpated, we limit the following summary of population spatial structure and diversity to a description of the likely historical structure of the population.
[image: ]Figure 4.1.5– 2.  Crab Creek summer steelhead population distribution of intrinsic potential habitat across major (MaSAs) and minor spawning areas (MiSAs).  White bars represent current temperature limited areas that could potentially have had historical temperature limitations.  


Factors and Metrics
A.1.a  Number and spatial arrangement of spawning areas
The Crab Creek steelhead population has 1 major spawning area (MaSA) and 2 minor spawning areas (MiSAs; Figure 4.1.5–1).  The total amount of habitat in the anadromous accessible portions of Crab Creek was sufficient to support a population, assuming that historical stream flows and temperatures within the drainage were conducive to juvenile rearing. 

A.l.b.  Spatial extent or range of population
Not rated because the population was classified as functionally extirpated.
A.1.c.  Increase or decrease in gaps or continuities between spawning areas
Not rated because the population was classified as functionally extirpated.
B.1.a.  Major life history strategies
Not rated because the population was classified as functionally extirpated.

B.1.b.  Phenotypic variation
Not rated because the population was classified as functionally extirpated.
B.2.a.  Spawner composition
Not rated because the population was classified as functionally extirpated.

B.3.a.  Distribution of population across habitat types
The historical distribution of intrinsic branches for Crab Creek steelhead covered four ecoregions, the Pleistocene Lake Basins, Loess Islands, Yakima Folds and Channeled Scablands (Figure 4.1.5–3; Table 4.1.5–2).

[image: UCCRCsteelhead-eco-landscape-ver3]
Figure 4.1.5– 3.  Crab Creek summer steelhead population spawning distribution across EPA level IV ecoregions.


Overall Viability Rating
The Crab Creek summer steelhead population was classified as functionally extirpated so it is not viable.

4.1.6  [bookmark: _Toc442695868]
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Spawner

1980 161 161 21% 34 32 0.20 17 0.10

1981 137 137 25% 35 64 0.47 29 0.21

1982 184 184 17% 31 102 0.55 42 0.23

1983 234 234 18% 42 115 0.49 70 0.30

1984 29 29 38% 11 174 6.07 131 4.59

1985 72 72 40% 29 111 1.55 93 1.30

1986 380 380 23% 89 80 0.21 89 0.23

1987 261 261 40% 104 67 0.26 75 0.29

1988 418 418 44% 182 96 0.23 129 0.31

1989 165 165 69% 113 42 0.25 123 0.75

1990 288 288 38% 109 33 0.12 201 0.70

1991 207 207 27% 56 33 0.16 173 0.84

1992 111 111 94% 104 35 0.32 142 1.28

1993 82 82 76% 62 32 0.39 71 0.87

1994 80 80 45% 36 40 0.50 49 0.60

1995 126 126 28% 36 46 0.36 37 0.29

1996 156 156 31% 48 74 0.47 39 0.25

1997 132 132 23% 31 150 1.14 49 0.37

1998 427 427 9% 37 255 0.60 125 0.29

1999 291 291 13% 38 47 0.16 27 0.09

2000 211 211 24% 52 125 0.59 42 0.20

2001 379 379 26% 97 143 0.38 143 0.38

2002 792 792 33% 263 - - - -

2003 456 456 26% 117 - - - -

2004 987 987 9% 93 - - - -

2005 892 892 13% 116 - - - -

2006 462 462 28% 128 - - - -
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1988-1999 1980-1999 geomean

Point Est. 0.64 0.46 0.61 0.48 1.03 1.04 79

Std. Err. 0.27 0.22 0.29 0.22 0.05 0.08 0.22

count 11 17 11 17 12 20 10

R/S measures Lambda measures

Not adjusted SAR adjusted Not adjusted
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SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 0.40 0.08 n/a n/a 0.62 0.45 61.6 0.42 0.08 n/a n/a 0.60 0.49 61.7

Const. Rec 67 9 n/a n/a n/a n/a 45.1 71 10 n/a n/a n/a n/a 48.7

Bev-Holt 0.50 0.12 50000 0 0.65 0.45 65.5 2.50 0.00 100 0 0.31 0.61 54.1

Hock-Stk 2.90 0.00 23 0 0.23 0.62 47.8 2.62 0.00 27 0 0.26 0.64 51.4

Ricker 0.95 0.31 0.00429 0.00143 0.33 0.64 56.7 0.94 0.32 0.00398 0.00148 0.37 0.61 58.1

Not adjusted for SAR Adjusted for SAR
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1980 161 72 21% 34 32 0.44 17 0.23

1981 137 66 25% 35 64 0.98 29 0.45

1982 184 77 17% 31 102 1.33 42 0.55

1983 234 99 18% 42 115 1.16 70 0.70

1984 29 16 38% 11 174 10.78 131 8.16

1985 72 42 40% 29 111 2.65 93 2.22

1986 380 176 23% 89 80 0.45 89 0.51

1987 261 151 40% 104 67 0.44 75 0.49

1988 418 253 44% 182 96 0.38 129 0.51

1989 165 129 69% 113 42 0.32 123 0.96

1990 288 163 38% 109 33 0.20 201 1.24

1991 207 101 27% 56 33 0.32 173 1.71

1992 111 106 94% 104 35 0.33 142 1.33

1993 82 68 76% 62 32 0.47 71 1.04

1994 80 49 45% 36 40 0.81 49 0.98

1995 126 63 28% 36 46 0.73 37 0.59

1996 156 81 31% 48 74 0.92 39 0.49

1997 132 61 23% 31 150 2.46 49 0.80

1998 427 154 9% 37 255 1.66 125 0.81

1999 291 114 13% 38 47 0.41 27 0.24

2000 211 100 24% 52 125 1.26 42 0.42

2001 379 182 26% 97 143 0.78 143 0.78

2002 792 421 33% 263 - - - -

2003 456 219 26% 117 - - - -

2004 987 362 9% 93 - - - -

2005 892 349 13% 116 - - - -

2006 462 228 28% 128 - - - -
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1988-1999 1980-1999 geomean

Point Est. 0.84 0.80 0.84 0.82 1.03 1.04 79

Std. Err. 0.20 0.19 0.17 0.16 0.05 0.08 0.22

count 20 20 20 20 12 20 10

R/S measures Lambda measures

Not adjusted SAR adjusted Not adjusted
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SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 0.77 0.15 n/a n/a 0.55 0.57 62.4 0.81 0.13 n/a n/a 0.46 0.42 54.5

Const. Rec 67 9 n/a n/a n/a n/a 45.1 71 10 n/a n/a n/a n/a 48.7

Bev-Holt 4.57 0.00 100 0 0.29 0.61 53.0 3.47 23.11 100 247 0.30 0.58 52.2

Hock-Stk 0.77 0.14 19800 0 0.55 0.57 65.1 0.81 0.11 19715 0 0.46 0.42 57.2

Ricker 2.05 0.70 0.00969 0.00297 0.33 0.63 56.4 1.30 0.42 0.00464 0.00285 0.35 0.55 54.7

Not adjusted for SAR Adjusted for SAR


image82.emf
Entiat River Steelhead Current Status 

Various Poptools Fits (no SAR adjustment)

Assumes 50% hatchery effectiveness

0

100

200

300

400

500

600

- 100 200 300 400 500 600

Total Parent Spawners

Natural Returns (Spawners)

Ricker fit

HS fit

BH fit

RW fit

replacement


image83.emf
Entiat River Steelhead Current Status 

Various Poptools Fits (with SAR adjustment)

Assumes 50% hatchery effectiveness

0

100

200

300

400

500

600

- 100 200 300 400 500 600

Total Parent Spawners

Natural Returns (Spawners)

Ricker fit

HS fit

BH fit

RW fit

replacement

current


image84.jpeg
Methow River Summer Steelhead (UCMET-s)

Conconully
Riverside
Omak
Okanogan
Brewster.
2, 4
(Ze/ —x
\‘ i fdgeport
§% ¢

&l

20

C_ Miles

Intrinsic Potential
Weighted Bankfull Area / 200m reach

-~ 0-500 ‘329
——— 501 - 1500 L
= 1501-2000 MODERATE
e=—2001-3000 S
@ 3001-5000 ™

Population

D currently occupied
|:| extirpated

Spawning Area
B meier
[5]  minor

no spawning area

designated within

population

Natural Barrier (steelhead)
(©) complete
(P) impaired access

N

w
Sep 04, 2008
FiZilnes





image85.emf
0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

9,000

10,000

1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007

Abundance

Brood Year

Total Spawners

Natural Origin Spawners


image86.emf
0

500

1000

1500

2000

2500

3000

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

10

-

year geometric mean abundance

Productivity (geometric mean R/S)

Methow Steelhead (100% hatchery eff.)

Methow Steelhead (30% hatchery eff.)

5% risk

25% risk


image87.png
MaSAs

IM|

@Enon-temperature limited

Otemperature limited

MiSAs

=a 1y

Percentage of Area




image88.jpeg
Methow River Summer Steelhead (UCMET-s)

]

\

ey

Okllilogq” R
z

20
C——————Miles

E Population boundary

Spawning Area Type
Major
Minor []

Spawning reach type
~\_ current spawning
(local agency defined)
““\_~ IP spawning branch
~current spawning and
IP branch spawning

Spawning Area Use
(current use of IP branches)

[W] upper and lower
[B8] tower portion only

upper portion only

[W] outside IP branch
| none

no spawning area
designated within
population

Sep 05,2008





image1.jpeg
Merrit

Chief Joseph Dam p{,

Banks
Like.

&M Loke

Upper Columbia
Spring Chinook
Populations

Status

extirpated

Major Population Group
O
SR
[

Columbia Basin

N

F%, nes

¥
150 30 M|

Map prepared by NOAA Fisheries, Sept. 2008.





image89.jpeg
Population boundary D

Major spawning area D
Minor spawning area :l

Intrinsic potential
Weighted Bankfull Area / 200m reach
1-500
501 - 1500
1501 - 2000
2001 - 3000
3001 - 5000

Ecoregion (EPA level 4)

Channeled Scablands
Chelan Tephra Hills

Chiwaukum Hills and Lowlands
N. Cascades Highland Forests m
N. Cascades Lowland Forests

N. Cascades Subalpine/Alpine 77¢c

Okanogan Drift Hills 1

Okanogan Pine/Fir Hills m
Okanogan Valley 1gm

Pasayten/Sawtooth Highlands
Wenatchee/Chelan Highlands.

W. Okanogan Semiarid Foothills

Methow River Summer Steelhead (UCMET-s)

Brewster"

Conconuly.

e

N
=
=
=
Q

ey

7 ridgeport

Oroville*

Tonasket

Riverside.

Omak.

‘Okanogan

20
C———— _IMiles

Sep 05, 2008





image90.emf
Brood Year

Total 

Spawners 

Effective 

Spawners

% Natural-

Origin

Natural 

Run 

(Adults)

Natural 

Returns

Return per 

Spawner

SAR Adj. 

Factor

SAR Adj. 

Returns

Adj. Return 

per 

Spawner

1980 627 627 12% 75 93 0.15 49 0.08

1981 385 385 12% 46 148 0.38 67 0.18

1982 892 892 12% 106 167 0.19 69 0.08

1983 913 913 8% 71 212 0.23 128 0.14

1984 2,909 2,909 2% 46 421 0.14 319 0.11

1985 2,934 2,934 3% 89 358 0.12 300 0.10

1986 4,188 4,188 5% 218 344 0.08 384 0.09

1987 2,839 2,839 4% 103 316 0.11 352 0.12

1988 1,528 1,528 26% 399 417 0.27 562 0.37

1989 1,155 1,155 25% 294 144 0.12 426 0.37

1990 1,334 1,334 28% 373 94 0.07 569 0.43

1991 914 914 32% 291 73 0.08 384 0.42

1992 2,131 2,131 24% 510 85 0.04 343 0.16

1993 1,615 1,615 15% 235 114 0.07 253 0.16

1994 590 590 20% 115 112 0.19 135 0.23

1995 674 674 16% 107 188 0.28 152 0.23

1996 234 234 30% 71 279 1.19 149 0.64

1997 1,482 1,482 10% 147 393 0.27 128 0.09

1998 2,058 2,058 3% 68 762 0.37 374 0.18

1999 1,417 1,417 9% 131 232 0.16 134 0.09

2000 1,886 1,886 14% 256 697 0.37 231 0.12

2001 3,325 3,325 10% 332 550 0.17 550 0.17

2002 9,743 9,743 6% 554 - - - -

2003 4,555 4,555 11% 503 - - - -

2004 4,849 4,849 13% 645 - - - -

2005 4,107 4,107 12% 488 - - - -

2006 2,982 2,982 14% 421 - - - -
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1989-2000 1981-2000 geomean

Point Est. 0.20 0.40 0.22 0.28 1.12 1.06 289

Std. Err. 0.23 0.56 0.20 0.29 0.23 0.21 0.24

count 12 4 12 4 12 20 10

Not adjusted SAR adjusted Not adjusted

R/S measures Lambda measures
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SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 0.18 0.03 n/a n/a 0.41 0.50 49.2 0.18 0.02 n/a n/a 0.34 0.25 41.0

Const. Rec 216 30 n/a n/a n/a n/a 42.3 227 35 n/a n/a n/a n/a 46.1

Bev-Holt 0.80 0.79 294 105 0.21 0.64 43.8 0.50 0.00 417 0 0.24 0.45 40.4

Hock-Stk 1.11 9.02 194 1578 0.20 0.69 45.1 1.31 0.00 172 0 0.22 0.73 48.9

Ricker 0.30 0.08 0.00036 0.00014 0.29 0.55 46.6 0.28 0.06 0.00026 0.00012 0.27 0.25 39.4

Adjusted for SAR Not adjusted for SAR
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1980 627 240 12% 75 93 0.39 49 0.20

1981 385 148 12% 46 148 1.00 67 0.46

1982 892 342 12% 106 167 0.49 69 0.20

1983 913 324 8% 71 212 0.66 128 0.39

1984 2,909 905 2% 46 421 0.47 319 0.35

1985 2,934 943 3% 89 358 0.38 300 0.32

1986 4,188 1,409 5% 218 344 0.24 384 0.27

1987 2,839 924 4% 103 316 0.34 352 0.38

1988 1,528 737 26% 399 417 0.57 562 0.76

1989 1,155 552 25% 294 144 0.26 426 0.77

1990 1,334 662 28% 373 94 0.14 569 0.86

1991 914 478 32% 291 73 0.15 384 0.80

1992 2,131 996 24% 510 85 0.09 343 0.34

1993 1,615 649 15% 235 114 0.18 253 0.39

1994 590 258 20% 115 112 0.43 135 0.52

1995 674 277 16% 107 188 0.68 152 0.55

1996 234 120 30% 71 279 2.32 149 1.24

1997 1,482 547 10% 147 393 0.72 128 0.23

1998 2,058 665 3% 68 762 1.15 374 0.56

1999 1,417 517 9% 131 232 0.45 134 0.26

2000 1,886 745 14% 256 697 0.93 231 0.31

2001 3,325 1,230 10% 332 550 0.45 550 0.45

2002 9,743 3,311 6% 554 - - - -

2003 4,555 1,719 11% 503 - - - -

2004 4,849 1,906 13% 645 - - - -

2005 4,107 1,573 12% 488 - - - -

2006 2,982 1,190 14% 421 - - - -
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1989-2000 1981-2000 geomean

Point Est. 0.42 0.49 0.44 0.49 1.12 1.06 289

Std. Err. 0.17 0.21 0.10 0.14 0.23 0.21 0.24

count 12 15 20 15 12 20 10

R/S measures Lambda measures

Not adjusted SAR adjusted Not adjusted
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SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 0.44 0.08 n/a n/a 0.36 0.61 50.4 0.46 0.05 n/a n/a 0.23 0.03 31.7

Const. Rec 216 30 n/a n/a n/a n/a 42.3 227 35 n/a n/a n/a n/a 46.1

Bev-Holt 2.74 3.33 267 82 0.20 0.68 44.4 0.50 0.06 50000 0 0.23 0.03 34.8

Hock-Stk 1.87 0.00 116 0 0.20 0.69 45.1 0.50 0.05 737 0 0.20 -0.01 32.5

Ricker 0.91 0.27 0.00123 0.00045 0.25 0.63 46.8 0.58 0.12 0.00037 0.00032 0.21 0.09 33.2

Not adjusted for SAR Adjusted for SAR
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Methow River Steelhead Current Status 

Various Poptools Fits (no SAR adjustment)

Assumes 50% hatchery effectiveness
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Methow River Steelhead Current Status 

Various Poptools Fits (with SAR adjustment)

Assumes 50% hatchery effectiveness
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Brood Year

Total 

Spawners 

Effective 

Spawners

% Natural-

Origin

Natural 

Run 

(Adults)

Natural 

Returns

Return per 

Spawner

SAR Adj. 

Factor

SAR Adj. 

Returns

Adj. Return 

per 

Spawner

1980 974 974 7% 65 63 0.06 33 0.03

1981 603 603 7% 40 78 0.13 36 0.06

1982 1,403 1,403 7% 93 70 0.05 29 0.02

1983 1,362 1,362 4% 58 72 0.05 44 0.03

1984 4,988 4,988 1% 42 141 0.03 107 0.02

1985 4,030 4,030 2% 65 120 0.03 101 0.02

1986 3,753 3,753 3% 105 115 0.03 129 0.03

1987 1,924 1,924 2% 37 106 0.06 118 0.06

1988 1,145 1,145 12% 133 140 0.12 188 0.16

1989 915 915 11% 99 48 0.05 143 0.16

1990 776 776 16% 125 31 0.04 190 0.24

1991 779 779 13% 98 24 0.03 128 0.16

1992 1,016 1,016 17% 170 28 0.03 114 0.11

1993 911 911 9% 79 37 0.04 83 0.09

1994 424 424 9% 39 37 0.09 44 0.10

1995 484 484 7% 36 62 0.13 50 0.10

1996 158 158 15% 24 91 0.58 49 0.31

1997 770 770 6% 48 128 0.17 42 0.05

1998 1,294 1,294 2% 22 249 0.19 122 0.09

1999 841 841 5% 43 76 0.09 44 0.05

2000 1,096 1,096 8% 84 229 0.21 76 0.07

2001 1,956 1,956 6% 109 - - - -

2002 5,296 5,296 3% 181 - - - -

2003 2,708 2,708 6% 165 - - - -

2004 2,629 2,629 8% 212 - - - -

2005 2,260 2,260 7% 161 - - - -

2006 1,619 1,619 9% 139 - - - -


image107.emf
Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1989-2000 1981-2000 geomean

Point Est. 0.09 0.19 0.11 0.12 n/a n/a 95

Std. Err. 0.30 0.58 0.20 0.35 n/a n/a 0.24

count 10 4 10 4 n/a n/a 10

R/S measures Lambda measures

Not adjusted SAR adjusted Not adjusted
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SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 0.08 0.01 n/a n/a 0.40 0.59 51.5 0.08 0.01 n/a n/a 0.34 0.61 49.2

Const. Rec 81 12 n/a n/a n/a n/a 44.3 83 11 n/a n/a n/a n/a 39.2

Bev-Holt 0.50 0.00 50000 0 2.66 0.59 92.3 0.50 0.00 50000 0 2.50 0.60 91.5

Hock-Stk 0.78 2.00 103 265 0.25 0.64 47.1 0.79 0.00 104 0 0.20 0.63 42.0

Ricker 0.12 0.03 0.00033 0.00012 0.31 0.53 47.7 0.14 0.03 0.00039 0.00010 0.26 0.37 40.1

Adjusted for SAR Not adjusted for SAR
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Okanogan River Steelhead Current Status 

Various Poptools Fits (no SAR adjustment)

Assumes 100% hatchery effectiveness
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Okanogan River Steelhead Current Status 

Various Poptools Fits (with SAR adjustment)

Assumes 100% hatchery effectiveness
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Brood Year

Total 

Spawners 

Effective 

Spawners

% Natural-

Origin

Natural 

Run 

(Adults)

Natural 

Returns

Return per 

Spawner

SAR Adj. 

Factor

SAR Adj. 

Returns

Adj. Return 

per 

Spawner

1980 974 338 7% 65 63 0.19 33 0.10

1981 603 209 7% 40 78 0.38 36 0.17

1982 1,403 486 7% 93 70 0.14 29 0.06

1983 1,362 449 4% 58 72 0.16 44 0.10

1984 4,988 1,526 1% 42 141 0.09 107 0.07

1985 4,030 1,255 2% 65 120 0.10 101 0.08

1986 3,753 1,200 3% 105 115 0.10 129 0.11

1987 1,924 603 2% 37 106 0.18 118 0.20

1988 1,145 437 12% 133 140 0.32 188 0.43

1989 915 343 11% 99 48 0.14 143 0.42

1990 776 320 16% 125 31 0.10 190 0.59

1991 779 302 13% 98 24 0.08 128 0.42

1992 1,016 424 17% 170 28 0.07 114 0.27

1993 911 328 9% 79 37 0.11 83 0.25

1994 424 154 9% 39 37 0.24 44 0.29

1995 484 170 7% 36 62 0.36 50 0.29

1996 158 64 15% 24 91 1.42 49 0.76

1997 770 265 6% 48 128 0.48 42 0.16

1998 1,294 404 2% 22 249 0.62 122 0.30

1999 841 282 5% 43 76 0.27 44 0.16

2000 1,096 387 8% 84 229 0.59 76 0.20

2001 1,956 663 6% 109 - - - -

2002 5,296 1,715 3% 181 - - - -

2003 2,708 928 6% 165 - - - -

2004 2,629 937 8% 212 - - - -

2005 2,260 790 7% 161 - - - -

2006 1,619 583 9% 139 - - - -
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1989-2000 1981-2000 geomean

Point Est. 0.23 0.23 0.25 0.25 n/a n/a 95

Std. Err. 0.21 0.21 0.16 0.16 n/a n/a 0.24

count 17 17 17 17 n/a n/a 10

R/S measures Lambda measures

Not adjusted SAR adjusted Not adjusted
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SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 0.22 0.04 n/a n/a 0.37 0.62 51.2 0.22 0.03 n/a n/a 0.29 0.58 45.0

Const. Rec 81 12 n/a n/a n/a n/a 44.3 83 11 n/a n/a n/a n/a 39.2

Bev-Holt 0.97 1.04 110 43 0.25 0.62 46.0 0.62 0.29 142 45 0.19 0.48 36.5

Hock-Stk 1.32 4.39 61 202 0.25 0.64 47.1 0.73 0.40 117 66 0.22 0.54 41.0

Ricker 0.35 0.09 0.00101 0.00040 0.30 0.59 48.4 0.38 0.07 0.00111 0.00030 0.22 0.38 37.4

Adjusted for SAR Not adjusted for SAR
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Okanogan River Steelhead Current Status 

Various Poptools Fits (no SAR adjustment)

Assumes 50% hatchery effectiveness
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Okanogan River Steelhead Current Status 

Various Poptools Fits (with SAR adjustment)

Assumes 50% hatchery effectiveness

0

200

400

600

800

1000

1200

1400

0 200 400 600 800 1000 1200 1400

Effective Parent Spawners

Natural Returns (Spawners)

Ricker fit

HS fit

BH fit

RW fit

replacement

current


image116.jpeg
Crab Creek Summer Steelhead (UCCRC-s)
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Median delimited: Limit 

return/spawner data to years where 

the parent esc. is less than the 

median parent esc. for the data 

series

75% of Threshold delimited: Limit 

return/spawner data to years where 

the parent esc. is less than 75% of 

the min threshold abundance for 
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Is there evidence that >50% of the historical habitat is not 
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Upper Columbia Steelhead (Natural Origin)
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Run   

Year

Brood 

Year

Priest 

Rapids 

Count

Priest 

Rapids 

Prop. 

Wild

Wells 

Dam 

Count

Wells 

Dam 

Prop. 

Wild

1976 1977

9,490           0.148 4,973 0.100

1977 1978

9,632           0.148 5,819 0.100

1978 1979

4,479           0.148 1,831 0.100

1979 1980

8,704           0.148 4,138 0.100

1980 1981

8,308           0.148 3,735 0.100

1981 1982

9,122           0.148 4,757 0.100

1982 1983

10,948         0.129 6,444 0.065

1983 1984

32,103         0.048 20,200 0.013

1984 1985

26,566         0.067 17,353 0.025

1985 1986

34,007         0.095 20,462 0.043

1986 1987

22,364         0.093 13,901 0.030

1987 1988

14,013         0.259 6,168 0.124

1988 1989

10,200         0.202 5,010 0.108

1989 1990

10,718         0.248 5,301 0.131

1990 1991

7,831           0.180 4,577 0.124

1991 1992

13,968         0.170 8,481 0.107

1992 1993

13,707         0.110 7,628 0.054

1993 1994

5,441           0.160 2,992 0.078

1994 1995

6,709           0.127 2,801 0.063

1995 1996

4,357           0.227 1,570 0.123

1996 1997

8,375           0.098 4,663 0.063

1997 1998

8,942           0.088 4,737 0.050

1998 1999

5,847           0.159 3,444 0.080

1999 2000

8,277           0.166 3,919 0.140

2000 2001

11,364         0.206 6,680 0.080

2001 2002

29,844         0.190 18,928 0.050

2002 2003

15,867         0.190 9,779 0.070

2003 2004

17,765         0.160 10,336 0.115

2004 2005

18,727         0.182 9,690 0.091

2004/2005 dam counts from COE website, wild fractions = average of previous 5 years
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Brood Year Spawners %Wild Natural Run Nat. Rtns R/S

SAR Adj. 

Factor

Adj. Rtns adj R/S

1979 1,010 0.98 985 1406 1.39 1.30 1835 1.82

1980 1,416 0.98 1,381 3025 2.14 0.89 2704 1.91

1981 1,561 0.98 1,532 4045 2.59 0.76 3060 1.96

1982 1,746 0.98 1,713 2873 1.65 0.65 1853 1.06

1983 3,159 0.99 3,122 1693 0.54 0.86 1453 0.46

1984 2,214 0.98 2,168 1104 0.50 1.11 1225 0.55

1985 4,410 0.98 4,325 1375 0.31 0.97 1332 0.30

1986 2,616 0.97 2,524 883 0.34 1.19 1050 0.40

1987 1,836 0.96 1,761 1058 0.58 0.91 966 0.53

1988 1,657 0.96 1,590 690 0.42 0.51 350 0.21

1989 1,307 0.96 1,297 822 0.63 0.82 677 0.52

1990 913 0.95 884 182 0.20 2.21 404 0.44

1991 552 1.00 579 121 0.22 2.02 245 0.44

1992 1,080 0.98 1,132 69 0.06 7.01 481 0.44

1993 1,165 0.89 1,122 122 0.10 1.07 130 0.11

1994 272 0.89 251 204 0.75 2.53 517 1.90

1995 51 0.35 18 229 4.52 0.65 148 2.93

1996 158 0.64 109 504 3.18 0.63 317 2.00

1997 383 0.40 182 1759 4.59 0.27 470 1.23

1998 178 0.88 168 686 3.86 0.45 312 1.75

1999 117 0.92 107

2000 601 0.55 331

2001 4,438 0.38 1,779

2002 1,651 0.51 834

2003 534 0.71 378
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1987-1998 1979-1998 geomean

Point Est. 0.77 0.83 0.92 0.93 1.02 1.01 222

Std. Err. 0.53 0.44 0.33 0.28 0.65 0.40 0.40

count 10 12 10 12 12 20 10

R/S measures Lambda measures

Not adjusted SAR adjusted Not adjusted
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SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 0.75 0.21 n/a n/a 0.60 0.78 69.8 0.75 0.15 n/a n/a 0.56 0.52 56.0

Const. Rec 672 173 n/a n/a n/a n/a 67.0 672 135 n/a n/a n/a n/a 57.2

Bev-Holt 3.61 3.78 988 444 0.38 0.82 67.6 2.15 1.06 1281 454 0.36 0.56 51.0

Hock-Stk 2.54 1.44 310 196 0.42 0.82 69.0 1.89 0.66 454 183 0.37 0.62 54.1

Ricker 1.33 0.56 0.00042 0.00024 0.50 0.79 69.7 1.32 0.36 0.00041 0.00016 0.42 0.51 53.0

Not adjusted for SAR Adjusted for SAR
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Brood Year Spawners %Wild Natural Run Nat. Rtns R/S

SAR Adj. 

Factor

Adj. Rtns adj R/S

1979 233 1.00 233 265 1.14 1.30 346 1.49

1980 298 0.95 282 199 0.67 0.89 178 0.60

1981 285 0.96 273 331 1.16 0.76 251 0.88

1982 323 0.96 310 243 0.75 0.65 157 0.49

1983 325 0.90 291 220 0.68 0.86 189 0.58

1984 252 0.85 212 51 0.20 1.11 57 0.23

1985 352 0.87 307 178 0.50 0.97 172 0.49

1986 321 0.85 273 144 0.45 1.19 171 0.53

1987 196 0.77 150 82 0.42 0.91 75 0.38

1988 203 0.84 168 226 1.12 0.51 115 0.57

1989 113 0.71 79 152 1.35 0.82 125 1.11

1990 255 0.89 226 41 0.16 2.21 90 0.35

1991 94 0.78 72 21 0.22 2.02 42 0.44

1992 130 0.80 104 43 0.33 7.01 299 2.31

1993 312 0.88 275 55 0.18 1.07 59 0.19

1994 74 0.95 70 34 0.46 2.53 85 1.16

1995 16 0.66 10 32 1.93 0.65 20 1.25

1996 42 0.80 33 130 3.13 0.63 82 1.97

1997 77 0.83 63 287 3.74 0.27 77 1.00

1998 50 0.80 39 230 4.58 0.45 105 2.08

1999 58 0.39 22

2000 148 0.37 52

2001 424 0.70 291

2002 246 0.66 162

2003 231 0.76 174
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1987-1998 1979-1998 geomean

Point Est. 1.08 0.72 1.04 0.72 1.03 0.99 59

Std. Err. 0.35 0.22 0.20 0.15 0.33 0.19 0.32

count 10 20 10 20 12 20 10

R/S measures Lambda measures

Not adjusted SAR adjusted Not adjusted


image30.emf
SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 0.72 0.16 n/a n/a 0.56 0.64 60.5 0.72 0.11 n/a n/a 0.48 -0.04 47.0

Const. Rec 110 21 n/a n/a n/a n/a 55.3 110 17 n/a n/a n/a n/a 45.8

Bev-Holt 3.63 3.33 148 49 0.42 0.60 55.9 2.13 0.88 186 49 0.25 -0.33 38.8

Hock-Stk 2.46 1.45 47 29 0.43 0.58 55.9 1.17 0.24 123 31 0.28 -0.20 39.3

Ricker 1.73 0.67 0.00448 0.00171 0.46 0.60 57.4 1.61 0.39 0.00409 0.00109 0.26 -0.28 39.1

Not adjusted for SAR Adjusted for SAR
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Brood Year Spawners %Wild Natural Run Nat. Rtns R/S

SAR Adj. 

Factor

Adj. Rtns adj R/S

1979 464 0.95 439 458 0.99 1.30 597 1.29

1980 356 0.91 317 1029 2.89 0.89 920 2.58

1981 448 0.79 348 683 1.53 0.76 517 1.15

1982 536 0.73 386 1335 2.49 0.65 861 1.61

1983 827 0.78 638 1175 1.42 0.86 1008 1.22

1984 877 0.86 749 1124 1.28 1.11 1247 1.42

1985 1,212 0.76 911 1038 0.86 0.97 1006 0.83

1986 894 0.77 685 677 0.76 1.19 805 0.90

1987 1,453 0.90 1,306 711 0.49 0.91 649 0.45

1988 1,598 0.80 1,267 1897 1.19 0.51 962 0.60

1989 1,088 0.96 1,039 637 0.59 0.82 525 0.48

1990 1,089 0.97 1,059 47 0.04 2.21 104 0.10

1991 484 0.96 461 57 0.12 2.02 115 0.24

1992 1,599 0.95 1,516 155 0.10 7.01 1085 0.68

1993 1,345 0.87 1,169 183 0.14 1.07 195 0.14

1994 277 0.96 266 110 0.40 2.53 279 1.01

1995 22 0.89 20 156 6.99 0.65 101 4.52

1996

1997 317 0.70 240 1268 4.00 0.27 339 1.07

1998

1999 73 0.82 129

2000 784 0.27 206

2001 9,728 0.19 1,694

2002 2,555 0.27 641

2003 1,039 0.08 76


image40.emf
Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1987-1998 1979-1998 geomean

Point Est. 1.40 0.80 1.27 0.80 1.08 1.10 180

Std. Err. 0.42 0.34 0.27 0.25 1.58 0.84 0.43

count 9 16 9 16 12 20 10

R/S measures Lambda measures

Not adjusted SAR adjusted Not adjusted
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SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 0.73 0.23 n/a n/a 1.02 0.65 66.2 0.78 0.17 n/a n/a 0.70 0.43 53.2

Const. Rec 450 119 n/a n/a n/a n/a 60.0 482 94 n/a n/a n/a n/a 49.1

Bev-Holt 9.86 16.11 518 168 0.68 0.65 61.9 4.61 3.71 646 175 0.46 0.34 47.1

Hock-Stk 6.99 7.45 68 75 0.69 0.65 61.9 4.52 3.42 117 91 0.48 0.34 47.8

Ricker 2.54 1.34 0.00151 0.00055 0.90 0.53 62.9 1.98 0.71 0.00112 0.00038 0.55 0.20 48.9

Not adjusted for SAR Adjusted for SAR
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Brood Year

Total 

Spawners 

Effective 

Spawners

% Natural-

Origin

Natural 

Run 

(Adults)

Natural 

Returns

Return per 

Spawner

SAR Adj. 

Factor

SAR Adj. 

Returns

Adj. Return 

per 

Spawner

1980 819 819 20% 163 520 0.63 273 0.33

1981 420 420 20% 83 684 1.63 312 0.74

1982 853 853 22% 192 846 0.99 351 0.41

1983 1,692 1,692 17% 288 890 0.53 536 0.32

1984 5,619 5,619 8% 426 1361 0.24 1,030 0.18

1985 4,507 4,507 11% 481 868 0.19 727 0.16

1986 5,895 5,895 15% 882 618 0.10 690 0.12

1987 4,493 4,493 17% 776 523 0.12 583 0.13

1988 4,032 4,032 35% 1,419 754 0.19 1,016 0.25

1989 2,566 2,566 35% 901 328 0.13 968 0.38

1990 2,181 2,181 39% 842 255 0.12 1,546 0.71

1991 1,324 1,324 33% 433 250 0.19 1,325 1.00

1992 1,999 1,999 40% 799 267 0.13 1,080 0.54

1993 3,165 3,165 16% 509 236 0.07 525 0.17

1994 1,164 1,164 24% 278 269 0.23 325 0.28

1995 1,746 1,746 16% 273 310 0.18 251 0.14

1996 1,300 1,300 28% 368 528 0.41 282 0.22

1997 463 463 52% 242 1098 2.37 357 0.77

1998 602 602 42% 250 1867 3.10 917 1.52

1999 343 343 70% 241 334 0.97 192 0.56

2000 1,030 1,030 35% 365 878 0.85 291 0.28

2001 1,655 1,655 42% 696 - - - -

2002 5,000 5,000 39% 1,947 - - - -

2003 2,598 2,598 33% 851 - - - -

2004 2,948 2,948 22% 653 - - - -

2005 3,608 3,608 23% 813 - - - -

2006 2,219 2,219 41% 911 - - - -


image59.emf
Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1988-1999 1980-1999 geomean

Point Est. 0.42 1.80 0.44 0.84 1.03 1.05 559

Std. Err. 0.29 0.25 0.17 0.21 0.08 0.09 0.22

count 15 20 15 20 12 20 10

R/S measures Lambda measures

Not adjusted SAR adjusted Not adjusted
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SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 0.27 0.07 n/a n/a 0.74 0.62 65.0 0.29 0.06 n/a n/a 0.50 0.57 55.4

Const. Rec 479 85 n/a n/a n/a n/a 52.4 511 98 n/a n/a n/a n/a 55.2

Bev-Holt 50.00 426.95 483 91 0.47 0.51 55.2 0.67 0.39 1039 545 0.35 0.64 53.8

Hock-Stk 1.83 0.13 261 0 0.47 0.51 55.2 1.65 4.75 309 888 0.33 0.74 58.0

Ricker 0.59 0.21 0.00033 0.00013 0.57 0.60 61.9 0.48 0.14 0.00021 0.00010 0.39 0.60 54.4

Not adjusted for SAR Adjusted for SAR
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Wenatchee River Steelhead Current Status 

Various Poptools Fits (with SAR adjustment)

Assumes 100% hatchery effectiveness
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Brood Year

Total 

Spawners 

Effective 

Spawners

% Natural-

Origin

Natural 

Run 

(Adults)

Natural 

Returns

Return per 

Spawner

SAR Adj. 

Factor

SAR Adj. 

Returns

Adj. Return 

per 

Spawner

1980 819 360 20% 163 520 1.44 273 0.76

1981 420 184 20% 83 684 3.71 312 1.69

1982 853 390 22% 192 846 2.17 351 0.90

1983 1,692 709 17% 288 890 1.25 536 0.76

1984 5,619 1,984 8% 426 1361 0.69 1,030 0.52

1985 4,507 1,689 11% 481 868 0.51 727 0.43

1986 5,895 2,386 15% 882 618 0.26 690 0.29

1987 4,493 1,891 17% 776 523 0.28 583 0.31

1988 4,032 2,202 35% 1,419 754 0.34 1,016 0.46

1989 2,566 1,400 35% 901 328 0.23 968 0.69

1990 2,181 1,244 39% 842 255 0.20 1,546 1.24

1991 1,324 700 33% 433 250 0.36 1,325 1.89

1992 1,999 1,159 40% 799 267 0.23 1,080 0.93

1993 3,165 1,306 16% 509 236 0.18 525 0.40

1994 1,164 544 24% 278 269 0.49 325 0.60

1995 1,746 715 16% 273 310 0.43 251 0.35

1996 1,300 648 28% 368 528 0.82 282 0.44

1997 463 308 52% 242 1098 3.56 357 1.16

1998 602 355 42% 250 1867 5.25 917 2.58

1999 343 272 70% 241 334 1.23 192 0.71

2000 1,030 565 35% 365 878 1.55 291 0.52

2001 1,655 984 42% 696 - - - -

2002 5,000 2,863 39% 1,947 - - - -

2003 2,598 1,375 33% 851 - - - -

2004 2,948 1,342 22% 653 - - - -

2005 3,608 1,652 23% 813 - - - -

2006 2,219 1,303 41% 911 - - - -
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1988-1999 1980-1999 geomean

Point Est. 0.68 0.30 0.69 0.87 1.03 1.05 559

Std. Err. 0.23 0.25 0.14 0.19 0.08 0.09 0.22

count 20 20 20 20 12 20 10

R/S measures Lambda measures

Not adjusted SAR adjusted Not adjusted
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SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 0.71 0.16 n/a n/a 0.40 0.78 62.4 0.72 0.10 n/a n/a 0.28 0.51 41.9

Const. Rec 569 80 n/a n/a n/a n/a 43.0 584 83 n/a n/a n/a n/a 43.2

Bev-Holt 50.00 108.23 579 86 0.26 0.59 46.0 1.50 0.54 1287 480 0.20 0.47 37.2

Hock-Stk 3.13 10.37 182 603 0.26 0.59 45.8 0.89 0.14 1043 249 0.23 0.41 38.9

Ricker 1.99 0.62 0.00100 0.00025 0.33 0.66 53.6 1.21 0.25 0.00049 0.00017 0.21 0.44 37.6

Not adjusted for SAR Adjusted for SAR
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Wenatchee River Steelhead Current Status 

Various Poptools Fits (no SAR adjustment)

Assumes 50% hatchery effectiveness
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Wenatchee River Steelhead Current Status 

Various Poptools Fits (with SAR adjustment)

Assumes 50% hatchery effectiveness
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Entiat River Summer Steelhead (UCENT-s)
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