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Glossary
The following definitions correspond to the usage of particular terms and concepts in the ICTRT Current Status Assessments.  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 – 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 more than 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.
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[bookmark: _Toc230504578]Introduction
The Interior Columbia Basin Technical Recovery Team (ICTRT) is one of a series of Technical Recovery Teams established by the National Marine Fisheries Service (NOAA Fisheries) to provide scientific input and guidance into regional recovery planning efforts for listed salmon and steelhead.  The Interior Columbia River basin domain includes four salmon evolutionarily significant units (ESUs) and three steelhead distinct population segments (DPSs) listed under the Endangered Species Act.  

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

The ICTRT has compiled current status assessments for each listed Interior Columbia River Basin ESU/DPS in order to provide NOAA Fisheries and the participants in regional recovery planning efforts with a consistent overview of the current viability status and risk levels.  The assessments use available information to characterize the current status of each ESU/DPS in the context of the ICTRT viability criteria.  The ICTRT viability criteria address risk in terms of the distribution and characteristics of the component populations of an ESU/DPS.  The viability criteria are specifically designed to relate directly to the primary drivers of evolutionary and ecological functionality.  A more detailed discussion of the purpose and derivation of the ICTRT viability criteria can be found in ICTRT 2007a.  Although not designed as a limiting factors analysis, the results from the current status assessments described in this document can be used to direct or inform detailed limiting factors/threats assessments across the DPS. 

We have organized the Interior Columbia basin status reviews into three volumes: Volume I - Snake River spring/summer Chinook salmon ESU, Snake River steelhead DPS, Snake River fall Chinook salmon ESU and Snake River sockeye ESU; Volume II - Upper Columbia River spring Chinook salmon ESU and Upper Columbia River steelhead DPS; and Volume III – Middle Columbia River steelhead DPS.  In this report we summarize viability criteria, methods, current status results, and future monitoring and evaluation needs for the Middle Columbia steelhead DPS.  
[bookmark: _Toc201478194][bookmark: _Toc230504579]
  Middle Columbia River Steelhead DPS 
[image: ]The ICTRT has identified 17 extant Oncorhynchus mykiss populations that include anadromous steelhead in the Middle Columbia River (Mid-Columbia) DPS (Figure 1–1).  The populations are organized into four major population groups (MPGs).  The MPGs within this DPS are distributed broadly and thus are influenced by a wide range of habitat and climatic conditions.  A detailed summary of the current status of each MPG is provided below.  The MPG summaries are based on the individual viability status assessments of the component populations.  
Figure 1–1.  Middle Columbia River steelhead distinct population segment (DPS) showing major population groups (MPGs) and populations.




[bookmark: _Toc201478195][bookmark: _Toc230504580]Methods
The methods used to generate the current status review of the Middle Columbia River (Mid-Columbia) steelhead 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 Mid-Columbia steelhead populations against those criteria, and a summary of the available data used in the assessments for each population.  We also briefly discuss potential needs for improvements and additions to the current monitoring programs that would reduce uncertainties in future assessments.  
[bookmark: _Toc201478196][bookmark: _Toc230504581]  ICTRT Viability Criteria
Our viability criteria reflect the hierarchical structure of Interior Columbia ESUs/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: _Toc201478197][bookmark: _Toc230504582]  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 Major Population Groups (MPGs) - geographically and genetically cohesive groups of populations within an ESU that are critical components of ESU-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.  MPG viability depends on the number, spatial arrangement, and diversity associated with its component populations.  We have developed the following MPG level criteria considering relatively simple and generalized assumptions about movement or exchange rates among individual populations (details for population viability are provided in the next section).



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

1. At least one-half of the populations historically within the MPG (with a minimum of two populations) should meet viability standards.
2. At least one population should be classified as “Highly Viable.” 
3. Viable populations within an MPG should include some populations that are classified (based on historical intrinsic potential) as “Very Large”, “Large” or “Intermediate” generally reflecting the proportions historically present within the MPG.  In particular, Very Large and Large populations should be at or above their composite historical fraction within each MPG.
4. All major life history strategies (e.g. spring and 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); and b) sufficient spatial structure and diversity demonstrated by achieving “Maintained” standards.
[bookmark: _Toc201478198][bookmark: _Toc230504583]  Population Viability Criteria
Abundance and Productivity Criteria
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; and 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 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: ]
[bookmark: _Ref198960370]Figure 2‑1.  Example of a population viability curve.
Estimating Current Population Abundance and Intrinsic Productivity
The underlying objective of the comparison of current status against a viability curve is to evaluate the relative likelihood that natural-origin fish in the population of interest are capable of being self-sustaining.  Comparing current status against the appropriate viability curve requires a measure of recent natural-origin abundance and a measure of recent average intrinsic productivity.  Intrinsic productivity is the expected production rate (expressed as a ratio of returns to spawn in future years vs. parent spawning abundance) experienced when spawner densities are low and density dependence is not a major factor reducing productivity.  The recent abundance metric must be measured in terms of 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 Mid-Columbia steelhead populations using a standard procedure (Figure 2–2) designed provide consistent and objective population-specific estimates across Interior Columbia ESUs.  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 a 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.
[bookmark: _Toc198974441][bookmark: _Toc198974492][bookmark: _Toc198974678][bookmark: _Toc198974748][bookmark: _Toc198975194][bookmark: _Toc198975262][bookmark: _Toc199038950][bookmark: _Toc199039903][bookmark: _Toc199040201][bookmark: _Toc199040250][bookmark: _Toc199040880][bookmark: _Toc199041147][bookmark: _Toc199041813][bookmark: _Toc199044593][bookmark: _Toc199045138][bookmark: _Toc161814069][image: ][bookmark: _Ref198960605]Figure 2‑2.  General procedure for estimating current population productivity.  Data requirements: recent 20-year series of brood year return per spawner values (returns to spawning grounds vs. parent spawners).  Population size threshold based on ICTRT intrinsic habitat potential analysis.  

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 when than half of the historically accessible habitat has been lost or highly degraded.  Except for the Deschutes River Eastside population, the procedure resulted in calculating current intrinsic productivity as the average for data pairs where the parent escapement was less than 75% of the minimum abundance threshold applicable to the population.  The data series for the Deschutes River Eastside population had R/S estimates produced from parent escapements below 75% of the threshold; therefore, the average productivity from parent escapements (a total of 5) below the median value for the data series was used.  For this population the estimated productivities calculated for the two methods were virtually identical. 
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.  
There are no long term datasets of natural run SAR estimates available for Mid-Columbia steelhead.  We developed a composite SAR index (Figure 2–3) by averaging across annual SAR series for the Deschutes River hatchery program and aggregate indices for the Upper Columbia and Snake River natural steelhead runs (Appendix A).  
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[bookmark: _Ref198960643]Figure 2‑3.  M id-Columbia steelhead SAR index plotted with component data series.



The resulting composite SAR index was used in calculating a set of current productivity estimates for each population data series adjusted to reflect average annual out-of-basin survival rates.  For each population series, the individual brood year return estimates were adjusted by applying the corresponding annual value from the Mid-Columbia SAR index series.  For example, using the averaged Mid-Columbia SAR index value for the 1996 brood year (1998 smolt out-migration) was approximately 24% higher than average.  For any of the Mid-Columbia population data series, the SAR-adjusted productivity value for brood year 1996 was calculated by multiplying the estimated R/S by 0.76 to express the R/S value for that brood year in terms of the average SAR.

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).

[bookmark: _Ref198966185]
Table 2–1.  Scoring system for deriving a composite population-level spatial structure and diversity rating.  Metrics and descriptions in the "Assessed Risk" column 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. 
	Same as Goal A Mechanism score
	Lower score (highest risk) of:
Goal A or Goal B score

	
	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
	Lower score (highest risk) of:
B.1.a., B.1.b. or B.1.c.
	Lowest score (highest risk) of:
B1 Mechanism score 
or 
Mean of B.1, B.2, B.3, and B.4 scores
	

	
	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 B.2.a. metrics rated moderate, then High Risk; otherwise lowest score (highest risk) 
	Same as B.2.a. Factor score
	
	

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

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

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

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

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


Integrated Population Risk Assessment
We integrate all four VSP parameters using a simple matrix approach as a framework (Figure 2–4).  We base our ratings of the overall status of each population on two composite metrics.  The A/P metric combines the abundance and productivity VSP criteria (McElhany et al. 2000) using a viability curve.  The second composite metric (SS/D) integrates across twelve measures of spatial structure and diversity.  Determining if the remaining populations in an MPG are satisfying the maintained criteria requires additional considerations described below.
Viable and Highly Viable populations are rated directly as specific combinations of A/P and SS/D risk ratings (Figure 2–4).  The composite A/P and SS/D metrics are expressed relative to a 5% risk of extinction within 100 years.  Populations with a Very Low rating for A/P and at least a Low rating for SS/D 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.  

	
	
	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 2–4.  Matrix of possible abundance/productivity (A/P) and spatial structure/diversity (SS/D) scores for application at the population level.  Percentages for A/P scores represent the probability of extinction over a 100-year time period.  HV – Highly Viable; V – Viable; M –Maintained; HR – High Risk.  Shade of cells indicates risk level (darker cells are at greater risk).

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

[bookmark: _Toc201478199][bookmark: _Toc230504584]  Population Specific Datasets
In 2003 the West Coast Salmon Biological Review Team (NWFSC and SWFSC) compiled coast-wide status reviews of listed salmon and steelhead ESUs/DPSs.  The trend analyses for Interior Columbia Basin Chinook salmon and steelhead used in that report generally extended through return year 2001.  Updated trend datasets (generally through 2002 or 2003) were compiled for use by the ICTRT in developing viability criteria, conducting current status reviews and calculating abundance and productivity “gaps”.  Each population status summary in this volume includes a description of the methods used to generate annual estimates of population abundance, age structure, and hatchery contribution.  The current A/P risk ratings for each population are based on the most recent 20 brood years (when available); tables summarizing adult spawner and return data (including age structure) are provided at the end of each population assessment section.  
Annual estimates of the fraction of natural-origin and age composition are also included where available.  In many cases, sampling levels are not sufficient for generating annual estimates of age composition.  In those instances entries in the annual age composition columns are an overall average applicable to the area, not a specific estimate from sampling for a particular year. 




Table 2–2.  Summary of methods used in generating population-specific abundance/productivity datasets for Mid-Columbia steelhead DPS populations. 
	
Population
	
Annual Spawner Abundance 
	
Age Composition
	
Hatchery-Origin/ Natural-Origin

	
	Recent Years
	Earlier Years
	
	

	Cascades MPG

Deschutes R. (E)





Deschutes R. (W)









Fifteenmile Creek





Klickitat R.




Rock Creek
	1990-: Expansions from single pass surveys in major tributary spawning reaches (within Bakeoven, Buck Hollow and Trout Creek (1993, 1995- ).  Area expansion (using weighted intrinsic potential).  2.1 spawners per redd (ODFW Deer Cr. Grande Ronde estimate).

Annual spawning escapement estimates summed across three geographic areas.  Warm Springs Creek 1978-present hatchery weir counts (rkm 16);  Shitake Creek–1982-present, expansions from single pass index redd counts, area expansion based on accessible weighted intrinsic potential habitat
Mainstem Deschutes above Trout Cr:  1995-1997, 2001: expanded from index redd counts based on weighted intrinsic potential.
All areas – total redd estimates expanded by 2.1 fish per redd (ODFW Deer Cr. Gr. Ronde estimate)

2003- : Annual spawning ground surveys (3 passes over the spawning period) in one-mile sites selected randomly from stratified five-mile survey units in Fifteenmile, Ramsey, Eightmile, and Fivemile Creeks.  Total redd estimates expanded by 2.1 fish per redd (ODFW Deer Cr. Gr. Ronde estimate).

2005/2006: Mark-recapture based estimates of total escapement above Lyle Falls (below tributary spawning areas).  Separate estimates for hatchery and natural origin runs.  Estimating spawners requires deductions for upstream harvest, pre-spawn mortalities.  No direct estimates available prior to 2005/2006 return year.

No direct estimates available
	







Mainstem: 1978-1994, recent years without direct estimate: Average ratio of abundance in mainstem above Trout Creek to Sherars Falls escapement estimate.




1985-2002: Expanded from single pass index reaches in Upper Fifteenmile, Ramsey, and Eightmile Creeks.
	Year specific estimates not available.  Applied average age structure from a two-year sample of scales from natural-origin adult steelhead (N=100) collected in the lower Deschutes River.


Year specific estimates not available.  Applied average age structure from a two-year sample of scales from natural-origin adult steelhead (N=100) collected in the lower Deschutes River. 




No direct sampling data.  Applied annual age composition estimates for Hood River winter run - closest wild winter run steelhead population with winter run traits









No direct estimates available
	1990-: Annual estimates based on obs. Ad-clipped vs. unclipped during spawning surveys.  Stratified by major spawning area. Regression on Sherars Falls (or hatchery return ratios if sample size less than 10). 

Annual Warm Springs hatchery rack count ratio of natural and hatchery-origin returns assumed to apply to entire population.







No systematic annual sampling.  Assumed that hatchery contributions are negligible based on no ad-clips in available samples, no hatchery releases in system.



2005/2006: Separate estimates of hatchery & natural-origin run past Lyle Falls.



No direct sampling, inferences from information for neighboring populations

	John Day MPG
 Lower Mainstem
North Fork
Middle Fork
Upper Mainstem
South Fork

	
All populations: 1965 to 2005.  Population specific index redd counts expanded by average ratio of EMAP population estimates to index counts for 2004 & 2005 (0.355).  Estimated total redds expanded by 2.1 fish/redd (from Deer Creek (Grande Ronde) weir vs. redd counts (ODFW).
	
	
All John Day populations: average age composition of natural returns in 1980s above Tumwater Falls. 
	
Lower Mainstem: Ad-clipped ratio from carcass sampling

Composite estimate for other John Day populations from observed ad-clip ratios in spawning surveys (1992-present), screw trap/seine 

	Umatilla/Walla Walla MPG
Umatilla R.



Walla Walla R.




Touchet R.
	

1988-present: trap and/or video counts at Three Mile Dam reduced to account for estimated in- basin harvest and pre-spawning mortalities.


2002-2005 Nursery Bridge weir video counts (inoperable in 2004).




1987-2001 (missing 1996 and 1997).  Expansions from WDFW redd counts, Dayton trap counts.  

	

1984-87: Mark recap.
1967-83: Electronic counter 


1993-2001: Nursery Bridge trap counts, mark-recapture



No estimates prior to 1987
	

1994-2004: scale sampling at Three Mile Dam. Avg. applied to prior return years


Average age composition from 1993-1995 scale samples applied to all years. 



Dayton Trap average age composition (2004 Walla Walla Subbasin Plan, Fig. 4.2, attributed to WDFW)
	

Three Mile Dam composite natural and hatchery returns adjusted to remove in-basin harvest estimates.


1993-2001: Annual estimates based on natural and hatchery adults passed at Nursery Bridge weir.  Average for that period applied to 2002-2005.

Dayton Trap: annual estimates of natural and hatchery-origin adults passing weir. 2004 Subbasin plans attributes to WDFW.

	Yakima MPG
Satus Creek

Toppenish Creek

Naches R.

Upper Yakima R.
	
1984-present:  Prosser Dam counts (below current production areas for all four populations) allocated to populations based on redd survey, radio tracking results.




Roza Dam counts, Prosser Dam count allocation

	







	Yakima Subbasin Plan 
(table )
Average age comp—Satus Creek
  
Toppenish/Naches/Upper Yakima composite

	Yakima Subbasin Plan (table)

Satus/Toppenish/Naches
Prosser Dam counts of hatchery and natural returns (annual 1986-) 



Upper Yakima: Roza Dam counts of hatchery and natural



[bookmark: _Toc201478200][bookmark: _Toc230504585]  Monitoring/Evaluation: Opportunities for Improvements
Mid-Columbia regional recovery plans have clearly identified the importance of periodic (e.g., at five year intervals) status assessment reviews to track progress towards recovery objectives.  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 some of the draft regional Mid-Columbia 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: _Toc201478201][bookmark: _Toc230504586]  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: _Toc201478202][bookmark: _Toc230504587]  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 2007) 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 Mid-Columbia steelhead DPS:
· Annual estimates of the number of spawners by population
· Population-level estimates of hatchery proportions in natural spawning areas
· Representative estimates of juvenile production and SAR rates
· Genetics baseline information in high priority situations
· Phenotypic and life history strategy evaluations, habitat indicators
· Information support for assessment of selective mortality effects
Based on those general recommendations and our experience compiling the current status reviews included in this report, we developed a summary of opportunities for improving future status assessments organized by MPG.  These summaries 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 incorporated into the regional sections of the draft Mid-Columbia Recovery Plan, provides a technical basis for improving the ability to routinely assess status and trends across the Mid-Columbia DPS.  
Cascades Eastern Slope Tributaries MPG  
The primary opportunities for reducing uncertainty in population-level status reviews for this MPG include improving estimates of hatchery contributions to spawning by the major areas.  Relatively high levels of hatchery-origin returns are associated with the three largest extant populations in this MPG (Deschutes River Eastside, Deschutes River Westside and Klickitat River).  However, except for the Deschutes River Westside, there is little direct sampling information on the relative proportion of hatchery-origin spawners across spawning areas within each population.  Both of the Deschutes River populations include mainstem components.  Abundance and relative contribution of hatchery spawners to these areas is estimated by extrapolation.  More direct estimates of abundance and hatchery fractions in these areas would reduce uncertainties for future status assessments.  Until the initiation of mark-recapture based sampling for the 2005/2006 return year, no direct estimates of abundance were available for the Klickitat River population.  The approach generates separate estimates of the number of hatchery and natural-origin returns transiting above Lyle Falls (below major steelhead spawning areas).  The hatchery program in the Klickitat River drainage was designed to promote separation between hatchery-origin and natural-origin returns to the spawning grounds.  No direct estimates are available of the relative distribution of hatchery-origin vs. natural-origin spawners across spawning areas within the population.  Given the relative size of the hatchery return, information on the relative distribution of spawners would contribute to reducing uncertainties concerning the effectiveness of the release strategy. 
John Day River MPG
Current annual abundance estimates are based on expanding from index reach counts.  Index reach counts have been conducted in selected reaches throughout the John Day basin since the early 1960s.  A relatively small proportion of the total spawning habitat within the basin is covered by index reaches.  Starting in 2004, the index survey strategy in the John Day River was extended into a probabilistic sampling strategy—Environmental Monitoring and Assessment Program (EMAP).  Initial results from that effort indicate that average spawner densities in non-index areas average approximately 1/3 the densities in the index area reaches.  The current EMAP design is set up to generate annual estimates for the entire John Day basin, not for individual populations.  The uncertainty level associated with generating population-specific annual abundance estimates could be reduced by expanding the EMAP effort to support population-specific estimates; options would include an expansion allowing for annual estimates for all five populations or a rotating panel design that would periodically shift detailed population-level assessments among the five populations.  Expanded EMAP sampling designs would also reduce the current uncertainty associated with population-specific estimates of the relative proportion of hatchery-origin steelhead spawners.  Adult steelhead observations during the spawning surveys are used to generate hatchery contribution estimates.  Under the current sampling pattern, a population-specific estimate is generated for only the Lower Mainstem.  A single, average, contribution rate estimate is generated for the four remaining populations.
Umatilla/Walla Walla Rivers MPG    
Annual abundance estimates for the Umatilla River steelhead population are based on counts at Three Mile Dam, below the major spawning areas in the drainage.  Current estimates of annual abundance for both the Walla Walla and Touchet River steelhead populations are based on expansions from weir counts of returns to a portion of the drainage used for spawning and rearing.  Under some flow conditions in past years, there have been substantial problems associated with getting a consistent count of fish passing the weirs for both populations.  Recent modifications should result in improved counts.  Status assessments for all three populations would be improved by the incorporation of routine, direct monitoring of the relative distribution of spawners across spawning areas.  Hatchery spawners are present in all three systems; very little direct information is available on the relative distribution of hatchery-origin spawners across major spawning areas within each population.  The Umatilla River population as defined by the ICTRT includes several small downstream tributaries entering the mainstem Columbia River on the Washington side.  These tributaries have not been routinely surveyed.  Periodic surveys in these tributaries to confirm usage by steelhead would contribute to future status assessments of the Umatilla River population. 
Yakima River MPG
Current population abundance estimates are based on allocating Prosser Dam aggregate adult return estimates to population areas using available redd counts and the results of two years of radio-tracking studies in the early 1990s.  Annual counts at Roza Dam allow for direct estimation of returns to the bulk of spawning and rearing areas within the Upper Yakima River population.  The highest priority opportunity for improving estimates of abundance in the Yakima River MPG is the Naches River population.  Opportunities to obtain reliable, population-specific estimates of returns to the Naches River system through expanding the current redd counting program are limited, at least in most years, by environmental conditions during the steelhead spawning season.  A mixed stock separation approach based on DNA sampling of the aggregate run at Prosser Dam combined with representative sampling within each of the four population tributaries is being evaluated.  Alternative options would include periodic adult radio-tracking studies.  
General Opportunities
The ICTRT Viability report identifies obtaining representative estimates of SAR rates as a high priority for all ESUs/DPSs.  SAR estimates 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 representative of populations across the Mid-Columbia steelhead DPS should be considered as part of an improved monitoring evaluation program.

The ICTRT Viability report also identifies a priority for improved steelhead genetics information for Mid-Columbia steelhead 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.  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 – Middle Columbia River Steelhead DPS
The Middle Columbia River (Mid-Columbia) steelhead DPS consists of 17 extant populations distributed among four MPGs (Figure 3–1).  As described above, 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 DPS that could satisfy the ICTRT DPS/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. 
[bookmark: _Ref198966427][image: Updated MID_COLUMBIA_mpg-options]
Figure 3‑1.  Mid-Columbia steelhead distinct population segment (DPS) with populations and major population groups (MPGs) identified.  See Table 3–1 for list of Map Population Codes.

We evaluated the current status of each extant population in the Mid-Columbia steelhead DPS and used those assessments to determine if each of the individual MPGs in the DPS 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.  
[bookmark: _Ref198966583][image: STHDmpg-viability-midColWithoutSize]Figure 3‑2.  Mid-Columbia steelhead distinct population segment (DPS) 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 Mid-Columbia steelhead distinct population segment (DPS).
	Major Population Grouping (MPG)
	
Population
	Map Population Code
	Population Viability Rating
	MPG meeting Viability Criteria?

	Cascades Eastern Slope Tributaries
	Klickitat River
	MCKLI-s
	Maintained (?) 2
	NO

	
	Fifteenmile Creek
	MCFIF-s
	Viable
	

	
	Deschutes River East
	DREST-s
	Viable
	

	
	Deschutes River West 1
	DRWST-s
	High Risk
	

	
	Rock Creek
	MCROC-s
	High Risk 2
	

	
	White Salmon River
	MCWSA-s
	Extirpated
	

	
	Crooked River
	DRCRO-s
	Extirpated
	

	John Day River
	John Day Lower Main.
	JDLMT-s
	Maintained
	NO

	
	John Day North Fork
	JDNFJ-s
	Highly Viable
	

	
	John Day Middle Fork
	JDMFJ-s
	Maintained
	

	
	John Day South Fork
	JDSFJ-s
	Maintained
	

	
	John Day Upper Main.
	JDUMA-s
	Maintained
	

	Umatilla / Walla Walla Rivers
	Umatilla River
	MCUMA-s
	Maintained
	NO

	
	Walla Walla River
	WWMAI-s
	Maintained
	

	
	Touchet River
	WWTOU-s
	Maintained 2
	

	
	Willow Creek
	MCWIL-s
	extirpated
	

	Yakima River Group
	Satus Creek
	YRSAT-s
	Maintained
	NO

	
	Toppenish Creek
	YRTOP-s
	Maintained
	

	
	Naches River
	YRNAC-s
	High Risk
	

	
	Yakima Upper Mainstem
	YRUMA-s
	High Risk
	


1 This population is treated as “intermediate” in size and complexity with respect to abundance and productivity criteria based on currently accessible habitat (below Pelton Reregulation Dam).
2 Risk rating reflects uncertainty due to the limited set of annual return estimates (with significant missing years) currently available.
DPS Status:  The Mid-Columbia steelhead DPS does not currently meet viability criteria based on the determination that all four of the component MPGs are rated as not meeting ICTRT viability criteria.


[bookmark: _Toc201478205]  Current Status Summary – Cascades Eastern Slope Tributaries MPG
[image: eastslopempg]The Cascades Eastern Slope Tributaries MPG is the lowest of the four MPGs in the Mid-Columbia steelhead DPS, with six identified populations (Figure 3.1-1), including the extirpated White Salmon River and Crooked River (Deschutes drainage).  The Crooked River population included sufficient habitat to have been rated as very large in size and complexity.  The Deschutes River Westside population fell into the large population category based on historical intrinsic potential analysis.  The Deschutes River Eastside and Klickitat River populations meet the size requirements for intermediate and the remaining three populations are classified as basic.  With two exceptions, the populations in this MPG are considered summer run steelhead.  The Fifteenmile Creek population is considered a winter run and the Klickitat River has both winter and summer adult run timing components.  Median spawning elevations range from approximately 500m to 800m.  Four populations are predominately in the Eastern Cascades—one in the Blue Mountains and one in the Columbia Plateau ecoregions. Figure 3.1– 1.  Steelhead populations in the Cascades Eastern Slope Tributaries major population group (MPG).  See Table 3–1 for list of Map Population Codes.



Table 3.1– 1.  Cascades Eastern Slope Tributaries MPG - ICTRT population level viability ratings.
	
	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
	

	Klickitat R.
	Extant
	Insufficient data
	1000
	Insufficient data
	1.35
	Moderate[footnoteRef:1] [1:  Moderate rating (provisional) for Klickitat River population based on redd counts in some years, relative hatchery/natural-origin fractions in catch samples, and extrapolation from other DPS populations. ] 

	Low
	Moderate
	Moderate
	Maintained?

	Fifteenmile Creek
	Extant
	703
	500
	1.82
	1.56
	Low
	Very Low
	Low
	Low
	Viable

	Deschutes R. East
	Extant
	1,599
	1000
	1.89
	1.35
	Low
	Low
	Moderate
	Moderate
	Viable

	Deschutes R. West
	Extant
	456
	1000
	1.05
	1.35
	High
	Low
	Moderate
	Moderate
	High Risk

	Rock Creek
	Extant
	Insufficient data
	500
	Insufficient data
	1.56
	High[footnoteRef:2] [2:  Annual surveys not conducted; therefore we assumed a provisional A/P rating of High. ] 

	Moderate
	Moderate
	Moderate
	High Risk?

	White Salmon R.
	Extinct[footnoteRef:3] [3:  Assumed to be functionally extinct (upstream habitat cut off by Condit Dam).] 

	N/A
	500
	N/A
	1.56
	Extinct*
	N/A
	N/A
	N/A
	Extinct

	Crooked R.
	Extinct
	N/A
	2,250
	N/A
	1.19
	Extinct
	N/A
	N/A
	N/A
	Extinct



The Cascades Eastern Slope Tributaries 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 3.1-1 and Figure 3.1-2.  Meeting the draft ICTRT MPG criteria would require that at least four of the seven historical populations in this MPG to exceed population level viability objectives, including two from the large or very large size categories.  Fifteenmile Creek and Klickitat River populations should be included based on their particular adult run timing patterns (major life history consideration).  Two populations within this MPG are meeting viability criteria for low risk and neither is currently rated at very low risk.   



	

	
	Spatial Structure/Diversity Risk

	
	
	Very Low
	Low
	Moderate
	High

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

	
	Low
 (1-5%)
	V
	V
Fifteenmile Cr.
	V
Deschutes East
	M

	
	Moderate
(6 – 25%)
	M
	M
	M
Klickitat (??)
	HR

	
	High
 (>25%)
	HR
	HR
	HR
Deschutes West
Rock Cr. (??)
	
HR



Figure 3.1– 2.  Cascades Eastern Slope Tributaries 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).  
(??):  Insufficient data to directly assess abundance/productivity; ratings are inferred from available information including assessments of other populations in the MPG.
The three populations in this MPG that currently do not meet viability criteria are rated at moderate or high risk for abundance and productivity (A/P).  The Deschutes River Westside population estimates for both parameters are below the minimum requirements (Figure 3.1–2). 
The 10-year geometric mean natural-origin spawner abundance trends were similar for the three populations that had adequate long-term data series in this MPG.  All three populations reached their lowest 10-year geometric mean abundance in the mid- or late 1990s and trended upwards since the mid-1990s (Figure 3.1-3).  The highest abundances in all three populations occurred in the early 2000s, resulting from the high productivity for the low parent spawner abundances in the late 1990s.  Until the 2006 return year, direct estimates of natural and hatchery escapements in the Klickitat River have not been possible.  We have provisionally assigned the Klickitat population a moderate risk rating based on the size of the natural-origin returns in 2005/2006 and the moderate SS/D rating.  Information on current spawning levels in Rock Creek is limited to a few observations of redds in some years, therefore we assigned a high risk rating based largely on the uncertainty in current abundance for this relatively small population.  To achieve viable status in this MPG based on current extant populations, the Fifteenmile Creek, Deschutes River Eastside, Deschutes River Westside, and Klickitat populations must all achieve viable status. 


Table 3.1– 2.  Summary of population-level spatial structure and diversity (SS/D) criteria ratings for the Cascades Eastern Slope Tributaries MPG 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 Traits
	Genetics
	Spawner Composition
	Ecoregion Distribution 
	Selectivity

	Klickitat 
River
	L
	L
	L
	L
	M??
	M
	H (a.1)?
	M
	L

	Fifteenmile 
Creek
	VL
	VL
	VL
	L
	L
	L
	L
	L
	L

	Deschutes 
R. East
	VL
	L
	L
	L
	L
	L
	H (a.1)
	L
	L

	Deschutes
R. West
	VL
	M
	M
	VL
	L
	M
	H (a.1)
	VL
	L

	Rock 
Creek
	H
	L
	L
	M
	M??
	M??
	M
	M
	L


??:  No direct measures; inferred from indirect information
?:  Some indirect data for population extrapolated to metric
(a.1):  Due to influence of naturally spawning hatchery-origin fish from out of the DPS.
The population-level SS/D criteria ratings are summarized across the Cascades Eastern Slope Tributaries MPG in Table 3.1-2.  Four of the five populations in this grouping are rated at low or very low risk for the spatial processes criteria.  The exception is Rock Creek, which is assigned a moderate risk rating based on the relatively simple physical structure of the drainage.  The Fifteenmile Creek population is rated at low risk for diversity; the remaining four populations in this MPG are rated at moderate diversity risk.  The Deschutes River Westside population is rated at moderate risk for genetic composition based on limited data indicating a lack of differentiation with out-of-basin hatchery stocks.  The genetic risk ratings for the Klickitat and Rock Creek populations were also rated as moderate due to the lack of direct sampling and the potential for influence of hatchery-origin spawners.  Habitat impairments associated with restrictions on phenotypic diversity combined with a lack of direct information on current versus historical trait characteristics resulted in assigning a moderate risk for changes to phenotypic traits to the Klickitat River, Rock Creek and Deschutes Eastside populations.
The potential influence of out-of-basin hatchery strays is a concern for most populations in this MPG.  There are documented observations of marked out-of-basin hatchery fish in tributaries used for spawning by steelhead in the Deschutes River.  Observations of marked hatchery adults during spawner surveys indicate out-of-basin fish are present on the spawning grounds in the John Day basin populations as well.  The ongoing hatchery release program in the Klickitat basin was designed as a segregated program relying on differential time and area release strategy.  The effectiveness of this strategy in isolating hatchery returns from natural production areas is not known. 

[image: ]
Figure 3.1– 3.  Cascades Eastern Slope Tributaries MPG steelhead population-level spawner abundance (annual total, annual natural-origin and 10-year geometric mean natural-origin).  Note different Y-axis scale for Deschutes River Eastside population.
[bookmark: _Toc201478210]  Current Status Assessment – Klickitat River Summer/Winter Steelhead Population 
The Klickitat River drains approximately 3,600 km2 and enters the Columbia River approximately 34 miles upstream of Bonneville Dam.  The Klickitat River drainage is bounded on the west by the crest of the eastern Cascade mountain range and the watershed is influenced by both east-side and west-side climate conditions.  Summers are generally hot and dry, while winter precipitation patterns reflect a maritime influence.  The Klickitat River supports steelhead of both a summer and winter timed return pattern (Howell et al. 1985).  It is generally believed that winter run steelhead spawn in the lower tributaries, including the Little Klickitat River. 
The Klickitat River summer/winter steelhead population (Figure 3.1.1–1) is one of five extant populations in the Cascades Eastern Slope Tributaries MPG within the Mid-Columbia steelhead DPS.   
Figure 3.1.1– 1.  Klickitat River summer/winter steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.


The Interior Columbia Technical Recovery Team (ICTRT) classified the Klickitat River steelhead population as “intermediate” in size and complexity based on historical habitat potential (Table 3.1.1–1; ICTRT 2007).  A steelhead population classified as intermediate has a mean minimum abundance threshold criteria of 1,000 natural-origin spawners with a 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 Klickitat 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 1.64 recruits per spawner at the minimum abundance threshold.
Table 3.1.1– 1.  Klickitat River summer/winter steelhead basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	3,632

	Stream lengths km (total) a
	2,590

	Stream lengths km (below natural barriers) a
	1,701

	Branched stream area weighted by intrinsic potential (km2)
	2.978

	Branched stream area km2 (weighted and temp. limited) b
	2.978

	Total stream area weighted by intrinsic potential (km2)
	3.990

	Total stream area weighted by intrinsic potential (km2) temp limited b
	3.990

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

	Number of major spawning areas (MaSAs)
	6

	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 
Annual estimates of the total number of steelhead spawning in the Klickitat River drainage prior to the 2005-2006 return year have not been generated.  Redd surveys of steelhead spawning in the Klickitat River drainage have been conducted in recent years, but there is insufficient coverage to allow for directly estimating annual abundance from those samples.  Separate estimates of the escapement of hatchery-origin and natural-origin steelhead past Lyle Falls have been generated for the 2005-2006 return year using mark-recapture methods (Gray 2007).  An estimated 1,577 natural-origin and 1,833 hatchery-origin adult steelhead were estimated to have passed above Lyle Falls and the associated tribal fishery in that return year.  Returns to the Klickitat River include hatchery-origin adults from annual out-plants of Skamania Hatchery summer steelhead from North Fork Washougal River broodstock (approximately 100,000 smolts per year) into the middle sections of the mainstem Klickitat River.  A hatchery-directed sport fishery has harvested an estimated 1,000 fish per year (Klickitat River Hatchery and Genetic Management Plan).  The estimated returns above Lyle Falls would be reduced by hatchery sport harvest (direct catch of hatchery, incidental mortalities of natural-origin fish), potential fall back and any pre-spawning mortalities.  Assuming that annual estimates of the number of steelhead passing Lyle Falls continue to be generated, after a sufficient number of estimates are accumulated, it may be possible to use a derived relationship between index area redd counts and total abundance to extend annual estimates back using the recent historical redd counts.  Determining the relative distribution of hatchery and natural-origin spawners on the spawning grounds would reduce uncertainty associated with generating productivity estimates from the return series. 
[image: ]Given the lack of a specific time-series of annual spawner estimates for this population, directly estimating current natural-origin abundance and productivity is not possible.  Considering the single year mark-recapture estimate of returns above Lyle Falls and the available redd count data for prior years, we assigned a Moderate Risk for abundance and productivity to the Klickitat River steelhead population (Figure 3.1.1–2).  Figure 3.1.1– 2.  Klickitat River summer/winter steelhead population current abundance and productivity is uncertain.  The position of the question mark relative to the DPS viability curve generally reflects preliminary natural-origin abundance for 2005-2007 and average productivity derived from Mid-Columbia DPS steelhead population data series.





Spatial Structure and Diversity 
The historical intrinsic potential analysis developed by the ICTRT identified six major spawning areas (MaSAs) and four minor spawning areas (MiSAs) within the Klickitat River population boundaries (Figure 3.1.1–3).  Access into two of the six historical MaSAs identified within the Klickitat River population may have been impaired by natural conditions in some return years.  Those two areas (West Fork and Little Klickitat MaSAs) are identified in Figure 3.1.1–3.  In addition, the ICTRT analysis assumes that steelhead were able to migrate above Castile Falls to access the upper Klickitat River reach.


Factors and Metrics
A.1.a  Number and spatial arrangement of spawning areas
Current occupancy of Klickitat MaSAs can be inferred from Washington Department of Fish and Wildlife (WDFW) current distributions (GIS database) and from Yakama Indian Nation (YIN) redd survey summaries.  All six of the MaSAs are rated as occupied based on the WDFW current distribution database.  We are tentatively assigning a rating of low risk for this metric pending confirmation of current distribution information.
[image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  The Upper Mainstem has the greatest proportion of the spawning areas at 19%.  The four minor spawning areas each contain approximately 20% of the intrinsic potential habitat.
]Figure 3.1.1– 3.  Klickitat River summer/winter steelhead population distribution of intrinsic potential habitat across major (MaSAs) and minor spawning areas (MiSAs).


A.l.b.  Spatial extent or range of population
The ICTRT intrinsic potential analysis assumes that steelhead had access to the upper Klickitat River (mainstem and tributaries above Castille Falls) and the upper sections of the Little Klickitat River.  Historical access to the upper Klickitat River may have been limited by Castille Falls.  Based on the WDFW current distribution map and the results of redd surveys by YIN fisheries staff, all MaSAs and two of three lower river MiSAs are currently occupied.  Therefore this population would rate as low risk for spatial extent.  The distributions should be confirmed through systematic ground surveys.
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Figure 3.1.1– 4.  Klickitat River summer/winter steelhead population current spawning distribution and spawning area occupancy designations.
 A.1.c.  Increase or decrease in gaps or continuities between spawning areas
The WDFW current distributions and the YIN redd survey datasets indicate that the lower most MaSAs are at least partially occupied and steelhead spawners are present in the MiSAs below the Little Klickitat River.  There are no intervening gaps among the occupied MaSAs in the Klickitat River.  Therefore we are rating the Klickitat River at low risk for gaps/continuities between spawning areas. 
B.1.a.  Major life history strategies
The Klickitat River population currently includes both a winter and summer adult life history component.  There is no evidence of loss of a major juvenile life history pattern.  The rating for this element is low risk. 
B.1.b.  Phenotypic variation
Little information is available to directly judge this component.  It is possible that continual inputs of outside-population hatchery-origin spawners (Skamania Hatchery stock) have altered spawning timing and other phenotypic characteristics of the native run.  In the absence of more specific information on the relative contributions of hatchery-origin spawners to natural-origin spawners, we are assigning this element a precautionary rating of moderate risk.
B.1.c.  Genetic variation
Genetic samples from different areas within the Klickitat River system cluster together but appear to be relatively homogeneous.  Compared to other populations, the Klickitat River subpopulation samples cluster together.  The closest association is with the Skamania Hatchery stock and the level of differentiation suggests a common origin or a high level of exchange.  The ICTRT rated the Klickitat River steelhead population at moderate risk for this metric.
B.2.a.  Spawner composition
The objective of the current Klickitat River hatchery program is for an annual release of 100,000 smolts.  Releases have averaged approximately 102,000 since 1982, ranging from a low of 16,000 in 1995 to a high of 118,500 in 2000.  The source of releases into the Klickitat River is currently the Skamania Hatchery broodstock from the North Fork Washougal River.  Outplants of yearling smolts are made at river kilometer 1.1, 29.0, 40.0 and 43.1 (mainstem above the confluence with Little Klickitat River).  The Skamania Hatchery broodstock is maintained using returning broodstock at the Washougal River hatchery facility.  The original broodstock for this program was originally established with natural-origin fish taken from both the Washougal and Klickitat River system.  The WDFW objective for the program includes maximizing the effective separation between returns from the outplants and natural-origin steelhead in the Klickitat River by using Skamania Hatchery stock (spawning timing three weeks earlier than endemic natural-origin stocks), restricting outplants to the lower mainstem below major natural production areas and managing for a high hatchery harvest rate to reduce contributions to spawning areas. 
At present, no systematic sampling studies have been done to determine the relative contribution of recruits from the hatchery releases in the Klickitat River to natural spawning areas.  The only reported information on relative hatchery-origin/natural-origin composition for the Klickitat River are results of sport catch sampling efforts in the late 1980s, indicating that up to 2/3 of the catch were hatchery-origin.  It is possible that those estimates reflect the contribution rates in the lower Klickitat River and are not directly representative of hatchery contribution rates to spawning in the majority of natural production areas.  Based on release levels and sport catch estimates, it is very likely that the hatchery contribution to natural spawning has exceeded 5% for more than four generations.  In the absence of direct information confirming differential spawning distribution of hatchery-origin and natural-origin fish and/or information on relative contribution rates to natural spawning areas, we assign the Klickitat River steelhead population a high risk rating for this metric.
B.3.a.  Distribution of population across habitat types
Based on the ICTRT habitat intrinsic potential analysis a substantial portion of the historical steelhead production in the Klickitat River drainage was in three ecoregions, assuming that anadromous fish would have had access above Castille Falls (Upper Klickitat River) and into the West Fork Klickitat River (Figure 3.1.1–5, Table 3.1.1–2).  As noted above, historical access to the upper Klickitat River may have been limited by Castille Falls and access into the West Fork may have been intermittent.  Based on the WDFW current distribution map and the results of redd surveys by YIN fisheries staff, current distribution of steelhead in the Klickitat River includes spawning in two of the three ecoregions identified as having substantial production potential.  Virtually the entire historical intrinsic potential habitat that falls in the third ecoregion (Grand Fir Mixed Forest) is in the West Fork Klickitat and the Upper Klickitat reaches.  The rating for ecoregion occupancy, assuming that these reaches were historically used by Klickitat River steelhead, is moderate risk.  The risk rating could be reduced if efforts to introduce natural steelhead production above Castille Falls are successful, or if additional information indicates it is unlikely these areas contributed substantially to historical steelhead production. 
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Figure 3.1.1– 5.  Klickitat River summer/winter steelhead population spawning distribution across EPA level IV ecoregions.

Table 3.1.1– 2.  Klickitat River summer/winter 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)

	Yakima Folds
	5.6
	4.8

	Western Cascades Montane Highlands
	0.9
	0.0

	Cascade Crest Montane Forest
	2.1
	0.0

	Cascade Subalpine/Alpine
	0.1
	0.0

	Yakima Plateau & Slopes
	49.3
	62.4

	Grand Fir Mixed Forest
	15.8
	0.0

	Oak/Conifer Foothills
	26.3
	33.1


B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population crosses two dams in its seaward and spawning migrations.  Impacts on this population are thus relatively low and no traits are selectively affected by hydropower activity to the degree that they raise the risk level for this population.
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 may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is no directed harvest of natural-origin fish within the Klickitat River watershed.  No phenotypic traits appear to be at risk as a result of this activity and the selective impact of harvest is low for all traits.

Hatcheries:  Hatchery origin steelhead are released in the lower Klickitat River mainstem.  The current program is designed to segregate hatchery returns from the majority of natural spawning habitats in the basin and uses juveniles from the Skamania Hatchery program.  As a result, there is no broodstock collection from the Klickitat River steelhead run.  The draft Klickitat River Recovery Plan includes objectives for gaining more information on the impacts of hatchery releases on natural steelhead production in the Klickitat River and identifies the possibility of instituting a local-origin broodstock program sometime in the future.  
Habitat:  There is no indication of substantial selective mortality imposed on a particular component of the run.  Therefore the habitat component of selective impacts is rated low risk.
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 during tern nesting season in May.  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 selective factor is low risk.
Based on the low risk ratings across all sectors of the metric, the overall selectivity rating for the Klickitat River steelhead population is low risk.




Spatial Structure and Diversity Summary
The overall spatial structure and diversity rating for the Klickitat River steelhead population is Moderate Risk based on an assessment of the cumulative scores across the individual spatial structure/diversity criteria (Table 3.1.1–3).  The rating for Goal A (allowing natural rates and levels of spatially mediated processes) was low risk.  The Rating for Goal B (maintaining natural levels of variation) was moderate risk.  Reducing the spatial structure/diversity rating to low risk would require reducing the impacts of the out-of-DPS stock hatchery program on natural spawning areas or by determining that the natural-origin population is actually experiencing very little impact from the Skamania Hatchery stock returns.  

Table 3.1.1– 3.  Klickitat River summer/winter steelhead population spatial structure and diversity risk rating summary.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

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

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

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

	B.1.a
	L (1)
	L (1)
	Moderate Risk (0)
	Moderate Risk
(Mean = 0)
	

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

	B.1.c
	M (0)
	M (0)
	
	
	

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

	B.2.a(2)
	N/A
	
	
	
	

	B.2.a(3)
	N/A
	
	
	
	

	B.2.a(4)
	N/A
	
	
	
	

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

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













Overall Viability Rating 
The Klickitat River steelhead population does not meet viability criteria.  However, the population does meet criteria to be rated as MAINTAINED (Figure 3.1.1–7).  Overall abundance and productivity is rated at Moderate Risk, based on general extrapolations from limited data.  Developing a method for generating annual estimates of natural-origin contributions to spawning in the Klickitat River would allow for a more accurate assessment of both abundance and productivity.  If the current extrapolations prove to be an accurate indication of abundance/productivity, improvements in survival over the 1978-1998 levels would be required to elevate the population to a low risk rating.  Overall spatial structure and diversity is also rated at Moderate Risk.  The population would benefit from actions that promote or confirm a high level of separation between hatchery-origin spawners and natural-origin production.  More detailed evaluations of genetic patterns within the population and of the range of life history variations present in the population could also contribute to improving the status level assigned through application of the ICTRT criteria.  
	
	
	Spatial Structure/Diversity Risk

	
	
	Very Low
	Low
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Productivity Risk
	Very Low
(<1%)
	HV
	HV
	V
	M
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	V
	V
	V
	M
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(6 – 25%)
	M
	M
	M
Klickitat River*
	HR
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(>25%)
	HR
	HR
	HR
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Figure 3.1.1– 6.  Klickitat River summer/winter 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; * = Candidate for Maintained; Shaded cells do not meet viability criteria (darkest cells are at greatest risk).
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  Current Status Assessment –Fifteenmile Creek Winter Steelhead Population  
The Fifteenmile Creek winter steelhead population (Figure 3.1.2–1) is one of five extant populations in the Cascades Eastern Slope Tributaries MPG within the Mid-Columbia steelhead DPS.  The Fifteenmile Creek population is the only population in the DPS that is classified as an entirely winter life history type.
[image: MCFIFsteelhead-msa-landscape]
Figure 3.1.2– 1.  Fifteenmile Creek winter steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Fifteenmile Creek population as “basic” in size and complexity (Table 3.1.2–1).  A steelhead population classified as basic has a mean minimum abundance threshold of 500 natural-origin spawners with sufficient intrinsic productivity (≥ 1.56 recruits per spawner at the abundance threshold level) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Fifteenmile Creek 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 2.00 recruits per spawner at the minimum abundance threshold.
Table 3.1.2– 1.  Fifteenmile Creek winter steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	1,420

	Stream lengths km (total) a
	638

	Stream lengths km (below natural barriers) a
	495

	Branched stream area weighted by intrinsic potential (km2)
	1.816

	Branched stream area km2 (weighted and temp. limited) b
	1.384

	Total stream area weighted by intrinsic potential (km2)
	2.006

	Total stream area weighted by intrinsic potential (km2) temp limited b
	1.423

	Size / Complexity category
	Basic / “C” (trellis pattern)

	Number of major spawning areas (MaSAs)
	3

	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 
Current (1985 to 2005) total spawner abundance (number of adult spawners in natural production areas) has ranged from 231 in 1998 to 1,922 in 2004 (Figure 3.1.2–2).  Estimates of abundance of adult steelhead spawners in the Fifteenmile Creek subbasin are based on redds observed during single pass spawning ground surveys conducted annually by the Oregon Department of Fish and Wildlife (ODFW) and U.S. Forest Service (USFS) personnel in selected survey units in upper Fifteenmile, Ramsey, and Eightmile Creeks from 1985 through 2002.  Since 2003, spawning ground surveys have been conducted in three passes over the duration of annual spawning activity in one-mile survey sites selected randomly from five-mile survey units stratified across the currently known spawning habitat in Fifteenmile, Ramsey, Eightmile, and Fivemile Creeks.  For this analysis, observations of redds and the locations of surveys have been compiled from DePinto et al. (2003), Glenney et al. (2004) and unpublished data (R. French, ODFW, personal communication 2005).  Prior to 2003, we used redd densities in surveyed reaches to estimate redd densities in unsurveyed reaches.  The ICTRT intrinsic potential analyses (ICTRT 2007) were used to estimate redds per weighted m2 in surveyed reaches.  To estimate total redds in the population, we multiply the number of redds per weighted m2 in surveyed reaches by the total weighted m2 of currently used habitat in the drainages where reaches were surveyed (ICTRT 2007).  Historical intrinsic potential is estimated using a simple GIS-based model that accounts for differences across stream reaches (in terms of stream width, gradient, and valley width) and is further weighted by habitat quality.
For the 2003 and later years, observations of redds were expanded by the sample rate, both temporally and spatially, to estimate each seasons total redds (redds/total spawning area/year).  For years when streams in the Fifteenmile Creek subbasin were not surveyed (most notably Fivemile Creek prior to 2003) assumptions were made that spawning activity in unsurveyed streams was generally evenly distributed and synchronous with the entire population.  Average proportional relations relative to the Fifteenmile Creek mainstem were used to estimate spawning activity in unsurveyed streams (Fivemile Creek redds represent approximately 15% of the Fifteenmile Creek mainstem redds).
The 2003-2005 multiple pass surveys have shown that spawning times can vary across years.  Because the spawning ground surveys prior to 2003 were conducted once per season, variability in the time of spawning may be masked.  However, spot checks were conducted to monitor the level of spawning activity to determine when to conduct the surveys and recent investigations have shown that redd life (the length of time new redds remain visible) is sufficiently long to ensure that the observations from the historic single-pass surveys represent total spawning activity for each season (R. French, personal communication).  Conversion of an annual total redd count to the adult population from 1985 to present assumes there are 2.1 fish per redd.  This estimate was developed based on data from Deer Creek, a tributary to the Wallowa River (R. Carmichael, ODFW, personal communication,).  
To estimate the abundance of adult progeny on the spawning grounds each season, consideration of removals of natural-origin fish for hatchery broodstock and natural spawning hatchery-origin fish must be accounted for.  However, no steelhead hatchery program exists in the Fifteenmile Creek subbasin and hatchery steelhead are not released in steelhead habitat (Anonymous 2004).  Further, hatchery strays in the Fifteenmile Creek subbasin have rarely been observed and the proportion is near 0%.  Consequently for this analysis, the fraction of hatchery fish in the spawning population was assumed to be very low and mathematically assigned a value of zero.
Virtually no spawning steelhead in the Fifteenmile Creek subbasin have been sampled for age-at-return and no population specific information exists to assign natural-origin spawning fish into cohorts to estimate abundance of progeny.  Therefore, age-at-return information from the closest natural-origin steelhead population with similar winter run traits was used to apportion Fifteenmile Creek steelhead spawners into brood years.  Year specific age-at-return data for Hood River natural-origin winter steelhead sampled at Powerdale Dam were used.  For those years with inadequate sample sizes, an average age-at-return by spawning year was applied.
Recent year natural spawners include only natural-origin fish.  Hatchery strays in the Fifteenmile Creek population have rarely been documented.


[image: Spawner abundance etimates for this population from 1985 to 2005.  Abundance estimates fluxuated around 500 spawners from 1985 to 2000.  After this period, estimates increased to nearly 2000 by 2004.  However, the estimate for 2005 had declined to below 500.]Abundance in recent years has been moderately variable.  The 10-year (1996-2005) geometric mean abundance of natural-origin spawners was 703 (Table 3.1.2–2).  During the period 1985-1999, recruits per spawner (R/S, in terms of spawner to spawner) in the Fifteenmile Creek population ranged from 0.37 in 1987 to 5.58 in 1998.  The annual R/S estimates were adjusted to reflect average smolt-to-adult return rates (SAR).  The 15-year (1985-1999) geometric mean productivity was 1.82 R/S, adjusted for SAR and delimited at 75% (375 spawners) of the abundance threshold.Figure 3.1.2– 2.  Fifteenmile Creek winter steelhead population spawner abundance estimates (1985-2005).

Table 3.1.2– 2.  Fifteenmile Creek winter steelhead population abundance and productivity estimates.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	703
	(231-1,922)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	1.0
	No obs. strays
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (15-year R/S, SAR adjusted and delimited) a
	1.82
	(1.23-2.68)
	0.20

	Productivity (15-year Beverton-Holt fit, SAR adjusted) 
	n/a
	
	(n/a)

	Trend Statistics (1985-2005)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	1.03
	(0.98-1.15)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	1.03
	(0.83-1.28)
	0.65

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	1.03
	(0.83-1.28)
	0.65


a. Delimited productivity excludes any recruit/spawner pair where the spawner number exceeds 75% of the abundance threshold.  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. 
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The Fifteenmile Creek winter steelhead population is at Low Risk based on current abundance and productivity.  The point estimate for abundance and productivity resides above the 1% risk curve, but the population is not considered to be at very low risk since the 98% confidence interval (CI) extends below the 25% risk curve (Figure 3.1.2–3).  However, since the 90% CI is above the 25% risk curve, the population is rated at low risk.  Results should be viewed cautiously, as estimates are based on only 15 years of data.  Figure 3.1.2– 3.  Fifteenmile Creek winter steelhead population current abundance/productivity (A/P) compared to DPS viability curve.  Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A, 90% and 98% CIs for P (point estimate >1% risk curve; the uncertainty test is <1% probability the combined A/P is at high risk). 




Both of the recent abundance trend metrics for this population indicate an average annual increase of approximately 3% per year over the period, driven largely by a relatively steady increase from 1999 through the 2004 return (Figure 3.1.2–2, Table 3.1.2–2).  Abundance in 2005 decreased to similar levels observed from 1988 through 1998.    
Spatial Structure and Diversity 
The ICTRT has identified three major spawning areas (MaSAs) and five minor spawning areas (MiSAs) within the Fifteenmile Creek population boundaries.  The population boundary extends outside the Fifteenmile Creek subbasin to encompass the Rock Creek, Mill Creek, and Threemile Creek drainages which directly enter the Columbia River downstream from Fifteenmile Creek (Figure 3.1.2–4).  These drainages account for four of the five MiSAs.  Current spawning distribution is similar to historic with major production areas in Fifteenmile, Ramsey, Eightmile and Fivemile Creeks.
[image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  The Upper Fifteen has the greatest proportion of 3 major spawning areas at 37%.  All of the spawning areas (except Mill and Mosier) contain current temperature limited areas that could potentially have had historical temperature limitations.
]Spawners within the Fifteenmile Creek population include only natural-origin fish.  Very few strays have been observed in the population and there is no hatchery program operated within the population.  Additionally, there are few sources of winter steelhead strays in the interior Columbia River basin.




















Figure 3.1.2– 4.  Fifteenmile Creek winter 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 Fifteenmile Creek population has three MaSAs and five MiSAs distributed in a trellis pattern.  Historic major production areas included Fifteenmile, Ramsey, Eightmile and Fivemile creeks.  Based on the ODFW current spawning distribution database, all three MaSAs and all five MiSAs are now occupied.  Current distribution is similar to the historic intrinsic potential distribution, with reductions primarily in the southeast tributaries of the Fifteenmile MaSA.  The Fifteenmile Creek population rates at very low risk because it has three occupied MaSAs and five MiSAs that equate to greater than 75% of one MaSA.
A.l.b.  Spatial extent or range of population
The current spawner distribution mirrors the historic distribution with all MaSAs currently occupied (Figure 3.1.2–5).  The rating for this metric is very low risk because the current spawning distribution mirrors the historic distribution.  Spawning ground survey data are available for Fifteenmile, Ramsey, and Eightmile Creeks for 1985-2005.  We will conduct additional analyses at a later date to assess occupancy based on this recent survey data.

Figure 3.1.2– 5.  Fifteenmile Creek winter steelhead population current spawning distribution and spawning area occupancy designations.



A.1.c.  Increase or decrease in gaps or continuities between spawning aggregates
There has been little change in gaps between current and historical distribution.  The population is rated at very low risk because all historical MaSAs are occupied, gap distance and continuity has changed little, and there has been no increase in distance between this population and other populations in the Mid-Columbia DPS.
B.1.a.  Major life history strategies
There are limited data to allow any direct comparisons between historic life history strategies and current strategies.  Flow and temperature changes have likely influenced movement pathways and continuity of habitat for juvenile steelhead.  Some middle and lower mainstem reaches become uninhabitable during low flow summer periods.  We infer that these habitat changes have truncated spawn timing and somewhat limited juvenile rearing diversity.  Although these changes have had some influence on life history strategies, they have not likely influenced major strategies.  The anadromous form of O. mykiss currently persists in the population and the winter run characteristics have been maintained.  We hypothesize that all historic major life history pathways are present, although the mean and variability may have shifted slightly.  The rating is low risk for this metric.
B.1.b.  Phenotypic variation
We have no direct evidence for loss or substantial change in phenotypic traits.  However, changes in flow patterns and temperature profiles within Fifteenmile Creek subbasin have likely reduced variation in both juvenile migration timing and adult spawn timing.  We hypothesize that low flows and elevated water temperatures result in a narrower window for successful smolt out-migration as well as truncation of adult spawn timing.  However, the magnitude of the changes is likely small.  Based on inference from habitat changes we have rated the Fifteenmile Creek population at low risk.
B.1.c.  Genetic variation
Genetics data consist of samples from two locations within the Fifteenmile Creek population—Eightmile and Fifteenmile creeks.  This genetics information indicates that the Fifteenmile Creek population is well differentiated from other populations in the Cascades Eastern Slope Tributaries MPG.  Samples within the population from Eightmile Creek are also substantially differentiated from Fifteenmile Creek indicating within-population variation.  We have rated this metric as low risk.  Additional samples collected in 2005 from multiple locations within the population will provide a more robust dataset to assess this metric in the future. 
B.2.a.  Spawner composition
(1) Out-of-DPS spawners:  Out-of-DPS winter steelhead strays would originate from the Hood River hatchery program, from releases into the White Salmon River, and from other hatcheries downstream of Hood River.  We have documented very few strays, thus the rating is low risk.
(2) Out-of-MPG spawners from within the DPS:  There are no out-of-MPG within-DPS winter hatchery programs, thus the rating is very low risk.
(3) Out-of-population spawners from within the MPG:  The only source of out-of-population within-MPG strays would be from the Klickitat River winter steelhead hatchery program.  Since very few strays have been documented and their source is unknown, we have rated this metric as low risk.  
(4) Within-population hatchery spawners:  There is no within population hatchery program.  This metric rated very low risk.
The overall spawner composition rating is low risk.

B.3.a.  Distribution of population across habitat types
The intrinsic potential distribution encompassed four ecoregions, of which three accounted for 10% or more of the distribution (Figure 3.1.2–6).  Although there have been reductions in the proportional distribution of the Umatilla Plateau ecoregion, these reductions were not substantial.  The population rates at low risk.
Figure 3.1.2– 6.  Fifteenmile Creek winter steelhead population spawning distribution across EPA level IV ecoregions.


Table 3.1.2– 3.  Fifteenmile Creek winter 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)

	Grand Fir Mixed Forest
	7.8
	4.1

	Oak/Conifer Foothills
	36.4
	41.2

	Pleistocene Lake Basins
	32.6
	39.7

	Umatilla Plateau
	23.3
	15.0


B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population passes one dam in its seaward and spawning migrations, thus impacts on this population are relatively low.  No traits are selectively affected by hydropower activity to the degree that they raise the risk level for this population.  The rating is low risk for all traits. 
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 slightly more than 2% of the total population.  There may be some very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery.  While heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is no recreational fishery in the subbasin.  No phenotypic traits appear to be at risk as a result of harvest activity and the rating is low risk.
Hatcheries:  There are no steelhead hatchery programs operated within the population, therefore, there are no selective effects.  The rating is very low risk.
Habitat:  Altered flow profiles and increased temperatures in tributary spawning and rearing areas, which have been in place for many generations and are ongoing, likely impose some selection on juvenile and adult migration timing.  However, the magnitude of the impact on any trait is negligible, thus the rating is low risk for all traits.
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 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 selection is low risk.
No single trait has a moderate risk rating for any selective activity.  Therefore, the overall selectivity rating for this population is low risk.

Spatial Structure and Diversity Summary
The integrated spatial structure/diversity rating is Low Risk (Table 3.1.2–4) for the Fifteenmile Creek population.  There has been little change in distribution relative to the historic distribution.  The absence of major reductions in distribution resulted in a rating of very low risk for spatial structure metrics.  We hypothesize that there have been minor reductions in life history diversity and phenotypic variation, but these changes are not severe enough to raise risk levels to moderate.  There are few hatchery fish in the population resulting in low risk for spawner composition.
Table 3.1.2– 4.  Fifteenmile Creek winter steelhead population spatial structure and diversity risk rating.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

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

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

	A.1.c
	VL (2)
	VL (2)
	
	
	

	B.1.a
	L (1)
	L (1)
	Low Risk (1)
	Low Risk
(Mean = 1)
	

	B.1.b
	L (1)
	L (1)
	
	
	

	B.1.c
	L (1)
	L (1)
	
	
	

	B.2.a(1)
	L (1)
	Low Risk 
(1)
	Low Risk (1)
	
	

	B.2.a(2)
	VL (2)
	
	
	
	

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

	B.2.a(4)
	VL (2)
	
	
	
	

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

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



Overall Viability Rating 
The Fifteenmile Creek winter steelhead population currently meets ICTRT viability criteria and is rated as a VIABLE population (Figure 3.1.2–7).  Overall abundance and productivity is rated at Low Risk.  The 10-year geometric mean abundance of natural-origin spawners is 703, which exceeds the minimum abundance threshold of 500.  The 15-year geometric mean productivity (1.82 R/S; Table 3.1.2–6) exceeds the 1.56 R/S required at the minimum abundance threshold.  Overall spatial structure and diversity is also rated at Low Risk.  A relatively small increase in productivity and a substantial reduction in the CI are required to move this population into “highly viable” status.  Additional data will likely decrease the standard error and move the 98% CI out of the high risk region.  These results should be viewed with caution, as abundance and productivity estimates for the Fifteenmile Creek population are based on only 15 years of R/S data.  Monitoring should be continued to allow analysis of a longer time series.
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Figure 3.1.2– 7.  Fifteenmile Creek winter 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 – Fifteenmile Creek Winter Steelhead Population
Data type:  Expansions from multiple pass surveys in major tributary spawning reaches.  Annual index area counts expanded to total population abundances using ratio of total to index area weighted intrinsic habitat (ICTRT 2007, Appendix C).  Assumed 2.1 fish per redd.  
SAR:  Mid-Columbia steelhead composite series (see Methods section).

Table 3.1.2– 5.  Fifteenmile Creek winter steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bolded values were used in estimating the current productivity (Table 3.1.2–6).
[image: ]

Table 3.1.2– 6.  Fifteenmile Creek winter steelhead population geometric mean abundance and productivity estimates (values used for current productivity area shown in boxes).
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Table 3.1.2– 7.  Fifteenmile Creek winter steelhead 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.  Fifteenmile Creek winter steelhead 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 3.1.2– 9.   Fifteenmile Creek winter steelhead 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 –Deschutes River Eastside Summer Steelhead Population 
The Deschutes River Eastside summer steelhead population (Figure 3.1.3–1) is one of five extant populations in the Cascades Eastern Slope Tributaries MPG within the Mid-Columbia steelhead DPS.  
[image: DRESTsteelhead-msa-landscape]
Figure 3.1.3– 1.  Deschutes River Eastside summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Deschutes River Eastside population as “intermediate” in size and complexity (Table 3.1.3–1).  A steelhead population classified as intermediate has a mean minimum abundance threshold of 1,000 natural-origin spawners with a sufficient intrinsic productivity (≥ 1.35 recruits per spawner at the abundance threshold level) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Deschutes River Eastside 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 1.64 recruits per spawner at the minimum abundance threshold.
Table 3.1.3– 1.  Deschutes River Eastside summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	3,889

	Stream lengths km (total) a
	974

	Stream lengths km (below natural barriers) a
	884

	Branched stream area weighted by intrinsic potential (km2)
	2.780

	Branched stream area km2 (weighted and temp. limited) b
	1.772

	Total stream area weighted by intrinsic potential (km2)
	4.082

	Total stream area weighted by intrinsic potential (km2) temp limited b
	2.253

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

	Number of major spawning areas (MaSAs)
	6

	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 
Current (1990 to 2005) total spawner abundance (number of adult spawners in natural production areas) has ranged from 583 in 1993 to 9,801 in 2001 (Figure 3.1.3–2).  Current abundance of natural-origin adult spawners ranged from 299 in 1993 to 8,274 in 2001 (Figure 3.1.3–2).  We examined two approaches for estimating the abundance of natural-origin and hatchery-origin steelhead in the Deschutes River Eastside population and selected one for this viability assessment.  The first approach is similar to that used by Chilcote (2001) who conducted stock recruitment analyses for the combined Deschutes River Eastside and Westside populations.  This method used the following information: estimated number of steelhead that pass above Sherars Falls (from mark-recapture estimates); the number of fish recovered in fisheries and traps above Sherars Falls; and estimated fall back rate for hatchery fish.  We conducted similar analyses for the Deschutes River Eastside population with the additional step of subtracting out the Westside population abundance estimates.  We found that this approach yielded, what appeared to be, extremely high abundance estimates of both natural-origin and hatchery-origin spawners for the Deschutes River Eastside population.  Using this method resulted in a high number of spawners in the mainstem Deschutes River that was not consistent with the two years of redd observations data.  We were unable to adequately quantify Sherars Falls fallback rates for natural-origin and hatchery-origin fish.  The Sherars Falls mark-recapture subtraction approach is very sensitive to the fall back estimates, so in the absence of accurate estimates, we chose to use an alternative approach.  
We chose to assess abundance and productivity based on estimates of spawners in the tributary production areas including Buck Hollow, Bakeoven, and Trout reeks.  We acknowledge that this approach does not account for mainstem abundance and productivity.  However, we believe this approach provides a better representation of the abundance and productivity for the Deschutes River Eastside population.
Estimates of the abundance of steelhead in the tributary production areas of the Eastside population are based on single pass index spawning ground surveys in the major spawning areas (MaSAs) of Trout, Bakeoven, and Buck Hollow Creeks.  Annual observations of redds begin with the 1990 spawning year in Bakeoven and Buck Hollow Creeks, and 1993 in Trout Creek (excluding 1994).  Spawning also occurs in the mainstem, but only two surveys have been conducted in the mainstem downstream of Trout Creek and this portion of the Eastside population is not included in this assessment.
To estimate spawning abundance, observed redd densities (redds/m2) were extrapolated to unsurveyed areas of currently occupied spawning habitat.  Variability in spawning habitat quality and capacity are incorporated in the abundance estimate by using the ICTRT’s historical intrinsic potential (ICTRT 2007) to expand redd observations per unit survey area to unsurveyed areas.  The number of redds per weighted m2 of intrinsic habitat in the index survey areas are multiplied by the total m2 of weighed intrinsic habitat within each tributary production area.  Total redds are determined as the sum of redds in Bakeoven, Buck Hollow, and Trout Creeks.  In Trout Creek in 1990-1992 and 1994, when surveys were not conducted, the Trout Creek abundance was assumed to be 1.44 times the sum of the Buck Hollow and Bakeoven Creek abundance estimates, based on the proportion of spawning habitat in Trout Creek relative to all three tributaries.  Redds are expanded to fish by multiplying total redds by 2.1 fish per redd (R. Carmichael, Oregon Department of Fish & Wildlife, personal communication).  This estimate was derived for summer steelhead in Deer Creek, a tributary of the Wallowa River.
Abundance of progeny by spawning year was estimated by apportioning the total spawning abundance estimate into hatchery and natural-origin fish.  For years when at least ten fish were examined for the presence of adipose fins in each stream, the marked fish proportion was used for the hatchery fraction.  Field observers believe that these estimates may be biased low because of difficulties observing adipose fins on live fish at a distance (R. French, Oregon Department of Fish & Wildlife, personal communication).  For years when fewer than ten fish were observed, the hatchery fraction was estimated based on the average ratio of the percentage of hatchery fish at Sherars Falls and the percentage of hatchery fish on the spawning grounds in Buckhollow and Bakeoven Creeks across all years.  For Trout Creek we used the relationship of hatchery fraction between Trout Creek and Warm Springs National Fish Hatchery.
Virtually no spawning steelhead in the Deschutes River Eastside population have been sampled for age-at-return and no population specific information exists to assign natural-origin spawning fish into cohorts to estimate the abundance of progeny (Anonymous 2004).  Age structure information used to estimate progeny by brood year was based on the average of a two-year sample of scales from natural-origin adult steelhead (N=100) collected in the lower Deschutes River (Olsen et al. 1991).
Recent year natural spawners include returns originating from naturally spawning parents, strays from the Deschutes Subbasin Round Butte Hatchery program, and a significant number of out-of-DPS hatchery strays from the Snake River basin.  Origin of strays is based on recovery of coded-wire tagged fish in fisheries and at traps in the Deschutes River subbasin.  Spawners originating from naturally spawning parents have comprised an average of 66% of naturally spawning fish since 1990.  The percentage of natural-origin spawners has ranged from 21% to 88%.


[image: ]Abundance in recent years has been moderately variable.  The 10-year (1996-2005) geometric mean abundance of natural-origin spawners was 1,599.  During the period 1990-1999, recruits per spawner (R/S, in terms of spawner to spawner) for steelhead in the Deschutes River Eastside population ranged from 0.24 in 1991 to 3.97 in 1996.  The annual R/S estimates were adjusted to reflect the average smolt-to-adult return rate (SAR).  The 10-year (1990-1999) geometric mean productivity was 1.89 R/S, adjusted for SAR and delimited at the median number of spawners (1,312; Table 3.1.3–2).Figure 3.1.3– 2.  Deschutes River Eastside summer steelhead population spawner abundance estimates (1990-2005).

Table 3.1.3– 2.  Deschutes River Eastside summer steelhead population abundance and productivity estimates.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	1,599
	(583-9,801)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.62
	(0.21-0.88)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (10-year R/S, SAR adjusted & delimited) a
	1.88
	(1.10-3.26)
	0.24

	Productivity (15-year Beverton-Holt fit, SAR adjusted) 
	3.94
	
	3.83

	Trend Statistics (1990-2005)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	1.11
	(1.01-1.23)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	0.98
	(0.53-1.79)
	0.44

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	1.09
	(0.55-2.15)
	0.68


a. Delimited productivity excludes any recruit/spawner pair where the spawner number exceeds the median escapement.  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: ]The Deschutes River Eastside population is at Low Risk based on current abundance and productivity.  The point estimate for abundance and productivity resides above the 1% risk curve, but the population is not considered to be at very low risk since the lower end of the 98% confidence interval (CI) for productivity extends below the 25% risk curve.  The 90% CI is above the 25% risk curve and the population is rated at low risk (Figure 3.1.3–3).  Figure 3.1.3– 3.  Deschutes River Eastside summer steelhead population current abundance/productivity (A/P) compared to the DPS viability curve.  Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A, 90% and 98% CIs for P (point estimate >1% risk curve, therefore the uncertainty test results in <1% probability the combined A/P is at high risk).

On average, the trend in annual spawners (Table 3.1.3–2) has been positive since 1990, the first year data were available to generate estimates for this population.  Both hatchery-origin and natural-origin returns showed similar patterns over the time period (Figure 3.1.3–2).  Relatively high numbers of spawners in return years 2001-2003 contributed significantly to the average trend.  In more recent years, annual spawning estimates have generally been at the levels observed in the initial years of the series.  Under the assumption that hatchery and natural-origin parents were equally effective in contributing to natural production for this population (hatchery effectiveness = 1.0), the point estimate of population growth rate (λ) was below 1.0, with a 40% chance that the actual estimate exceeded 1.0.  The relative effectiveness of hatchery-origin spawners in the Deschutes River Eastside population is not known.  An estimate of the population growth rate was calculated assuming that hatchery returns did not effectively contribute to natural production (hatchery effectiveness = 0.0; Table 3.1.3–2).  The estimated population growth rate assuming that hatchery spawners are not contributing to natural production was 1.09 (78% probability of exceeding 1.0).  
Spatial Structure and Diversity 
The ICTRT has identified six major spawning areas (MaSAs) and two minor spawning areas (MiSAs) within the Deschutes River Eastside steelhead population (Figure 3.1.3–4).  The population boundaries extend above the Pelton Reregulation Dam, and therefore include areas that are currently inaccessible.  One MaSA (Willow Creek) and one MiSA (Campbell) exist in the inaccessible area.  The intrinsic potential analysis rated most of the Deschutes River mainstem spawning habitat as low potential because of the width and confinement, although steelhead spawning has been observed in the mainstem.  Spawning is distributed broadly throughout the population boundaries.  Steelhead production is concentrated in Buck Hollow, Bakeoven and Trout Creeks, with some spawning in the mainstem from Trout Creek to Buck Hollow Creek.  Spawners within the Deschutes River Eastside population include natural-origin returns, hatchery returns from Deschutes River origin fish produced from Round Butte Hatchery, and out-of-DPS hatchery strays primarily from the Snake River basin.  Hatchery-origin fish comprise a significant proportion of the natural spawners.
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Figure 3.1.3– 4.  Deschutes River Eastside 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 Deschutes River Eastside population has six MaSAs and two MiSAs distributed in a dendritic pattern (Figure 3.1.3–5).  The primary production areas include Buck Hollow, Bakeoven, and Trout Creeks.  Historically, Willow Creek was also a significant production area.  Based on the Oregon Department of Fish and Wildlife (ODFW) current spawner distribution database, five of the six MaSAs and neither of the two MiSAs are currently occupied.  The MaSA that does not meet the occupancy criteria is Willow Creek.  This MaSA is unoccupied because it is inaccessible.  The Deschutes River Eastside population rates at very low risk for this metric because it has five MaSAs occupied in a non-linear configuration. 


A.l.b.  Spatial extent or range of population
The current spawner distribution is restricted somewhat from the historical distribution.  The Willow Creek MaSA is unoccupied because it is inaccessible.  There is also loss of spawning in the Jones and Campbell MiSAs (Figure 3.1.3–5).  The population is rated at low risk for this metric because greater than 75% (but less than 90%) of the historic MaSAs are currently occupied.  
Figure 3.1.3– 5.  Deschutes River Eastside summer steelhead population current spawning distribution and spawning area occupancy designations.



A.1.c.  Increase or decrease in gaps or continuities between spawning aggregates
The loss of spawning in the Willow Creek drainage has caused a significant increase in the gap distance between the uppermost spawning in the population and the middle production areas in Trout Creek.  Currently, with the exception of the gap created by loss of spawning in Willow Creek, there is little difference in gaps and continuity between the historic and current distributions.  We have rated the population at low risk for this metric.
B.1.a.  Major life history strategies
There are no data to allow any direct comparison of historic and current major life history patterns, thus we must infer from habitat information.  Flow and temperature changes within the major spawning tributaries have changed significantly relative to historic conditions with lower summer flows and higher temperatures.  These changes have resulted in shifts in juvenile rearing patterns, with less summer rearing capacity in the tributaries and mandatory movement into either the mainstem or upper reaches for periods of summer rearing.  Adult migration and spawn timing have likely been impacted by flow and temperature changes.  Based on scale analyses of Deschutes River fish collected from the mainstem, the population demonstrates multiple ages at smolt migration and ocean residence time as well as repeat spawning.  The habitat conditions, with mainstem rearing opportunities, do provide for opportunity for diverse life history strategies.  We have rated the population at low risk for this metric.
B.1.b.  Phenotypic variation
We have no direct observations to assess loss or substantial change in phenotypic traits, thus we must infer from habitat conditions and habitat changes through time.  The flow and temperature changes in the tributaries have likely influenced both adult and juvenile migration timing and patterns.  The loss of summer rearing opportunities forces juveniles to move downstream into the mainstem.  Adult run-timing through the tributaries, as well as spawn timing, have likely been narrowed to some degree.  We have rated this metric at low risk because two or more traits have likely changed and have reduced variability.
B.1.c.  Genetic variation
There are limited genetics data for the Deschutes River Eastside population.  The lower East Folley Creek samples were not significantly differentiated from other Eastside, Westside, or Round Butte Hatchery samples.  However, the remaining samples from eastside tributaries show levels of differentiation between each other and between other populations that are consistent with a relatively unchanged structure.  As a result of these data the population is rated at low risk for this metric.  The ongoing genetics study that the U.S. Fish and Wildlife Service (USFWS) and co-managers are undertaking will yield additional and better information to assess this metric in the future.
B.2.a.  Spawner composition
(1) Out-of-DPS spawners:  There are a significant number of out-of-DPS strays spawning naturally in the Deschutes River Eastside population.  Estimates for stray hatchery proportions are derived from observations in Buck Hollow, Bakeoven, and Trout Creeks.  Since 1990, we estimated that hatchery strays have comprised from 12-90% of the spawners in this population, with a mean of 34.4% annually.  We have no direct estimate of the proportion of out-of-DPS and Round Butte Hatchery strays for this population.  Assuming the same proportion of out-of-DPS strays as we did for the Deschutes River Westside population (based on observations at Warm Springs National Fish Hatchery), we estimate that an average of 29% of the spawners in the Deschutes River Eastside population were out-of-DPS strays.  Given this proportion and the duration of the influence we have rated the population at high risk for this metric.
(2) Out-of-MPG spawners from within the DPS:  There have been few out-of-MPG within-DPS strays recovered in the Deschutes River.  The only source of this type of stray steelhead is from the Umatilla Hatchery program.  We have rated this metric as very low risk due to the low proportion.
(3) Out-of-population spawners from within the MPG:  Strays originating from the Round Butte Hatchery program are considered out-of-population within-MPG strays because their origin includes fish captured at the Pelton Reregulation Dam ladder and at Sherars Falls.  The broodstock source likely includes both Westside and Eastside populations.  Based on a total average hatchery proportion of 34.4% and the average proportion that Round Butte Hatchery strays make up of the total strays at Warm Springs National Fish Hatchery (15.5%), we estimated that Round Butte Hatchery strays comprise 5.4% of the naturally spawning fish annually.  We have rated this metric as moderate risk.
(4) Within-population hatchery spawners:  There are no within-population hatchery fish produced, thus we have rated this metric as very low risk.
The overall spawner composition rating is high risk due to the high proportion of out-of DPS strays that spawn naturally in this population.

B.3.a.  Distribution of population across habitat types
The intrinsic potential distribution encompassed five ecoregions of which three accounted for greater than 10% of the distribution.  The current distribution is not significantly reduced from the historic distribution (Figure 3.1.3–6, Table 3.1.3–3).  We have rated this metric at low risk because there were three historic ecoregions occupied and no substantial reductions.
Figure 3.1.3– 6.  Deschutes River Eastside summer steelhead population spawning distribution across EPA level IV ecoregions.



Table 3.1.3– 3.  Deschutes River Eastside 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)

	Deschutes River Valley
	23.5
	10.4

	Deschutes / John Day Canyons 
	35.0
	42.3

	John Day Clarno Highlands
	4.2
	4.2

	John Day Clarno Uplands
	28.4
	34.3

	Umatilla Plateau
	9.0
	8.8


B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population passes two dams in its seaward and spawning migrations, thus impacts on this population are relatively low.  No traits are selectively affected by hydropower activity to the degree that they raise the risk level for this population.  The hydropower rating is low risk for all traits. 
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 slightly more than 2% of the total population.  There may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is no selective impact of the recreational fishery.  No phenotypic traits appear to be at risk as a result of harvest activity and the rating is low risk for all traits.
Hatcheries:  There are no steelhead hatchery programs operated within the population; therefore, the hatchery rating is very low risk.
Habitat:  Altered flow profiles and increased temperatures in tributary spawning and rearing areas, which have been in place for many generations and are ongoing, likely impose some selection on juvenile and adult migration timing, as well as spawn timing.  However, the magnitude of selective mortality is likely negligible; therefore the habitat rating for all traits is low risk.
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 during tern nesting season in May.  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 selection is low risk.
No single trait has a moderate risk rating for any selective activity.  Therefore, the overall selectivity rating for this population is low risk.


Spatial Structure and Diversity Summary
The integrated spatial structure/diversity rating is Moderate Risk for the Deschutes River Eastside population (Table 3.1.3–4).  The rating for Goal A (allowing natural rates and levels of spatially mediated processes) was low risk.  Although the overall rating for this goal was low, spawning distribution is reduced significantly from the historic distribution with loss of spawning in the Willow Creek drainage being the primary factor.  The population remains broadly distributed with little change in gaps and good continuity within the currently accessible habitat.
The rating for Goal B (maintaining natural levels of variation) was moderate risk.  Habitat changes in key tributary production areas have likely resulted in limitations to life history diversity and reduction in phenotypic expression.  In addition, a significant proportion of natural spawners are out-of-DPS strays which resulted in a high risk rating for the spawner composition metric.  Additional genetics information is needed to assess differentiation within and between populations, as well as to improve our understanding of the degree of introgression of out-of-DPS strays.  The ongoing genetics work of the USFWS and co-managers will provide the information needed to better assess the genetic health of this population.
Table 3.1.3– 4.  Deschutes River Eastside 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 = 1.3)
	Low Risk
(Mean = 1.3)
	Moderate Risk

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

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

	B.1.a
	L (1)
	L (1)
	Low Risk (1)
	Moderate Risk
(Mean = 0.5)
	

	B.1.b
	L (1)
	L (1)
	
	
	

	B.1.c
	L (1)
	L (1)
	
	
	

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

	B.2.a(2)
	VL (2)
	
	
	
	

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

	B.2.a(4)
	VL (2)
	
	
	
	

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

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





Overall Viability Rating 
The overall rating for the Deschutes River Eastside summer steelhead population currently meets ICTRT viability criteria for VIABLE status (Figure 3.1.3–7).  Overall abundance and productivity is rated at Low Risk.  The 10-year geometric mean abundance of natural-origin spawners is 1,599, which is well above the minimum abundance threshold of 1,000.  The 10-year geometric mean productivity (1.89 R/S; Table 3.1.3–6) exceeds the 1.35 R/S required at the minimum abundance threshold and puts the population into the very low risk region; however the 98% CI extends well below the 25% risk level.  This wide standard error results in a low risk level for abundance/productivity.  Overall spatial structure and diversity is rated at Moderate Risk.  This is primarily a result of the influence of habitat changes on life history and phenotypic expression as well as the influence of out-of-DPS hatchery spawners.
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Figure 3.1.3– 7.  Deschutes River Eastside 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 – Deschutes River Eastside Summer Steelhead Population
Data type:  Expansions from single pass surveys in major tributary spawning reaches.  Annual index area counts expanded to total population abundances using ratio of total to index area weighted intrinsic habitat (ICTRT 2007, Appendix C).  Assumed 2.1 fish per redd.  
SAR:  Mid-Columbia steelhead composite series (see Methods section).

Table 3.1.3– 5.  Deschutes River Eastside summer steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bolded values were used in estimating the current productivity (Table 3.1.3–6).
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Table 3.1.3– 6.  Deschutes River Eastside summer steelhead population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
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Table 3.1.3– 7.  Deschutes River Eastside summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
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Figure 3.1.3– 8.  Deschutes River Eastside summer steelhead 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.  Deschutes River Eastside summer steelhead 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 3.1.3–2) and fitting a capacity estimate to the data series.





[bookmark: _Toc201478209]  Current Status Assessment – Deschutes River Westside Summer Steelhead Population 
The Deschutes River Westside summer steelhead population (Figure 3.1.4–1, Figure 3.1.4–2) is one of five extant populations in the Cascades Eastern Slope Tributaries MPG within the Mid-Columbia steelhead DPS.  
[image: DRWSTsteelhead-msa-landscape-ver8lrg]Figure 3.1.4– 1.  Deschutes River Westside summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas - currently accessible population areas.
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[image: DRESTsteelhead-msa-landscape-e fixed]Figure 3.1.4– 2.  Deschutes River Westside summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas - historically accessible areas.




The Deschutes River Westside population can be classified as either “large” or “intermediate” in size and complexity depending on whether the classification is based on historically accessible habitat or currently accessible habitat.  These size category options exist because access to a considerable amount of habitat is blocked by the Pelton-Round Butte dams within the population, with current spawning only below the barrier (Table 3.1.3-1).  A steelhead population classified as large has a mean minimum abundance threshold 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.  Alternatively, a steelhead population classified as intermediate has a mean minimum abundance threshold of 1,000 natural-origin spawners with sufficient intrinsic productivity (≥ 1.35 recruits per spawner at the abundance threshold) to achieve a 5% risk of extinction over 100 years.  In this assessment we evaluate the population with the abundance/productivity (A/P) criteria for an intermediate sized population that assesses only the habitat below the Pelton Reregulation Dam.  However, for the spatial structure/diversity (SS/D) assessment we evaluated the population based on the historic distribution and characteristics.  Viable status for this population could not be achieved using A/P criteria for a large population because current capacity is not adequate to meet abundance criteria.
Table 3.1.4– 1.  Deschutes River Westside summer steelhead population basin statistics and intrinsic potential analysis summary.
	Metric
	All areas
	Currently Accessible areas

	Drainage area (km2)
	6,060
	3,619

	Stream lengths km (total) a
	2,230
	1,511

	Stream lengths km (below natural barriers) a
	1,474
	937

	Branched stream area weighted by intrinsic potential (km2)
	5.51
	2.65

	Branched stream area km2 (weighted and temp. limited) b
	5.01
	2.24

	Total stream area weighted by intrinsic potential (km2)
	8.25
	4.56

	Total stream area weighted by intrinsic potential (km2) temp limited b
	6.61
	3.18

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

	Number of major spawning areas (MaSAs)
	6
	4

	Number of minor spawning areas (MiSAs)
	9
	7


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 (1978 to 2005) total spawner abundance (number of adult spawners in natural production areas) has ranged from 154 in 1996 to 1,548 in 2003 (Figure 3.1.4–3).  Current abundance of natural-origin adult spawners ranged from 108 in 1996 to 1,283 in 2003 (Figure 3.1.4–3).  Abundance estimates for the Deschutes River Westside population of adult spawning steelhead are the sum of abundance estimates for three components of the population:
1. natural-origin fish upstream of the Warm Springs National Fish Hatchery (NFH) barrier dam at river kilometer (rkm) 16 in the Warm Springs River
1. natural-origin and hatchery fish that ascend Shitike Creek
1. natural-origin and hatchery-origin fish that remain in the mainstem Deschutes River and spawn from above the mouth of Trout Creek upstream to Pelton Reregulation Dam
The data series begins in the 1978 spawning year with census counts at Warm Springs NFH and in the 1982 spawning year with single pass spawning ground surveys in Shitike Creek index survey units in that cover 67% of the currently used spawning habitat.  For the mainstem, single pass aerial surveys were conducted in 1995 and 2001 (Pribyl 1995 and 2001), and multiple pass surveys were conducted in 1996 and 1997 (Zimmerman and Reeves 2000).
To estimate spawning abundance in Shitike Creek, observed redd densities (redds/m2) in surveyed reaches were used to estimate redd densities in unsurveyed areas.  Variability in habitat quality and capacity throughout reaches in Shitike Creek is accounted for by using the ICTRT’s historical intrinsic potential.  The ICTRT intrinsic potential analyses were used to estimate redds per weighted m2 of habitat in surveyed reaches.  To estimate total redds in the population we multiplied the number of redds per weighted m2 in surveyed reaches by the total weighted m2 of currently occupied habitat in Shitike Creek (ICTRT 2007).  Historical intrinsic potential is estimated using a simple GIS-based model that accounts for differences across stream reaches in terms of stream width, gradient, and valley width that are further weighted by habitat quality.  An expansion of 2.1 fish per redd was used to estimate annual spawner abundance (R. Carmichael, Oregon Department of Fish & Wildlife, personal communication).  This estimate was derived for summer steelhead in Deer Creek, a tributary of the Wallowa River.  For the 1978-1981 spawning years when spawning ground surveys were not conducted in Shitike Creek, the Shitike Creek abundance was assumed to represent 1.6% of the Sherars Falls escapement based on the average proportional relation between Shitike Creek and Sherars Falls escapement from 1982 to present.
Abundance estimates for the mainstem Deschutes River upstream of Trout Creek also assume 2.1 fish per redd.  For years when spawning ground surveys were not conducted in the mainstem, an average relative proportion of observed spawning activity per number of fish escaping above Sherars Falls was applied to the Sherars Falls escapement (1.2%).
Abundance of progeny by spawning year is estimated by apportioning the total spawning abundance estimate into hatchery- and natural-origin fish.  The proportion of hatchery fish entering Shitike Creek to spawn and hatchery fish remaining in the mainstem upstream of Trout Creek is assumed to be identical to the proportion of hatchery fish observed at the Warm Springs NFH barrier.
Virtually no spawning steelhead in the Deschutes River Westside population have been sampled for age-at-return, and no population specific information exists to assign natural-origin spawners into cohorts to estimate abundance of progeny.  Age structure information used to estimate progeny by brood year is based on the average of a two-year sample of scales from natural-origin adult steelhead (N=100) collected in the lower Deschutes River (Olsen, et al., 1991).
Recent year natural spawners include returns originating from naturally spawning parents, strays from the Deschutes Subbasin Round Butte Hatchery program, and a significant number of out-of-DPS hatchery strays from the Snake River.  Natural-origin spawners have comprised an average of 82% of naturally spawning fish since 1978.  The percentage of natural-origin spawners has ranged from 57% to 97%.

[image: ]Abundance in recent years has been moderately variable.  The 10-year (1996-2005) geometric mean abundance of natural-origin spawners was 456 (Table 3.1.4–2).  During the period 1980-1999, recruits per spawner (R/S, in terms of spawner to spawner) for steelhead in the Deschutes River Westside population ranged from 0.24 in 1987 to 3.72 in 1996.  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 1.05 R/S, adjusted for SAR and delimited at 75% (750 spawners) of the minimum abundance threshold (Table 3.1.4–2).Figure 3.1.4– 3.  Deschutes River Westside summer steelhead population spawner abundance estimates (1978-2005).

Table 3.1.4– 2.  Deschutes River Westside summer steelhead population abundance and productivity estimates.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	456
	(108-1283)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.75
	(0.57-0.97)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (20-year R/S, SAR adjusted & delimited) a
	1.05
	(0.81-1.37)
	0.15

	Productivity (20-year Beverton-Holt fit, SAR adjusted) 
	n/a
	
	n/a

	Trend Statistics (1980-2005)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	0.99
	(0.96-1.17)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	0.97
	(0.78-1.20)
	0.35

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	1.02
	(0.81-1.29)
	0.58


a. Delimited productivity excludes any recruit/spawner pair where the spawner number > 75% of the population’s minimum abundance threshold.  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: ]The Deschutes River Westside population is at High Risk based on current abundance and productivity.  The point estimate for abundance and productivity resides below the 25% risk curve (Figure 3.1.4–4).  The upper end of the 90% confidence interval (CI) for productivity extends slightly above the 25% risk curve but is not significant enough to lower the risk rating. Figure 3.1.4– 4.  Deschutes River Westside summer steelhead population current abundance/productivity (A/P) compared to the DPS viability curve.  Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A/P.

The average trend in abundance over the most recent 20 years has been just below 1.0 based on both the trend in ln(natural-origin spawner abundance) and the population growth rate metric (λ) with no adjustment for relative hatchery-origin spawner effectiveness (Table 3.1.4–2).  The pattern in returns from 1991 through 2005 is similar to the pattern for several other Mid-Columbia DPS steelhead populations, including the Deschutes River Eastside; an increasing trend beginning in 1996 followed by an abrupt decrease to levels observed in the early 1990s.  The estimated proportion of hatchery-origin spawners has been relatively constant at 25% over this time period (Table 3.1.4–2).  The relative effectiveness of hatchery-origin spawners in contributing to natural production in this population is not known.  The estimated population growth rate calculated for this population is sensitive to the input value for relative hatchery effectiveness.  Setting the value to 0.0, the opposite extreme from 1.0, results in an estimated annual growth rate of 1.02 (0.58 probability of exceeding 1.0).  

Spatial Structure and Diversity 
The ICTRT has identified six major spawning areas (MaSAs) and nine minor spawning areas (MiSAs) in the historically accessible habitat within the Deschutes River Westside steelhead population (Figure 3.1.3–5).  In the currently accessible habitat there are four MaSAs and seven MiSAs (Figure 3.1.3–6).  The Metolius River is identified as a MaSA in the historically accessible habitat; however there is considerable uncertainty regarding the magnitude of historical steelhead production in this river.  Recent conclusions reached by Cramer and Beamsderfer (2001) suggest that the primary O mykiss life history form in the Metolius River was resident and it is likely that little steelhead production occurred.  When we conducted the spatial structure/diversity assessment, we did not consider the Metolius River as a MaSA due to the uncertainty in historical use.  Current distribution is reduced significantly from the historic distribution as a result of loss of accessibility to the Whychus Creek drainage.  Spawning is currently concentrated in the Warm Springs River and Shitike Creek, as well as in the mainstem Deschutes River between Trout Creek and Pelton Reregulation Dam.
Spawners within the Deschutes River Westside population include natural-origin returns, hatchery returns of Deschutes River origin fish produced from Round Butte Hatchery, and out-of-DPS hatchery strays primarily from the Snake River basin.  Hatchery-origin fish comprise a significant proportion of the natural spawners in Shitike Creek and the Deschutes River mainstem.  Hatchery fish are removed from returns to the Warm Springs River at Warm Springs NFH, which reduces the proportion of naturally spawning hatchery fish in the population.
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Figure 3.1.4– 5.  Deschutes River Westside 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.  This figure is based on historically accessible areas within the population.
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Figure 3.1.4– 6.  Deschutes River Westside 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.  This figure is based on currently accessible areas within the population.
Factors and Metrics
A.1.a.  Number and spatial arrangement of spawning areas
The Deschutes River Westside population has five MaSAs and nine MiSAs distributed in a dendritic pattern.  The historic primary production areas include the Warm Springs River, Shitike Creek, Whychus Creek, and the Deschutes River mainstem.  Based on the Oregon Department of Fish and Wildlife (ODFW) current spawner distribution database, four of the five historic MaSAs are currently occupied and four of the nine MiSAs are occupied.  The Deschutes River Westside population is rated at very low risk for this metric.

A.l.b.  Spatial extent or range of population
The current spawner distribution is reduced substantially from the historic intrinsic distribution.  One of the five historic MaSAs (Whychus) is currently unoccupied.  In addition, only four of the nine MiSAs are occupied (Figures 3.1.4–7 and 3.1.4–8).  The population is rated at low risk because 80% of the MaSAs are occupied.  There are index spawning surveys conducted in the Warm Springs River drainage and the Shitike Creek drainage.  Results of these surveys will be evaluated for future viability assessments.
[image: DRWSTsteelhead-use-landscape-ver2]
Figure 3.1.4– 7.  Deschutes River Westside summer steelhead population current spawning distribution and spawning area occupancy designations.  This figure includes both currently accessible areas and historically accessible areas.




Figure 3.1.4– 8.  Deschutes River Westside summer steelhead population current spawning distribution and spawning area occupancy designations.  This figure is based on historically accessible areas.





A.1.c.  Increase or decrease in gaps or continuities between spawning aggregates  
There has been a substantial change in gaps between, and continuity within, the spawning areas in the Deschutes River Westside population.  The loss of occupancy in the Whychus MaSA has resulted in loss of production in the entire upper area of the population.  The population is rated at moderate risk for this metric.
B.1.a.  Major life history strategies  
There are limited data to allow any direct comparisons of historic and current major life history strategies.  Current habitat conditions are such that the potential for diverse juvenile life history patterns, such as movement between tributary and mainstem, as well as tributary and mainstem rearing, are possible.  The population demonstrates multiple ages of smolt migration and ocean residence time.  It does not appear likely that any loss in variability or change in major life history strategies has occurred for this population.  Thus, the population is rated at very low risk for this metric.
B.1.b.  Phenotypic variation
We have no direct observations to assess loss or substantial changes in phenotypic traits, therefore we must infer from habitat conditions.  There does not appear to be the level of habitat changes within the basin that would result in loss of any major traits or substantial shifts in the mean of multiple traits.  It is likely that flow and temperature changes in the mainstem Columbia River, as well as temperature changes within the Deschutes River subbasin, have influenced adult migration timing as well as smolt migration timing to a small degree.  Thus, we have rated the population at low risk for this metric.
B.1.c.  Genetic variation
There are only a few samples available from the Deschutes River Westside population, and those that are available are from a small tributary, Nena Creek.  These samples show similarity to both the Deschutes River Eastside population samples and to out-of-population hatchery samples.  Primarily on the basis of limited information and apparent similarity to the out-of-population hatchery samples, we have rated the population at moderate risk for this metric.  Additional tissue samples have been collected and will be analyzed in the near future.  The genetics variation metric will be reassessed for this population following the completion of analyses of the recent samples.
B.2.a.  Spawner composition
(1) Out-of-DPS spawners:  A significant number of out-of-DPS strays spawn naturally in the Deschutes River Westside population.  Estimates of strays are derived from stray hatchery proportions and stray origin data collected at the Warm Springs NFH trap and expanded to unsampled areas in the population.  Hatchery fish are removed at the Warm Springs NFH, thus the overall hatchery proportion in the population is less than the proportion observed at Warm Springs NFH.  The majority of stray hatchery fish at Warm Springs NFH are out-of-DPS strays.  We estimated that hatchery strays have comprised 18% of the natural spawners in the population since 1978.  Of the 18%, about 15.2% were estimated as out-of-DPS strays, primarily from the Snake River basin.  We were unable to acquire stray origin data for the most recent years, thus we will update the risk rating when the data are received.  Given the high proportion and the length of time that out-of-DPS hatchery strays have been present in this population, the rating is high risk for this metric.
(2) Out-of-MPG spawners from within the DPS:  There have been few out-of-MPG within-DPS strays recovered in the Deschutes River.  The only source for this type of stray fish is from the Umatilla Hatchery program.  This metric rated at low risk due to the low proportion of strays.
(3) Out-of-population spawners from within the MPG:  There have been no observed strays originating from hatchery programs operated outside the Deschutes River subbasin but within the MPG.  The rating is very low risk.
(4) Within-population hatchery spawners:  The Round Butte Hatchery program operates as a harvest augmentation program within the Deschutes River subbasin and does not use best management practices as described for supplementation programs.  Round Butte Hatchery fish are present in the naturally spawning population at low levels with an average of 2.8% since 1978.  We have rated the metric at moderate risk because of the low proportion of hatchery fish in the natural spawning population.
The overall spawner composition rating is high risk due to the high proportion of out-of-DPS strays that spawn naturally in this population.

B.3.a.  Distribution of population across habitat types
The intrinsic potential distribution within historically accessible habitat encompassed seven ecoregions (Figures 3.1.4–9 and 3.1.4–10), of which four accounted for 10% or more of the distribution (Table 3.1.4–3).  There has been no substantial shift in ecoregion distribution from the historic intrinsic to the current distribution (Table 3.1.4–3).  The population rated as very low risk because there are four ecoregions with no substantial change in proportional distribution.

[image: DRWSTsteelhead-eco-landscape-ver2]
Figure 3.1.4– 9.  Deschutes River Westside summer steelhead population spawning distribution across EPA level IV ecoregions.  This figure shows currently and historically accessible areas.






Figure 3.1.4– 10.  Deschutes River Westside summer steelhead population spawning distribution across EPA level IV ecoregions.  This figure is based on historically accessible areas.



Table 3.1.4– 3.  Deschutes River Westside summer steelhead population proportion of current spawning areas across EPA level IV ecoregions.
	Ecoregion
	% of historical spawning area (non-temp. limited) 
ALL AREAS
	% of currently occupied spawning area (non-temp. limited)
ALL AREAS
	% of historical spawning area (non-temp. limited)
CURRENTLY OCC. AREAS
	% of currently occupied spawning area (non-temp. limited)
CURRENTLY OCC. AREAS

	Umatilla Plateau
	1.7
	4.0
	3.0
	4.0

	Deschutes/John Day Canyons
	10.9
	27.4
	19.6
	27.4

	John Day / Clarno Uplands
	13.0
	19.3
	23.4
	19.3

	Deschutes River Valley
	18.3
	7.3
	7.1
	7.3

	Cascade Crest Montane Forest
	8.2
	4.7
	10.1
	4.7

	Grand Fir Mixed Forest
	0.3
	0.5
	0.6
	0.5

	Ponderosa Pine / Bitterbrush Woodland
	47.6
	36.8
	36.1
	36.8



B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population passes two dams in its seaward and spawning migrations, thus impacts on this population are relatively low.  No traits are selectively affected by hydropower activity to the degree that they raise the risk level for this population.  The hydropower rating is low risk for all traits. 

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 slightly more than 2% of the total population.  There may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is no selective impact of the recreational fishery.  No phenotypic traits appear to be at risk as a result of harvest activity and the rating is low risk for all traits.
Hatcheries:  There is a hatchery program operated within this population.  Hatchery broodstock are collected at Pelton Dam and no natural-origin fish are collected.  Broodstock are collected in a manner which results in no selective impact for any adult phenotypic traits.  The population is rated at very low risk of selective hatchery actions for all traits.
Habitat:  Altered flow profiles and increased temperatures in tributary spawning and rearing areas, which have been in place for many generations and are ongoing, likely impose some selection on juvenile and adult migration timing, as well as spawn timing.  However, the magnitude of selective mortality is likely negligible; therefore the habitat rating for all traits is low risk.
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 during tern nesting season in May.  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 selection is low risk.
No single trait has a moderate risk rating for any selective activity.  Therefore, the overall selectivity rating for this population is low risk.
Spatial Structure and Diversity Summary
The integrated spatial structure/diversity rating is Moderate Risk for the Deschutes River Westside population (Table 3.1.4–4).  The population rates at moderate risk for one of the spatial distribution metrics (Goal A: low risk overall) because the current distribution is substantially reduced from the historic intrinsic distribution due to blocked passages to areas above the Pelton-Round Butte Complex.  Ratings for two diversity metrics resulted in a moderate risk rating for Goal B (maintaining natural patterns of variation).  Genetic variation rated moderate due to limited data and the lack of differentiation between the Deschutes River samples and outside-basin hatchery samples.  Samples collected in 2005-2006 will better inform the risk associated with genetic variation.  The proportion of out-of-DPS hatchery strays resulted in a high risk rating for spawner composition.  Most of these strays originate from the Snake River basin.

Table 3.1.4– 4.  Deschutes River Westside 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) 
	Low Risk  
(Mean = 1)
	Moderate Risk

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

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

	B.1.a
	VL (2)
	VL (2)
	Moderate Risk (0)
	Moderate Risk (0)
	

	B.1.b
	L (1)
	L (1)
	
	
	

	B.1.c
	M (0)
	M (0)
	
	
	

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

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

	B.2.a(3)
	VL (2)
	
	
	
	

	B.2.a(4)
	M (0)
	
	
	
	

	B.3.a
	VL (2)
	VL (2)
	VL (2)
	
	

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


Overall Viability Rating 
The Deschutes River Westside steelhead population does not currently meet the ICTRT recommended viability criteria and the overall viability rating is considered HIGH RISK (Figure 3.1.4–11).  Overall abundance and productivity is rated at High Risk.  The 10-year geometric mean abundance of natural-origin spawners is 456, which is only 46% of the minimum abundance threshold of 1,000.  The 20-year geometric mean productivity (1.05 R/S; Table 3.1.4–6) is below the viability minimum of 1.35 R/S required for an intermediate sized population.  A substantial increase in productivity will be required to raise the productivity value to the low risk level.  The overall spatial structure and diversity rating is at Moderate Risk.  The genetics information that is currently being collected will better inform the genetics variation risk level in the future.  A reduction in the proportion of naturally spawning out-of-DPS hatchery strays will be needed to reduce the risk rating for the spawner composition metric.  
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Figure 3.1.4– 11.  Deschutes River Westside 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 – Deschutes River Westside Summer Steelhead Population
Data type:  Expansions from single pass surveys, Warm Springs weir count.  Annual index area counts expanded to total population abundances using ratio of total to index area weighted intrinsic habitat (ICTRT, 2007 appendix C).  Assumed 2.1 fish per redd.    
SAR:  Mid-Columbia steelhead composite series (see Methods section).

Table 3.1.4– 5.  Deschutes River Westside summer steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bolded values were used in estimating the current productivity (Table 3.1.4–6).
[image: ]

Table 3.1.4– 6.  Deschutes River Westside summer steelhead population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
[image: ]
Table 3.1.4– 7.  Deschutes River Westside summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
[image: ]
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Figure 3.1.4– 12.  Deschutes River Westside summer steelhead 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 3.1.4– 13.  Deschutes River Westside summer steelhead 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 3.1.4–2) and fitting a capacity estimate to the data series.




. 
[bookmark: _Toc201478211]  Current Status Assessment – Rock Creek Summer Steelhead Population   
The Rock Creek summer steelhead population (Figure 3.1.5–1) is one of five extant populations in the Cascades Eastern Slope Tributaries MPG within the Mid-Columbia steelhead DPS.    
Figure 3.1.5– 1.  Rock Creek summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.



The Interior Columbia Technical Recovery Team (ICTRT) classified the Rock Creek population as “basic” in size and complexity based on historical habitat potential (Table 3.1.5–1; ICTRT 2007).  A steelhead population classified as basic has a mean minimum abundance threshold criteria of 500 natural-origin spawners with a sufficient intrinsic productivity (≥ 1.56 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 Rock Creek population to achieve a 1% or less risk (“very low risk”) of extinction over a 100 years, productivity would need to be at or greater than 2.00 recruits per spawner at the minimum abundance threshold.

 Table 3.1.5– 1.  Rock Creek summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	586

	Stream lengths km (total) a
	169

	Stream lengths km (below natural barriers) a
	166

	Branched stream area weighted by intrinsic potential (km2)
	0.665

	Branched stream area km2 (weighted and temp. limited) b
	0.411

	Total stream area weighted by intrinsic potential (km2)
	0.683

	Total stream area weighted by intrinsic potential (km2) temp limited b
	0.419

	Size / Complexity category
	Basic

	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 
[image: ]At present, no direct estimates of abundance and productivity are available for Rock Creek steelhead.  There have been no systematic redd surveys in this population area.  The general presence of steelhead has been documented (NPCC 2004).  
The Rock Creek steelhead population is at High Risk based on the lack of current direct information or indirect assessments of abundance and productivity.
 Figure 3.1.5– 2.  Mid-Columbia steelhead DPS viability curve.  No direct estimates of current abundance and productivity are available for the Rock Creek summer steelhead population.









Spatial Structure and Diversity 
The Lower Mid-Columbia Mainstem Subbasin Plan (NPCC 2004) includes a review of stream reaches with documented evidence of steelhead presence in recent years.  Steelhead have been observed in the lower and middle reaches of Rock Creek, lower Quartz Creek and Squaw Creek, and it is presumed that the current range is very similar to historic.
[image: Bar chart showing the proportion of intrinsic potential habitat for the Rock Creek major spawning area that may be subject to temperature limitations (38%).
]
Figure 3.1.5– 3.  Rock Creek summer steelhead population distribution of intrinsic potential habitat across the major (MaSA) spawning area.  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 Rock Creek steelhead population includes one major spawning area (MaSA).  Using the ICTRT criteria, populations restricted to a single MaSA are rated at high risk for this metric.  

A.l.b.  Spatial extent or range of population
Based on the references to observed steelhead spawning summarized above, the single historical MaSA within this population is considered occupied.  Therefore this population is assigned a low risk rating for this metric.
[image: ]
Figure 3.1.5– 4.  Rock Creek 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 Rock Creek population has a single MaSA.  In this case, the gaps assessment is based on considerations for the downstream distribution of spawning relative to adjacent populations.  Given the general information on the presence of spawners in the lower reaches of Rock Creek, the gap between spawning in Rock Creek and nearby populations has not substantially increased. Therefore this population is assigned a low risk rating for this metric.
B.1.a.  Major life history strategies
Little direct information is available regarding major life history strategies for this population.  The Lower Mid-Columbia Mainstem Subbasin Plan (NPCC 2004) cites mainstem juvenile sampling conducted by the Washington Department of Fish and Wildlife (WDFW) in 1990 and draws inferences from nearby population areas with similar habitat conditions and concludes that Mid-Columbia steelhead smolts usually migrate after rearing in streams for two years.  Some juvenile steelhead appear to rear in the upper Rock Creek watershed for a period of several months between May and October, but it is unknown if they undertake a winter migration to holding areas lower in the basin.  Given the lack of direct information on life history strategies and the potential change due to habitat alterations in this drainage, we rate the population at moderate risk for this metric. 

B.1.b.  Phenotypic variation
Given the lack of direct information on life history strategies and the potential change due to habitat alterations in this drainage, we rate the population at moderate risk for this metric.
B.1.c.  Genetic variation
There are no genetic samples available to characterize current genetic variation for the Rock Creek population.  Therefore, using ICTRT guidelines, this population is assigned a moderate risk rating for this metric.
B.2.a.  Spawner composition
There are no direct estimates of hatchery contributions to natural spawning within this population.  We developed a relative risk estimate for this metric based on inferences from a review of sampling information for adjacent Mid-Columbia DPS steelhead tributaries (e.g., Umatilla River, Deschutes River and Fifteenmile Creek).  
(1)  Out-of-DPS spawners:  No estimates of spawner composition are available for Rock Creek.  A significant number of out-of-DPS spawners enter the nearby Deschutes, John Day and Umatilla Rivers.  Estimates of out-of-DPS spawners into those systems are based on expanded coded wire tag (CWT) recoveries from hatchery fish.  Straying rates into the Deschutes River system are relatively high and may reflect attraction to relatively cold outflows into the mainstem Columbia River.  We assumed that stray rates of out-of-DPS spawners into Rock Creek are similar to those for the Umatilla and John Day Rivers and rated this metric as moderate risk.  
(2)  Out-of-MPG spawners from within the DPS:  Umatilla River strays are the only potential source of hatchery production outside of the Cascades Eastern Slopes Tributaries MPG but within the Mid-Columbia DPS.  Relatively small numbers of Umatilla River hatchery-origin spawners have been observed in sampling within the John Day River.  Outflows from Rock Creek are less than from the Umatilla River, and Rock Creek enters on the opposite bank of the mainstem Columbia River.  Based on these observations we assumed a relatively low contribution rate of Umatilla River origin spawners in Rock Creek, thus the rating is low risk for this metric.
(3)  Out-of-population spawners from within the MPG:  The only hatchery program within the MPG is in the Deschutes River.  Only one known Deschutes River hatchery-origin CWT fish has been recovered in sampling in other population areas within the MPG.  We rated this metric as low risk.  
(4)  Within-population hatchery spawners:  There are no steelhead hatchery programs operating within the Rock Creek population, therefore this metric is rated as very low risk.
We assigned the population an overall rating of moderate risk for spawner composition (B.2.a) based on the assumption that out-of-DPS hatchery fish documented in neighboring populations were also present in Rock Creek.   

B.3.a.  Distribution of population across habitat types
Based on the ICTRT intrinsic potential analysis, four different ecoregions each contained substantial proportions of the historical range for the Rock Creek population.  Spawners have been documented within three of the four regions (less than three percent within the Yakima Folds ecoregion).  In the absence of more definitive information on spawner distribution, ICTRT guidelines rate the Rock Creek population at moderate risk for this metric.
Figure 3.1.5– 5.  Rock Creek summer steelhead population spawning distribution across EPA level IV ecoregions.



Table 3.1.5– 2.  Rock Creek 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)

	Oak/Conifer Foothills
	52.1
	39.5

	Pleistocene Lake Basins
	17.7
	0.0

	Yakima Folds
	17.9
	2.7

	Yakima Plateau and Slopes
	12.3
	57.8



B.4.a.  Selective change in natural processes or selective impacts
Hydropower:  This population passes three dams in its seaward and spawning migrations, thus impacts on this population are relatively low.  No traits are selectively affected by hydropower activity to the degree that they raise the risk level for this population.  The hydropower rating is low risk for all traits. 
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 slightly more than 2% of the total population.  There may be some very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery.  While heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is no recreational fishery in the subbasin.  No phenotypic traits appear to be at risk as a result of harvest activity and the rating is low risk.
Hatcheries:  There are no steelhead hatchery programs operated within the population, therefore, there are no selective effects.  The rating is very low risk.
Habitat:  Altered flow profiles and increased temperatures in tributary spawning and rearing areas, which have been in place for many generations and are ongoing, likely impose some selection on juvenile and adult migration timing.  However, the magnitude of the impact on any trait is negligible, thus the rating is low risk for all traits.
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 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 selection is low risk.
No single trait has a moderate risk rating for any selective activity.  Therefore, we conclude that the overall selectivity metric for the Rock Creek summer steelhead population is low risk.






Spatial Structure and Diversity Summary
The combined integrated spatial structure/diversity rating is Moderate Risk (Table 3.1.5–4) for the Rock Creek population.  Based on the ICTRT historical potential analysis, the Rock Creek population was relatively simple, containing a single MaSA.  Although observations indicate that steelhead spawning may occur across much of the historical range, the relatively simple population structure results in a moderate risk rating for Goal A (allowing natural rates and levels of spatially mediated processes).  The rating for Goal B (maintaining natural levels of variation) is also moderate risk.  That rating is largely driven by the lack of any direct information on current life history patterns (B.1.a.), phenotypic diversity (B.1.b.), genetics (B.1.c.), hatchery spawner proportion (B.2.a.4.) or distribution across ecoregions (B.3.a.).  
Table 3.1.5– 3.  Rock Creek summer steelhead population spatial structure and diversity risk rating summary.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	H (-1)
	H (-1)
	Moderate Risk
(Mean = 0.33) 
	Moderate Risk 
(Mean = 0.33)
	Moderate Risk

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

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

	B.1.a
	M (0)
	M (0)
	Moderate Risk (0)
	Moderate Risk (0)
	

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

	B.1.c
	M (0)
	M (0)
	
	
	

	B.2.a(1)
	M (0)
	Moderate Risk (0)
	Moderate Risk (0)
	
	

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

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

	B.2.a(4)
	VL (2)
	
	
	
	

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

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







Overall Viability Rating 
The Rock Creek steelhead population does not meet ICTRT viability criteria and the overall viability rating is considered HIGH RISK (Figure 3.1.5–6).  Overall abundance and productivity is rated at High Risk.  The overall spatial structure and diversity rating is at Moderate Risk.  The lack of direct estimates of abundance and productivity for this population was a factor in assigning the high risk rating.  
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Figure 3.1.5– 6.  Rock Creek 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).



[bookmark: _Toc201478212]  Current Status Assessment – White Salmon River Summer/Winter Steelhead Population    
The functionally extirpated White Salmon River summer/winter steelhead population (Figure 3.1.6–1) was historically part of the Cascades Eastern Slope Tributaries MPG within the Mid-Columbia steelhead DPS.
     Figure 3.1.6– 1.  White Salmon River summer/winter steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.


The White Salmon River population was functionally extirpated as a result of Condit Dam, a total block to anadromous fish passage low in the drainage.  The historical population likely supported both summer and winter life history patterns based on habitat conditions and the composition of nearby populations.  Basic drainage statistics and maps of historical distribution based on the ICTRT standard intrinsic potential analysis are included in this assessment. 
The ICTRT classified the White Salmon River population as “basic” in size and complexity based on historical habitat potential (Table 3.1.6–1; ICTRT 2007).  A steelhead population classified as basic has a mean minimum abundance threshold criteria of 500 natural-origin spawners with a sufficient intrinsic productivity (≥ 1.56 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 White Salmon 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 1.64 recruits per spawner at the minimum abundance threshold.
Table 3.1.6– 1.  White Salmon River summer/winter steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	1,368

	Stream lengths km (total) a
	562

	Stream lengths km (below natural barriers) a
	85

	Branched stream area weighted by intrinsic potential (km2)
	0.192

	Branched stream area km2 (weighted and temp. limited) b
	0.192

	Total stream area weighted by intrinsic potential (km2)
	0.480

	Total stream area weighted by intrinsic potential (km2) temp limited b
	0.480

	Size / Complexity category
	Basic

	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 
The White Salmon River summer/winter steelhead population is not rated for abundance and productivity since it is considered to be functionally extirpated.

Spatial Structure and Diversity 
The ICTRT has identified one major spawning area (MaSA) and no minor spawning areas (MiSAs) based on analysis of the historical tributary habitat potential for steelhead in the White Salmon River drainage.  There is no current spawning activity in this population, as this is an extirpated population.Figure 3.1.6– 2.  White Salmon River summer/winter steelhead population current spawning distribution and spawning area occupancy designations.


Factors & Metrics
A.1.a  Number and spatial arrangement of spawning areas
This population is functionally extirpated and is therefore not rated.
A.l.b.  Spatial extent or range of population
This population is functionally extirpated and is therefore not rated.
A.1.c.  Increase or decrease in gaps or continuities between spawning areas
This population is functionally extirpated and is therefore not rated.
B.1.a.  Major life history strategies
This population is functionally extirpated and is therefore not rated.
B.1.b.  Phenotypic variation
This population is functionally extirpated and is therefore not rated.
B.1.c.  Genetic variation
This population is functionally extirpated and is therefore not rated.
B.2.a.  Spawner composition
This population is functionally extirpated and is therefore not rated.




B.3.a.  Distribution of population across habitat types
This population is functionally extirpated and is therefore not rated.
[image: ]
Figure 3.1.6– 3.  White Salmon River summer/winter steelhead population spawning distribution across EPA level IV ecoregions.
Table 3.1.6– 2.  White Salmon River summer/winter 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)

	Oak / Conifer Foothills
	100.0
	100.0



B.4.a.  Selective change in natural processes or selective impacts
This population is functionally extirpated and is therefore not rated.
Spatial Structure and Diversity Summary
The White Salmon River summer/winter steelhead population is not rated for spatial structure and diversity since it is considered to be functionally extirpated.
Overall Viability Rating
The White Salmon River summer/winter steelhead population does not have an overall viability rating since it is considered to be functionally extirpated.

  Current Status Assessment –Crooked River Summer Steelhead Population 
The functionally extirpated Crooked River summer steelhead population (Figure 3.1.7–1), located entirely above the Pelton Reregulation Dam in the Deschutes River subbasin, was historically part of the Cascades Eastern Slope Tributaries MPG within the Mid-Columbia steelhead DPS. [image: DRCROsteelhead-msa-landscape]
Figure 3.1.7– 1.  Crooked River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Crooked River population as “very large” in size and complexity (Table 3.1.7–1).  A steelhead population classified as very large has a mean minimum abundance threshold of 2,250 natural-origin spawners with sufficient intrinsic productivity (≥ 1.19 recruits per spawner at the abundance threshold level) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Crooked 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 1.41 recruits per spawner at the minimum abundance threshold.


Table 3.1.7– 1.  Crooked River summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	11,832

	Stream lengths km (total) a
	2054

	Stream lengths km (below natural barriers) a
	2046

	Branched stream area weighted by intrinsic potential (km2)
	9.855

	Branched stream area km2 (weighted and temp. limited) b
	9.855

	Total stream area weighted by intrinsic potential (km2)
	11.358

	Total stream area weighted by intrinsic potential (km2) temp limited b
	11.358

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

	Number of Major Spawning Areas (MaSA)
	10

	Number of Minor Spawning Areas (MiSA)
	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
The Crooked River steelhead population is currently extirpated.  Steelhead distribution was restricted in Crooked River by construction of Ochoco Dam at RM 10 in 1921 and further by Bowman Dam (RM 70) constructed in 1961.  Access to habitat above RM 100 on the mainstem Deschutes River was blocked entirely by 1968 due to inadequate passage at the Pelton and Round Butte dams, thus terminating access to the Crooked River drainage.
Spatial Structure and Diversity
The ICTRT has identified ten major spawning areas (MaSAs) and two minor spawning areas (MiSAs) within the Crooked River steelhead population (Figure 3.1.7–2).  The population boundaries are completely above the Pelton Reregulation Dam and, therefore, all areas are currently inaccessible.  
[image: ]
Figure 3.1.7– 2.  Crooked River summer steelhead population distribution of intrinsic potential habitat across major (MaSAs) and minor (MiSAs) spawning areas.  

Factors and Metrics
A.1.a.  Number and spatial arrangement of spawning areas
The Crooked River population has ten MaSAs and two MiSAs distributed in a dendritic pattern.  All areas within this population have been extirpated due to the Pelton Reregulation Dam.  Reintroduction of steelhead into the Crooked River subbasin is currently being planned.  
A.l.b.  Spatial extent or range of population
There is no current spawner distribution.  All areas above the Pelton Reregulation Dam, including the Crooked River population, have been extirpated (Figure 3.1.7–3).
[image: DRCROsteelhead-use-landscape-ver2]
Figure 3.1.7– 3.  Crooked River summer steelhead population current spawning distribution and spawning area occupancy designations.


A.1.c.  Increase or decrease in gaps or continuities between spawning aggregates
This population is functionally extirpated and is therefore not rated.
B.1.a.  Major life history strategies
There are no data to allow any direct analyses of historic major life history patterns.  This population is functionally extirpated and is therefore not rated.
B.1.b.  Phenotypic variation
We have no direct observations to assess historic phenotypic traits.  This population is functionally extirpated and is therefore not rated.
B.1.c.  Genetic variation
There are no genetics data for the Crooked River population.  This population is functionally extirpated and is therefore not rated.
B.2.a.  Spawner composition
This population is functionally extirpated and is therefore not rated.
B.3.a.  Distribution of population across habitat types
The intrinsic potential distribution encompassed eight ecoregions, of which three accounted for greater than 10% of the distribution (Figure 3.1.7–4).  The Crooked River steelhead population is extirpated and therefore no ecoregions are currently occupied.
[image: DRCROsteelhead-eco-landscape-ver3]
Figure 3.1.7– 4.  Crooked River summer steelhead population spawning distribution across EPA level IV ecoregions.

Table  2.  Crooked 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)

	John Day Clarno Uplands
	46.7
	0

	John Day Clarno Highlands
	13.2
	0

	Continental Zone Highlands
	0.03
	0

	Mesic Forest Zone
	0.04
	0

	Deschutes River Valley
	22.53
	0

	Cold Basins
	2.11
	0

	Pluvial Lake Basins
	7.45
	0

	High Lava Plains
	4.98
	0



B.4.a.  Selective change in natural processes or selective impacts
This population is functionally extirpated and is therefore not rated.
Spatial Structure and Diversity Summary
The Crooked River summer steelhead population is not rated for spatial structure and diversity since it is considered to be functionally extirpated.
Overall Viability Rating
The Crooked River summer steelhead population does not have an overall viability rating since it is considered to be functionally extirpated.
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[bookmark: _Toc201478214]Current Status Summary – John Day River MPG
[image: johndaympg-ver3]The John Day River MPG includes five populations (Figure 3.2–1).  All populations in this group are classified as summer run and have the Blue Mountains as the dominant ecoregion.  The Lower Mainstem John Day River population was ranked as very large in size and complexity based on intrinsic habitat potential and the North Fork John Day was classified as large.  Two of the remaining populations were classified as intermediate (Middle Fork John Day and Upper Mainstem John Day) and one as basic (South Fork John Day).  Four of the populations have median spawning elevation (intrinsic potential) of approximately 1000m.  The remaining population, the Lower Mainstem, has a median spawning elevation of approximately 700m.  Figure 3.2– 1.  Steelhead populations in the John Day River major population group (MPG).  See Table 3–1 for list of Map Population Codes.

The John Day River MPG does not currently meet the ICTRT criteria for MPG viability.  Current status ratings for each population in the MPG are described in the following section and are summarized in Table 3.2–1 and Figure 3.2–2.  For this MPG, the criteria require that a minimum of three populations meet or exceed population level viability criteria, with the remaining extant populations rated at the maintained or lower risk levels.  Because of their relatively large size based on the intrinsic potential analysis, both the North Fork and the Lower Mainstem populations should be at least at low risk of extinction.  



Table 3.2– 1.  Viability assessments for Mid-Columbia DPS steelhead populations in the John Day 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
	

	Lower Main. John Day
	Extant
	1,800
	2250
	2.99
	1.19
	Moderate
	Very Low
	Moderate
	Moderate
	Maintained

	North Fork John Day
	Extant
	1,740
	1500
	2.41
	1.26
	Very Low
	Very Low
	Low
	Low
	Highly Viable

	Middle Fork John Day
	Extant
	756
	1000
	2.45
	1.35
	Moderate
	Low
	Moderate
	Moderate
	Maintained

	South Fork John Day
	Extant
	259
	500
	2.06
	1.56
	Moderate
	Very Low
	Moderate
	Moderate
	Maintained

	Upper Main. John Day
	Extant
	524
	1000
	2.14
	1.35
	Moderate
	Very Low
	Moderate
	Moderate
	Maintained



To achieve viable status in the John Day River MPG, the Lower Mainstem John Day River, North Fork John Day River, and either the Middle Fork John Day River or Upper Mainstem John Day River populations must be rated as viable populations.  The North Fork population is currently rated as highly viable; however all of the other John Day River populations are rated as maintained (Figure 3.2–2).



	

	
	Spatial Structure/Diversity Risk

	
	
	Very Low
	Low
	Moderate
	High

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

	
	Low
 (1-5%)
	V
	V
	V
	M

	
	Moderate
(6 – 25%)
	M
	M

	M
Lower Mainstem 
Middle Fork
South Fork
Upper Mainstem
	HR

	
	High
 (>25%)
	HR
	HR
	HR
	
HR




Figure 3.2– 2.  John Day River steelhead MPG population risk ratings integrated across the four viable salmonid population (VSP) metrics.  Viability Key: HV – Highly Viable; V – Viable; M – Maintained; HR – at High Risk (does not meet viability criteria).
The current abundance and productivity (A/P) ratings for populations within the John Day MPG are summarized in Table 3.2–1.  The North Fork John Day population is rated at very low risk for A/P; the other populations in this MPG are each rated at moderate A/P risk.  The current intrinsic productivity estimates for all four moderate A/P risk populations exceed the minimum levels.  The abundance estimate for the Middle Fork population is approximately 25% below the minimum level required for an intermediate population.  Current abundance estimates for the Upper Mainstem and South Fork populations are approximately 50% of their minimum abundance thresholds. 
The ICTRT metric for current population abundance is the most recent 10-year geometric mean of natural-origin spawner estimates (Table 3.2-1).  Spawner abundance data series for John Day steelhead populations have been based on expansions from redd counts carried out since the late 1960s.  The trends in running 10-year geometric mean abundance estimates for John Day populations generally reflect relatively high returns in the late 1960s and the mid-1980s (Figure 3.2-3).  Patterns in recent years differ somewhat among the populations.  Trends for the North Fork and Lower Mainstem John Day populations dip down in the mid-1990s then trend upwards, reflecting the influence of relatively high returns from 2001-2003.  These high returns resulted from high productivity for the low spawner abundance years in the mid-1990s.  Returns in 2004 and 2005 for both of these populations were relatively low.  The patterns in returns over the series for the Middle Fork, South Fork and Upper Mainstem populations reflect the same periods of relatively high returns in the 1960s and mid-1980s.  The running geometric mean abundance estimates since 2000 have been relatively flat, below the corresponding minimum abundance thresholds for each population. 
The population level spatial structure and diversity (SS/D) criteria ratings are summarized across the John Day MPG in Table 3.2–2.  All five populations in this group exhibit spawning use across the historical range of tributary habitats and are rated at low or very low risk for each of the spatial structure metrics.  The North Fork John Day population is rated at low risk cumulatively across the population diversity criteria.  The remaining four populations are rated at moderate risk for diversity.  The Lower Mainstem and Upper Mainstem populations are rated at moderate risk for life history diversity due to limitations and reductions in particular juvenile rearing time/area pathways inferred from current temperature and flow conditions in the tributaries, the mainstem John Day River and the mainstem Columbia River.  In addition, the Lower Mainstem John Day River population was rated at moderate risk for genetic diversity; sport fishery and spawning ground sampling information indicates that a relatively high proportion of out-of-basin hatchery fish may be contributing to spawning but no direct genetic sampling data are available.  The Middle Fork and South Fork populations are rated at moderate risk after averaging across the diversity criteria.  Although both of these populations are rated at low risk for the subset of diversity criteria that are direct measures, the criteria for spawner composition was rated at high risk due to chronic straying of out-of-basin hatchery fish into spawning areas.  The potential influence of out-of-basin hatchery strays is a concern across the populations in this MPG.  
Table 3.2– 2.  Summary of spatial structure and diversity metric level criteria ratings for John Day MPG steelhead populations.  VL - very low risk; L - low risk; M - moderate risk; H - high risk.
	
Population
	Spatial Processes
	Diversity

	
	Structure
	Range
	Gaps
	Life History Patterns
	Phenotypic
Traits
	Genetics
	Spawner Composition
	Ecoregion Distribution 
	Selectivity

	Lower Main. John Day
	VL
	VL
	VL
	M
	L
	M
	H (a.1)
	L
	L

	North Fork John Day  
	VL
	VL
	VL
	VL
	VL
	L
	H (a.1)
	VL
	L

	Middle Fork John Day
	L
	VL
	L
	L
	L
	L
	H (a.1)
	L
	L

	South Fork John Day
	L
	VL
	VL
	L
	L
	L
	H (a.1)
	L
	L

	Upper Main. John Day
	VL
	VL
	VL
	M
	L
	L
	H (a.1)
	L
	L


 (a.1):  Due to influence of naturally spawning hatchery-origin fish from out of the DPS.

[image: ]
Figure 3.2– 3.  John Day River MPG summer steelhead population-level spawner abundance (annual total, annual natural-origin and 10-year geometric mean natural-origin).  Note different Y-axis scale for top two graphs (Lower Mainstem and North Fork John Day River populations).
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 Current Status Assessment – Lower Mainstem John Day River Summer Steelhead Population 
[image: JDLMTsteelhead-msa-landscape]The Lower Mainstem John Day River summer steelhead population (Figure 3.2.1–1) is one of five populations in the John Day River MPG within the Mid-Columbia steelhead DPS.  All five populations in the John Day River MPG are summer run.
Figure 3.2.1– 1.  Lower Mainstem John Day River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Lower Mainstem John Day River population as “very large” in size and complexity (Table 3.2.1–1) based on historical habitat potential (ICTRT 2007).  A steelhead population classified as very large has a minimum abundance threshold criteria of 2,250 natural-origin spawners with sufficient intrinsic productivity (≥ 1.19 recruits per spawner at the threshold abundance level) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Lower Mainstem 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 1.41 recruits per spawner at the minimum abundance threshold
Table 3.2.1– 1.  Lower Mainstem John Day River summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	9,857

	Stream lengths km (total) a
	2,455

	Stream lengths km (below natural barriers) a
	2,411

	Branched stream area weighted by intrinsic potential (km2)
	6.778

	Branched stream area km2 (weighted and temp. limited) b
	5.065

	Total stream area weighted by intrinsic potential (km2)
	11.754

	Total stream area weighted by intrinsic potential (km2) temp limited b
	6.433

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

	Number of major spawning areas (MaSAs)
	11

	Number of minor spawning areas (MiSAs)
	19


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 (1965-2005) total abundance (number of adult spawners in natural production areas) for this population has ranged from 111 in 1979 to 10,557 in 1987 (Figure 2).  Abundance estimates are based on expanded redd counts.  Index surveys of steelhead redds from the Oregon Department of Fish and Wildlife (ODFW), John Day District, were used for the historical dataset.  We used index surveys that showed relatively consistent visitation through all years.  Survey data from Bear, Kahler, Parrish, Pine, and Thirtymile Creeks were used in the analyses.  The current spawning distribution was used for the miles of available habitat within each population’s range.  The index redd densities were then multiplied by a correction factor to estimate the annual redd densities for the entire spawning distribution, based on the ratio of index redd densities to redd densities in 2004-2005 derived from the Environmental Monitoring and Assessment Program (EMAP); the ratio was consistent for these years (0.36, 0.35).  The estimated redd density for the entire spawning area (0.355 x index density) was multiplied by the total miles of spawning habitat currently utilized.  Total annual redds were converted to fish by multiplying the total annual number of redds by the number of fish per redd.  Fish per redd ratios were developed from survey data on Deer Creek in the Grande Ronde River basin and are an average from four years of data from complete and repeated redd surveys (censuses) above a weir where we have a complete fish count; the calculated average fish per redd estimate was 2.1.
The hatchery-origin/natural-origin composition of spawners was computed separately for the Lower Mainstem John Day River and combined for all other populations in the MPG.  Data included observations of positively identified fin-clipped spawners (1992-present) from spawning surveys.  Evidence from the Deschutes River indicates that hatchery straying was substantially lower before 1992; because the source of strays in the John Day River basin is the same as the Deschutes River, we assumed a similar trend.  No other data are available for earlier years so the hatchery fraction was set at zero.  Age composition was derived from scale readings of creel sampled unmarked fish collected during the 1980s above Tumwater Falls.  
Recent natural spawners include returns originating from naturally spawning parents and a small fraction of strays from Snake and Columbia River hatchery programs.  Spawners originating from naturally spawning parents have comprised an average of 92% of the spawners since hatchery strays began being documented in 1992.  Since that time, the percentage of natural spawners has ranged from 82%-99%.
Abundance in recent years has been highly variable.  The 10-year (1996-2005) geometric mean abundance of natural-origin spawners was 1,800 (Table 3.2.1–2).  During the period 1975-1997, recruits per [image: Spawner abundance etimates for this population from 1965 to 2005.  Abundance estimates have been widely varied, reaching over 10,000 spawners in 1987 and less than 1000 in 2005.]spawner (R/S, in terms of spawner to spawner) for steelhead in the Lower Mainstem population ranged from 0.14 in 1987 to 17.5 in 1979.  The annual R/S estimates were adjusted to reflect the average smolt-to-adult return rate (SAR).  The 19-year (1980-1998) geometric mean productivity was 2.99 R/S, adjusted for SAR and delimited at 75% (1,688 spawners) of the abundance threshold.Figure 3.2.1– 2.  Lower Mainstem John Day River summer steelhead population spawner abundance estimates (1965-2005).

Table 3.2.1– 2.  Lower Mainstem John Day River summer steelhead population abundance and productivity estimates.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	1,800
	(563-6,257)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.90
	(0.82-1.00)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (19-year R/S, SAR adjusted & delimited) a
	2.99
	(1.91-4.67)
	0.24

	Productivity (19-year Beverton-Holt fit, SAR adjusted) 
	n/a
	
	n/a

	Trend Statistics (1980-2005)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	0.98
	(0.94-1.14)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	1.00
	(0.71-1.41)
	0.50

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	1.01
	(0.71-1.43)
	0.53


a. Delimited productivity excludes any recruit/spawner pair where the spawner number >75% of the population’s minimum abundance threshold.  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: ]The Lower Mainstem John Day River population is at Moderate Risk based on current abundance and productivity.  The productivity is at very low risk because the point estimate is above very low risk and the lower end of the adjusted standard error is above the 5% risk level.  The abundance is at moderate risk because it resides between the 5% and 25% risk levels (Figure 3.2.1–3).Figure 3.2.1– 3.  Lower Mainstem John Day River summer steelhead population current abundance/productivity (A/P) compared to the DPS viability curve.  Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A/P.

The average trend in natural-origin spawner abundance over the most recent 20 years has been just below 1.0; the population growth rate metric (λ), calculated with relative hatchery effectiveness set to 1.0, was 1.00 for the same period (Table 3.2.1–2).  The pattern in returns from 1991 through 2005 is similar to the pattern for several other Mid-Columbia DPS steelhead populations, including the Deschutes River Eastside—an increasing trend beginning in 1996 followed by an abrupt decrease to levels observed in the early 1990s.  The estimated proportion of hatchery-origin spawners has averaged approximately 10% for the period.  The relative effectiveness of hatchery-origin spawners in contributing to natural production in this population is not known.  Setting the value to 0.0, the opposite extreme from 1.0, results in an estimated annual growth rate of 1.01 (0.53 probability of exceeding 1.0).


Spatial Structure and Diversity 
[image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  The Thirtymile has the greatest proportion of the major spawning areas at 12%.  ]The ICTRT has identified 11 major spawning areas (MaSAs) and 19 minor spawning areas (MiSAs) within the Lower Mainstem John Day River population (Figure 3.2.1–4).  Spawning is distributed broadly across the landscape in numerous watersheds that flow into the lower mainstem of the John Day River.  Moderately large drainages such as Rock, Thirtymile, Bridge, Service, Mountain and Butte Creeks comprise a substantial proportion of the production area.  In addition, multiple smaller drainages support production.  Spawners within the Lower Mainstem population are predominantly natural-origin; however, outside-DPS hatchery fish, primarily from Snake River stocks, are present in significant proportions in some years.Figure 3.2.1– 4.  Lower Mainstem John Day River summer steelhead population distribution of intrinsic potential habitat across major and minor spawning areas.  White bars represent the area that could potentially have had historical temperature limitations.


Factors and Metrics
A.1.a.  Number and spatial arrangement of spawning areas
The Lower Mainstem population has 11 MaSAs and 19 MiSAs distributed in a very complex dendritic pattern.  Intrinsic potential is distributed relatively evenly across the 11 MaSAs.  Based on the ODFW spawner distribution database all 11 of the MaSAs are currently occupied (except for the upper portion of the Cottonwood MaSA) and 11 of the 19 MiSAs are occupied (Figure 3.2.1–5).  A total of 1,197 km of habitat is presently used for spawning.  The Lower Mainstem population rates at very low risk for this metric.
A.l.b.  Spatial extent or range of population
The current spawner distribution closely resembles the intrinsic potential distribution.  All of the MaSAs are currently occupied except the upper portion of Cottonwood, and 11 of the 19 MiSAs are also occupied.  The unoccupied MiSAs are scattered throughout the population, and, therefore, do not result in a change in extent and range of distribution.  The rating is very low risk.  There are six index spawning survey sites in the Lower Mainstem population. Figure 3.2.1– 5.  Current spawning distribution and spawning area occupancy designations of the Lower Mainstem John Day River summer steelhead population.

[image: JDLMTsteelhead-use-landscape] 
A.1.c.  Increase or decrease in gaps or continuities between spawning aggregates
There has not been any significant increase in gaps relative to historic intrinsic distribution.  Although 8 of the 19 MiSAs are not currently occupied, the remaining occupied spawning areas (11 MaSAs and 11 MiSAs) provide good continuity between spawning areas throughout the population as well as relatively unchanged gaps.  The Lower Mainstem population rating is very low risk for this metric.
B.1.a.  Major life history strategies
The Lower Mainstem population is an A-run population that migrates to the ocean at multiple ages and returns after spending one or two years in the ocean (based on ages of natural-origin angler caught fish).  These life history patterns are consistent with other A-run steelhead.  There are limited data available to evaluate changes in life history patterns for this population; thus, they must be inferred based on habitat changes.  This population is very large and inhabits a broad geographic area with habitat quality ranging from good to poor.  Although current habitat conditions provide opportunity for expression of diverse life history strategies, habitat changes (particularly temperature) have likely reduced movement patterns and summer rearing distribution.  This population rates at moderate risk for this metric because of the loss of tributary habitat rearing due to flow and temperature.
B.1.b.  Phenotypic variation
There are no data to directly assess if any phenotypic traits have been substantially changed or lost, thus, they must be inferred from habitat data.  We hypothesize that there has been some reduction in variability of traits, such as adult entry and migration timing through the Columbia and John Day rivers, as well as juvenile migration timing.  Although the distribution of these types of traits has likely been altered, the magnitude has likely not been substantial.  Habitat conditions and absence of significant major phenotypic selective pressures indicate this population is at low risk.
B.1.c.  Genetic variation
There are limited genetic data for John Day River populations, and no samples have been analyzed for the Lower Mainstem population.  The major concern regarding genetic variation within the Lower Mainstem population relates to the spawner composition and potential genetic effects of out-of-DPS hatchery strays.  There are no past population bottlenecks or intentional hatchery practices that would influence genetic variation.  Due to the high proportion of hatchery strays and the lack of genetic data for this population, we have rated this metric as moderate risk.  Samples were collected in 2005 and 2006 to provide an assessment of the genetic characteristics of the Lower Mainstem population.  These data will allow for a more informed assessment of the genetic variation in the future.
B.2.a.  Spawner composition
(1) Out-of-DPS spawners:  Based on coded wire tags (CWTs) recovered primarily from recreational fisheries, the proportion of out-of-DPS hatchery spawners in the Lower Mainstem John Day River population has ranged from 0.1 in the early 1990s to 0.18 in 2004, with a mean of 0.07.  The trend from the early 1990s to 2005 has shown a consistent increase in hatchery proportion through time.  The hatchery fish originate primarily from the Snake River Basin.  Due to the combined effects of the high hatchery fraction, the increasing trend through time, and the origin of the strays, this population rates at high risk for this metric. 
(2) Out-of-MPG spawners from within the DPS:  There have been a total of four CWTs recovered from fish in the John Day River from out-of-MPG within-DPS origin.  Three originated from the Umatilla Hatchery program and one from the Deschutes Hatchery program.  It appears very few within-DPS hatchery fish stray into the John Day River, thus the rating is low risk for this metric.
(3) Out-of-population spawners from within the MPG:  There are no steelhead hatchery programs operated within the John Day River basin; therefore, this metric is rated as very low risk.
(4) Within-population hatchery spawners:  There are no steelhead hatchery programs operated within the John Day River basin; therefore, this metric is rated as very low risk.
The overall spawner composition rating is high risk due to the high proportion of out-of-DPS strays that potentially spawn in this population.
B.3.a.  Distribution of population across habitat types
The intrinsic potential distribution of the Lower Mainstem John Day River population encompassed seven ecoregions (Figure 3.2.1–6), although only two had values greater than 10%.  There has been little change in distribution among ecoregions and no substantial reductions.  All ecoregions that had significant use historically remain in use currently (Table 3.2.1–3).  The rating is low risk for this metric.

[image: JDLMTsteelhead-eco-landscape]
Figure 3.2.1– 6.  Lower Mainstem John Day River summer steelhead population spawning distribution across EPA level IV ecoregions.

Table 3.2.1– 3.  Proportion of current spawning areas across EPA level IV ecoregions of the Lower Mainstem John Day River summer steelhead population.
	Ecoregion
	% of historical spawning area (non-temp. limited)
	% of currently occupied spawning area (non-temp. limited)

	Deschutes/John Day Canyons
	32.0
	35.4

	John Day Clarno Highlands
	5.2
	7.9

	John Day Clarno Uplands
	46.6
	42.7

	Mesic Forest Zone
	0.2
	0.4

	Pleistocene Lake Basins
	6.1
	0.1

	Umatilla Dissected Uplands
	2.7
	4.7

	Umatilla Plateau
	7.2
	8.9



B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population passes three dams on the lower 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 create 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 does not develop in some years, and the degree of differential survival is likely low although not well-understood, we rate the selection intensity as low.  Heritability of this trait is high; thus, the hydropower rating for this trait is moderate risk.  
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 slightly more than 2% of the total population.  There may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts would be negligible.  There is very limited tribal harvest of natural-origin fish within the John Day River subbasin.  Impacts from the recreational fishery are incidental to the harvest of hatchery-origin fish and are not selective.  No phenotypic traits appear to be at risk as a result of this activity.  The harvest rating is low risk for all traits.
Hatcheries:  There are no steelhead hatchery programs operated within the population; therefore, the hatchery rating is very low risk for all traits.
Habitat:  Altered flow and increased temperatures in spawning, rearing, and the mainstem migration corridor, which have been in place for many generations and are ongoing, likely impose some selection on juvenile and adult migration timing.
Adult migration timing:  Low flows in the late summer and early fall in the John Day River likely expose adults that enter the river early to above normal mortality rates.  Adult migration timing is highly heritable, but a negligible proportion of the population is likely subject to these effects.  Thus, the impact of habitat changes on this trait is low risk. 
Juvenile migration timing:  Late spring and early summer temperatures are elevated relative to historical conditions.  There has likely been some affect on juvenile migration timing as late spring and early summer river temperatures can reach stressful levels in some years in the John Day River mainstem.  Selection intensity is considered negligible and the heritability of this trait is moderate to low.  The impact of habitat changes on this trait is low risk.
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 during tern nesting season in May.  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 selective factor is low risk.
There is only one trait that has a moderate rating for one selective activity.  Therefore, the overall selectivity rating for this population is low risk.


Spatial Structure and Diversity Summary
The integrated spatial structure/diversity rating is Moderate Risk for the Lower Mainstem John Day River population (Table 3.2.1–4).  The rating for Goal A (allowing natural rates and level of spatially mediated processes) was very low risk.  The current spawner distribution is similar to historic with all MaSAs occupied.  The MiSAs that are currently unoccupied have little influence on gaps and continuity, and spawners are spread over a very broad geographic area.
The rating for Goal B (maintaining natural levels of variation) was moderate risk.  This rating was a result of moderate risk for life history and genetic variation and high risk for spawner composition out-of-DPS hatchery strays.  The magnitude and trend in out-of-DPS hatchery strays are of significant concern.  Analysis of genetic information will yield considerable insight into the genetic characteristics of this population.  The extent of hatchery introgression will be useful information for future spatial structure/diversity risk assessments.
Table 3.2.1– 4.  Spatial structure and diversity risk rating of the Lower Mainstem John Day River summer steelhead population.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

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

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

	A.1.c
	VL (2)
	VL (2)
	
	
	

	B.1.a
	M (0)
	M (0)
	Moderate (0)
	Moderate Risk (0)
	

	B.1.b
	L (1)
	L (1)
	
	
	

	B.1.c
	M (0)
	M (0)
	
	
	

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

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

	B.2.a(3)
	VL (2)
	
	
	
	

	B.2.a(4)
	VL (2)
	
	
	
	

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

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






Overall Viability Rating
The Lower Mainstem John Day River summer steelhead population does not meet viability criteria.  However, the population does meet criteria to be rated as MAINTAINED (Figure 3.2.1–7).  Overall abundance and productivity is rated at Moderate Risk.  The 10-year geometric mean abundance of natural-origin spawners is 1,800, which is 80% of the minimum abundance threshold of 2,250.  The 19-year geometric mean productivity (2.99 R/S; Table 3.2.1–6) exceeds the minimum required productivity of 1.19 R/S at the abundance threshold.  Overall spatial structure and diversity is also rated at Moderate Risk.  To achieve a viable rating, this population must improve in both abundance/productivity and spatial structure/diversity.  Out-of-DPS spawners are the most influential factor on diversity risk.  Additional data are needed to better quantify spawner composition to reduce the uncertainty associated with this risk metric.
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Figure 3.2.1– 7.  Lower Mainstem John Day 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 – Lower Mainstem John Day River
Data type: Redd count expansion - Index area redd counts expanded to total population estimate by applying ratio of average redd densities (samples across all areas to samples from index reaches) from EMAP surveys.  Assumed 2.1 fish per redd. 
Smolt-to-Adult Return rate (SAR): Mid-Columbia composite series (see Methods). 

Table 3.2.1– 5.  Abundance and productivity data used for curve fits and R/S analysis of the Lower Mainstem John Day River summer steelhead population.  Bold values used in estimating the current productivity (Table 3.2.1–6).
[image: ]
Table 3.2.1– 6.  Lower Mainstem John Day River summer steelhead population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
[image: ]

Table 3.2.1– 7.  Stock-recruitment curve fit parameter estimates for the Lower Mainstem John Day River summer steelhead population.  Biologically unrealistic or highly uncertain values are highlighted in grey.
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Figure 3.2.1– 8.  Lower Mainstem John Day River summer steelhead 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 3.2.1– 9.  Lower Mainstem John Day River summer steelhead 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 3.2.1–2) and fitting a capacity estimate to the data series.

[bookmark: _Toc201478216]  Current Status Assessment – North Fork John Day River Summer Steelhead Population
The North Fork John Day River summer steelhead population (Figure 3.2.2–1) is one of five populations in the John Day River MPG within the Mid-Columbia steelhead DPS.  All five populations in this MPG are summer run.

Figure 3.2.2–1.  North Fork John Day River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the North Fork population as “large” in size and complexity (Table 3.2.2–1) based on historical habitat potential (ICTRT 2007).  A steelhead population classified as large 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.  In order for the North Fork John Day 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 1.53 recruits per spawner at the minimum abundance threshold.
Table 3.2.2– 1.  North Fork John Day River summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	4,788

	Stream lengths km (total) a
	1,823

	Stream lengths km (below natural barriers) a
	1,678

	Branched stream area weighted by intrinsic potential (km2)
	5.221

	Branched stream area km2 (weighted and temp. limited) b
	4.917

	Total stream area weighted by intrinsic potential (km2)
	6.867

	Total stream area weighted by intrinsic potential (km2) temp limited b
	6.474

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

	Number of major spawning areas (MaSAs)
	8

	Number of minor spawning areas (MiSAs)
	7


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 (1965-2005) total spawner abundance (number of adult spawners in natural production areas) has ranged from 369 in 1990 to 10,235 in 1965 (Figure 2).  Abundance estimates are based on expanded redd counts.  Index surveys of steelhead redds from the Oregon Department of Fish and Wildlife (ODFW), John Day District, were used for the historical dataset.  We used index surveys that showed relatively consistent visitation through years.  Survey data from Beaver, Fox, North Fork Trail, Middle Fork Trail, Wall and Wilson Creeks were used in the analyses.  The current spawning distribution was used for the miles of available habitat within the population’s range.  The index redd densities were then multiplied by a correction factor based on the ratio of index densities to EMAP (Environmental Monitoring and Assessment Program) densities for 2004-2005; this ratio was consistent for these years (0.36, 0.35).  The estimated redd density for the entire spawning area (0.355 x index density) was multiplied by the total miles of currently utilized spawning habitat.  Total annual redds were converted to fish by multiplying the total annual number of redds by the number of fish per redd.  Fish/redd ratios were developed from survey data on Deer Creek in the Grande Ronde River basin.  The ratio is an average from four years of data of complete and repeated surveys (censuses) of redds above a weir where we have a complete count; the calculated average fish per redd estimate was 2.1.
The hatchery-origin/natural-origin composition of spawners were computed separately for the Lower Mainstem John Day River population and combined for all other populations in the MPG.  Data used to represent the North Fork population included observations of positively identified fin-clipped spawners (1992-present) from spawning survey observations in the four populations above the Lower Mainstem, and observations from rotary screw trap and seine collections of adults (2000-present).  There is evidence from the Deschutes River that hatchery straying was substantially lower before 1992, and since the source of strays in the John Day River basin is the same as the Deschutes River, we are assuming a similar trend.  No other data are available for earlier years so the hatchery fraction was set at zero.  Age composition was derived from scale readings of creel sampled unmarked fish collected during the 1980s above Tumwater Falls.  
Recent year natural spawners include returns originating from naturally spawning parents, and a small fraction of strays from the Snake and Columbia River hatchery programs.  Since documentation of hatchery strays began in 1992, spawners originating from naturally spawning parents have comprised an average of 93% of the spawners, ranging from 87-99%.
[image: Spawner abundance etimates for this population from 1960 to 2003.  Abundance estimates have fluxuated around 2000 spawners since the mid 1970s.]Abundance in recent years has been moderately variable.  The 10-year (1996-2005) geometric mean abundance of natural-origin spawners was 1,740 (1,898 total spawners; Table 3.2.2–2).  During the period 1979-1998, recruits per spawner (R/S, in terms of spawner to spawner) for steelhead in the North Fork John Day River ranged from 0.10 in 1985 to 3.07 in 1991.  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 2.41 R/S, adjusted for SAR and delimited at 75% (1,125 spawners) of the abundance threshold (Table 3.2.2–2).Figure 3.2.2– 2.  North Fork John Day River summer steelhead population spawner abundance estimates (1966-2005).

Table 3.2.2– 2.  North Fork John Day River summer steelhead population abundance/productivity estimates.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	1740
	(369-10,235)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.93
	(0.87-1.00)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (20-year R/S, SAR adjusted & delimited) a
	2.41
	(1.31-4.42)
	0.22

	Productivity (20-year Beverton-Holt fit, SAR adjusted) 
	n/a
	
	n/a

	Trend Statistics (1980-2005)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	0.99
	(0.95-1.16)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	1.00
	(0.79-1.25)
	0.48

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	1.00
	(0.80-1.26)
	0.51


a. Delimited productivity excludes any recruit/spawner pair where spawner number >75% of population’s minimum abundance threshold.  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: ]The North Fork John Day River population is at Very Low Risk based on current abundance and productivity.  The point estimate for abundance and productivity is above the 1% risk curve (Figure 3.2.2–3) and the lower end of the 98% confidence interval (CI) for productivity is above the 25% risk curve.
The abundance of natural-origin spawners in the North Fork population has fluctuated substantially over the recent 20-year period.  The average trend in natural-origin spawner abundance has been 0.99; the population growth rate metric (calculated with relative hatchery effectiveness set to 1.0) was 1.00 for the same period (Table 3.2.2–2).  The pattern in returns from 1991 through 2005 is similar to the pattern for several other Mid-Columbia DPS steelhead populations, including the Deschutes River Eastside—an increasing trend beginning in 1996 followed by an abrupt decrease to levels observed in the early 1990s.  The estimated proportion of spawners of hatchery-origin has averaged approximately 7% for the period.  The relative effectiveness of hatchery-origin spawners in contributing to natural production in this population is not known.  Setting the value to 0.0 did not change the point estimate of the average population growth rate for the period, although the probability of exceeding 1.0 increased slightly from 0.48 to 0.51.Figure 3.2.2– 3.  North Fork John Day River summer steelhead population current abundance and productivity (A/P) compared to DPS viability curve.  Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A, 98% CI for P (if point estimate >1% risk curve, the uncertainty test is <1% probability the combined A/P is at high risk).

Spatial Structure and Diversity 
The ICTRT has identified eight major spawning areas (MaSAs) and seven minor spawning areas (MiSAs) within the North Fork John Day River steelhead population (Figure 3.2.2–4).  Spawning is distributed broadly throughout the population boundaries including many tributaries and mainstem areas of Cottonwood, Camas, Desolation, and Granite creeks and the upper North Fork John Day River.  Spawners in the North Fork John Day River are primarily natural-origin fish; however, outside-DPS hatchery fish, primarily from Snake River stocks, are present in the North Fork population.
[image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  The Lower North Fork John Day has the greatest proportion of 8 major spawning areas at 23% (approximately 6% temperature limited).  ]
Figure 3.2.2– 4.  North Fork John Day River summer steelhead population distribution of intrinsic potential habitat across major (MaSAs) and minor spawning areas (MiSAs).  White bars represent areas that could potentially have had historical temperature limitations.
Factors and Metrics
A.1.a.  Number and spatial arrangement of spawning areas
The North Fork John Day River population has eight MaSAs and seven MiSAs which are distributed in a complex dendritic pattern.  Based on the ODFW spawner distribution database, all eight MaSAs and seven MiSAs are currently occupied and a total of 1,194 km are presently used for spawning (Figure 3.2.2–5).  The North Fork population rates at very low risk for this metric because it has more than four MaSAs occupied in a dendritic configuration.
A.l.b.  Spatial extent or range of population
The current spawner distribution mirrors the historical distribution represented by the intrinsic potential analyses.  All MaSAs and MiSAs are currently occupied (Figure 3.2.2–5).  The current spatial extent and range criteria rating for the North Fork population is very low risk.  Index area spawning surveys are conducted in six spawning tributaries in the North Fork population.
 [image: ]
Figure 3.2.2– 5.  North Fork John Day River summer steelhead population current spawning distribution and spawning area occupancy designations.

A.1.c.  Increase or decrease in gaps or continuities between spawning aggregates
There have been no significant increases in gaps between spawning areas.  Connectivity between historic spawning areas has remained relatively unchanged.  The North Fork population rates at very low risk for gaps.
B.1.a.  Major life history strategies
There are limited data for evaluating specific life history patterns of North Fork John Day River steelhead, and therefore we use habitat information to infer changes in life history strategies.  A significant proportion of the North Fork population resides in wilderness area with habitat conditions that are relatively unaltered.  Habitat conditions throughout the population do theoretically provide the opportunity for expression of all historic life history strategies.  The North Fork John Day River population is an A-run population with ocean migration occurring predominantly at age 2 and age 3, and adults returning after one or two years in the ocean.  These life history patterns are consistent with what we observe for most A-run populations.  We have no evidence of loss of major life history strategies, thus the rating is very low risk for this metric.
B.1.b.  Phenotypic variation
Data were not available to evaluate if any phenotypic traits have been lost.  We used habitat information to infer potential changes in phenotypic traits.  Relatively unaltered habitat conditions across a significant proportion of the population results in the absence of significant phenotypic selective pressures, thus the population is at very low risk for loss of phenotypic traits.
B.1.c.  Genetic variation
There are limited genetic data for John Day River steelhead populations, with only one sample from the North Fork population.  The populations within the John Day MPG are not well differentiated from one another.  There is no biological basis to explain why the samples did not show normal differentiation.  There are no past events, such as severe population bottlenecks or hatchery outplanting that would explain these results.  There are out-of-DPS strays in the John Day River basin but the degree of introgression is unknown, and the past genetic samples, which were collected in the 1980s, were taken at a time when stray proportions were likely lower than in recent years.  We have assigned a rating of low risk for this metric.  This rating is driven by the balance between apparent similarity within and between populations and the relative degree of differentiation.  Samples were collected in 2005 that will better inform the risk assessment for genetic variation in the future. 
B.2.a.  Spawner composition
(1) Out-of-DPS spawners:  Available data were inadequate to estimate the out-of-DPS hatchery fraction specifically for the North Fork population.  The estimates derived were based on data from a composite of the four populations (South Fork, Middle Fork, Upper John Day, and North Fork) in the John Day River MPG that are above the Lower Mainstem population.  These estimates were calculated from observations from spawning surveys and kelt collections seined from the mainstem.  Since 1992, the estimated hatchery fraction ranged from 0.01-0.13.  The mean hatchery fraction was 0.067.  Based on coded wire tags (CWTs) recovered primarily from recreational fisheries, the majority of stray hatchery fish originate from Snake River hatcheries.  Given that the hatchery fraction of out-of-DPS strays is estimated to be greater than 0.05 for two or more generations, the rating is high risk for this metric.
(2) Out-of-MPG spawners from within the DPS:  There have been four fish with CWTs recovered in the John Day River from out-of-MPG within-DPS origin.  Three originated from the Umatilla Hatchery program and one from the Deschutes.  It appears very few within-DPS hatchery fish stray into the John Day River, thus the rating is low risk for this metric.
(3) Out-of-population spawners from within the MPG:  There are no steelhead hatchery programs operated within the John Day River basin, therefore this metric is rated very low risk.
(4) Within-population hatchery spawners:  There are no steelhead hatchery programs operated within the John Day River basin, therefore this metric is rated as very low risk.
The overall rating for the spawner composition metric is high risk due to the high proportion of out-of-DPS strays that spawn naturally in this population.
B.3.a.  Distribution of population across habitat types
The intrinsic potential distribution of the North Fork John Day River summer steelhead population encompassed six ecoregions, with the John Day Clarno Highlands and Mesic Forest zone comprising slightly over 60% of the distribution (Table 3.2.2–3).  There are four ecoregions that comprise greater than 10% of the historic distribution.  There has been little change in ecoregion distribution between intrinsic and current distribution with all six ecoregions currently occupied at nearly identical proportions as the intrinsic distribution (Figure 3.2.2–6).  There have been no substantial reductions in any of the ecoregions.  The rating for this metric is very low risk.  

Figure 3.2.2– 6.  North Fork John Day River summer steelhead population spawning distribution across EPA level IV ecoregions.

Table 3.2.2– 3.  North Fork John Day 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)

	Cold Basins
	8.3
	10.4

	John Day Clarno Highlands
	27.0
	26.4

	John Day Clarno Uplands
	26.6
	16.9

	Maritime-Influenced Zone
	10.4
	11.9

	Melange 
	2.4
	3.3

	Mesic Forest Zone
	25.3
	31.2




B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population crosses three dams on the lower 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:  These 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 does not develop in some years, and the degree of differential survival is likely low and not well-understood, we rate the selection intensity as low.  Heritability of this trait is high, thus the hydropower rating for this trait is moderate risk.  
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 slightly more than 2% of the total population.  There may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is very limited tribal harvest of natural-origin fish within the John Day River subbasin; impacts from the recreational fishery are incidental to hatchery-origin fish harvest and are not selective.  No phenotypic traits appear to be at risk as a result of this activity.  The harvest rating is low risk for all traits.
Hatcheries:  There are no steelhead hatchery programs operated within the population; therefore, the hatchery rating is very low risk for all traits.
Habitat:  Little change in flow profile and temperature has occurred within the population boundaries.  However, some change has occurred in the mainstem John Day River which would affect the North Fork population.
Adult migration timing:  Low flows in the late summer and early fall in the John Day River likely expose adults that enter the river early to above normal mortality rates.  Adult migration timing is highly heritable, but a negligible proportion of the population is likely subject to these effects.  Thus, the impact of habitat changes on this trait is low.
Juvenile migration timing:  Late spring and early summer temperatures are elevated relative to historical conditions.  There has likely been some effect on juvenile migration timing as temperatures can reach stressful levels in the John Day River mainstem in late spring and early summer in some years.  Selection intensity is considered negligible and the heritability of this trait is moderate to low.  The rating for this trait is low risk.
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 during tern nesting season in May.  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 selective factor is low risk.
There is only one trait that has a moderate rating for one selective activity.  Therefore, the overall selectivity rating for this population is low risk.

Spatial Structure and Diversity Summary
The combined integrated spatial structure/diversity rating is Low Risk for the North Fork John Day River population (Table 3.2.2–4).  The rating for Goal A (allowing natural rates and level of spatially mediated processes) was very low risk.  The current spawner distribution mimics the intrinsic distribution.  The population is distributed broadly across the landscape in numerous MaSAs and MiSAs.  Good continuity exists between spawning areas and current gaps between spawning areas are similar to historic gaps.
The rating for Goal B (maintaining natural levels of variation) was low risk.  However, there remains considerable uncertainty about the ratings for genetic variation and out-of-DPS hatchery strays in the natural spawners.  Additional genetic analyses and interpretation is needed to determine the degree of genetic variation and differentiation, as well as to examine evidence for degree of stray hatchery fish introgression.  We rated the metric for out-of-DPS hatchery strays as very high.  The data used for this rating are a composite from four John Day River populations.  Additional population-specific spawner composition data are needed to improve the certainty of the out-of-DPS stray hatchery risk rating.  If there is significant hatchery introgression that is affecting the genetic variation through time then the risk rating for “genetic variation” will increase and the overall risk rating for Goal B and spatial structure/diversity will also increase.
Table 3.2.2– 4.  North Fork John Day 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)
	Very Low Risk
(Mean = 2)
	Very Low Risk
(Mean = 2)
	Low Risk

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

	A.1.c
	VL (2)
	VL (2)
	
	
	

	B.1.a
	VL (2)
	VL (2)
	Low Risk (1)
	Low Risk
(Mean = 0.75)
	

	B.1.b
	VL (2)
	VL (2)
	
	
	

	B.1.c
	L (1)
	L (1)
	
	
	

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

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

	B.2.a(3)
	VL (2)
	
	
	
	

	B.2.a(4)
	VL (2)
	
	
	
	

	B.3.a
	VL (2)
	VL (2)
	VL (2)
	
	

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




Overall Viability Rating
The North Fork John Day River summer steelhead population currently meets ICTRT viability criteria and is rated HIGHLY VIABLE (Figure 3.2.2–7).  Overall abundance and productivity is rated at Very Low Risk.  The 10-year geometric mean abundance of natural-origin spawners is 1,740, which exceeds the minimum abundance threshold of 1,500.  The 20-year geometric mean productivity (2.41 R/S; Table 3.2.2–6) is well above the 1.26 R/S required at the minimum abundance threshold.  Overall spatial structure and diversity is rated at Low Risk.  The ratings for genetic variation and out-of-DPS hatchery-origin spawner composition were the most influential on the overall spatial structure/diversity assessment.  There is considerable uncertainty regarding the genetic effect of out-of-DPS strays, as well as the actual proportion of natural spawners that are hatchery strays.  There are limited population-specific data to estimate the spawner composition in the North Fork population.  Enhanced monitoring efforts should be undertaken to develop better estimates of the composition of North Fork John Day River spawners.
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Figure 3.2.2– 7.  North Fork John Day 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 – North Fork John Day River
Data type: Redd count expansion - Index area redd counts expanded to total population estimate by applying ratio of average redd densities (samples across all areas to samples from index reaches) from EMAP surveys.  Assumed 2.1 fish per redd. 
Smolt-to-Adult Return rate (SAR): Mid-Columbia composite series (see Methods). 
Table 3.2.2– 5.  North Fork John Day River summer steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bold values were used in estimating the current productivity (Table 3.2.2–6).
[image: ]

Table 3.2.2– 6.  North Fork John Day River summer steelhead population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
[image: ]

Table 3.2.2– 7.  North Fork John Day River summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
[image: ]
[image: Plot shows natural returns (not adjusted for marine survival) versus total parent spawners.  Hockey Stick, Ricker, Beverton Holt and Random Walk fits are shown.]
















Figure 3.2.2– 8.  North Fork John Day River summer steelhead population stock recruitment curves.  Bold points were used in estimating the current productivity.  Data were not adjusted for marine survival.

[image: Plot shows natural returns (adjusted for marine survival) versus total parent spawners.  Hockey Stick, Ricker, Beverton Holt and Random Walk fits are shown.]

















Figure 3.2.2– 9.  North Fork John Day River summer steelhead 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 3.2.2–2) and fitting a capacity estimate to the data series.

[bookmark: _Toc201478217]  Current Status Assessment – Middle Fork John Day River Summer Steelhead Population
The Middle Fork John Day River summer steelhead population (Figure 3.2.3– 1) is one of five populations in the John Day River MPG within the Mid-Columbia steelhead DPS.  All five populations in this MPG are summer run.

Figure 3.2.3– 1.  Middle Fork John Day River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Middle Fork population as “intermediate” in size and complexity (Table 3.2.3–1) based on historical habitat potential (ICTRT 2007).  A steelhead population classified as intermediate has a mean minimum abundance threshold of 1,000 natural-origin spawners with a 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 Middle Fork 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 1.64 recruits per spawner at the minimum abundance threshold.
Table 3.2.3– 1.  Middle Fork John Day River summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	2,052

	Stream lengths km (total) a
	704

	Stream lengths km (below natural barriers) a
	690

	Branched stream area weighted by intrinsic potential (km2)
	2.592

	Branched stream area km2 (weighted and temp. limited) b
	2.592

	Total stream area weighted by intrinsic potential (km2)
	2.963

	Total stream area weighted by intrinsic potential (km2) temp limited b
	2.963

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

	Number of major spawning areas (MaSAs)
	2

	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 (1966-2005) total spawner abundance (number of adult spawners in natural production areas) has ranged from 337 in 2005 to 3,538 in 1979 (Figure 2).  Abundance estimates are based on expanded redd counts.  Index surveys of steelhead redds from the Oregon Department of Fish and Wildlife (ODFW), John Day District, were used for the historical dataset.  We used index surveys that showed relatively consistent visitation through years (Beaver, Camp, Deep, and Lick Creeks).  The current spawning distribution was used for the miles of available habitat within each population’s range.  The index redd densities were then multiplied by a correction factor based on the ratio of index densities to EMAP (Environmental Monitoring and Assessment Program) densities for 2004-2005; the ratio was consistent for these years (0.36, 0.35).  The estimated redd density for the entire spawning area (0.355 x index density) was multiplied by the total miles of currently utilized spawning habitat.  Total annual redds were converted to fish by multiplying the total annual number of redds by the number of fish per redd.  Fish/redd ratios were developed from four years of data of complete and repeated surveys (censuses) on Deer Creek in the Grande Ronde River basin of redds above a weir where we have a complete count.  The average fish per redd estimate from Deer Creek was 2.1.
The hatchery-origin/natural-origin composition of spawners were computed separately for the Lower Mainstem John Day River population, and combined for all other populations in the MPG.  Data used to represent the Middle Fork population included observations of positively identified adipose fin-clipped spawners (1992-present) from spawning survey observations in the four populations above the Lower Mainstem population, and observations from rotary screw trap and seine collections of adults (2000-present).  There is evidence from the Deschutes River that hatchery straying was substantially lower before 1992, and because the source of strays in the John Day River subbasin is the same as the Deschutes River, we are assuming a similar trend.  No other data are available for earlier years so the hatchery fraction was set at zero.  Age composition was derived from scale readings of creel sampled unmarked fish collected during the 1980s from locations above Tumwater Falls.  
Recent year natural spawners include returns originating from naturally spawning parents, and a small fraction of strays from the Snake and Columbia River hatchery programs.  Since documentation of hatchery strays began in 1992, spawners originating from naturally spawning parents have comprised an average of 93%, ranging from 87%-99%.
[image: Spawner abundance etimates for this population from 1966 to 2005.  Abundance estimates have been widely variable.]Abundance in recent years has been moderately variable.  The 10-year (1996-2005) geometric mean abundance of natural-origin spawners was 756 (Table 3.2.3–2).  During the period 1969-1998, recruits per spawner (R/S, in terms of spawner to spawner) for steelhead in the Middle Fork John Day River ranged from 0.17 in 1992 to 3.84 in 1997.  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 2.45 R/S, adjusted for SAR and delimited at 75% (563 spawners) of the abundance threshold (Table 3.2.3–2).Figure 3.2.3– 2.  Middle Fork John Day River summer steelhead spawner abundance estimates (1966-2005).

Table 3.2.3– 2.  Middle Fork John Day River summer steelhead population abundance and productivity.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	756
	(195-3538)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.93
	(0.87-1.00)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (20-year R/S, SAR adjusted & delimited) a
	2.45
	(1.81-3.32)
	0.16

	Productivity (20-year Beverton-Holt fit, SAR adjusted) 
	n/a
	
	n/a

	Trend Statistics (1980-2005)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	0.97
	(0.93-1.06)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	1.00
	(0.79-1.26)
	0.50

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	1.01
	(0.80-1.27)
	0.53


a. Delimited productivity excludes any recruit/spawner pair where the spawner number >75% of the population’s minimum abundance threshold.  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: ]The Middle Fork John Day River population is at Moderate Risk based on current abundance and productivity.  The point estimate is between the 5% and 25% risk curves (Figure 3.2.3–3). 
The abundance of natural-origin spawners in the Middle Fork population has fluctuated substantially over the recent 20-year period.  The average trend in natural-origin spawner abundance has been 0.97; the population growth rate metric (calculated with relative hatchery effectiveness set to 1.0) was 1.00 for the same period (Table 3.2.3–2).  The pattern in returns from 1991 through 2005 is similar to the pattern for several other Mid-Columbia DPS steelhead populations, including the Deschutes River Eastside—an increasing trend beginning in 1996 followed by an abrupt decrease to levels observed in the early 1990s.  The estimated proportion of spawners of hatchery-origin has averaged approximately 7% for the period.  The relative effectiveness of hatchery-origin spawners in contributing to natural production in this population is not known.  Setting the value to 0.0, the opposite extreme from 1.0, results in an estimated annual growth rate of 1.01 (0.53 probability of exceeding 1.0).Figure 3.2.3– 3.  Middle Fork John Day River summer steelhead population current abundance/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 has identified two major spawning areas (MaSAs) and no minor spawning areas (MiSAs) within the Middle Fork John Day River summer steelhead population (Figure 3.2.3–4).  Spawning is distributed broadly throughout the population boundaries including mainstem areas in the lower and upper Middle Fork John Day River and Long Creek.  There are numerous tributary spawning streams distributed from the lower end of the population boundary to the uppermost reaches.  Spawners within the Middle Fork John Day River are primarily natural-origin fish; however, outside-DPS hatchery fish, primarily from Snake River stocks, are present in the Middle Fork population.

[image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  The Middle Fork John Day has the greatest proportion of the spawning areas at 72%.
]
Figure 3.2.3– 4.  Middle Fork John Day River summer steelhead population distribution of intrinsic potential habitat across major (MaSAs) and minor spawning areas (MiSAs).

Factors and Metrics
A.1.a.  Number and spatial arrangement of spawning areas
The Middle Fork population has two MaSAs (no MiSAs) which are distributed in a dendritic pattern.  Based on the ODFW spawner distribution database all of the major and minor spawning areas are occupied and a total of 546 km are currently used for spawning (Figure 3.2.3–5).  The Middle Fork population rates at low risk because it has two MaSAs occupied in a non-linear configuration.
A.l.b.  Spatial extent or range of population
The current spawner distribution mirrors the historical distribution as represented by the intrinsic potential analyses.  All MaSAs are currently occupied (Figure 3.2.3–5).  The current spatial extent and range criteria are rated as very low risk for the Middle Fork population.  There are four index spawning survey reaches in the Middle Fork population.  Recent spawning ground surveys results will be analyzed for future viability assessments.Figure 3.2.3– 5.  Middle Fork John Day River summer steelhead population current spawning distribution and spawning area occupancy designations.

A.1.c.  Increase or decrease in gaps or continuities between spawning aggregates
There has been little or no increase in gaps or loss in continuity between spawning areas within the Middle Fork population.  Thus, the Middle Fork population rates as low risk for gaps and continuity.
B.1.a.  Major life history strategies
There are no direct observations to assess loss in major life history strategies for the Middle Fork John Day River steelhead population; therefore we infer loss of life history diversity based on habitat changes.  Although habitat conditions, particularly temperature, have been altered through time, there remains the theoretical opportunity to express diverse life history strategies similar to intrinsic potential.  Juvenile steelhead exhibit diverse patterns of movement throughout their life cycle and rear in a variety of habitat types.  Middle Fork John Day River steelhead are A-Run steelhead and appear to exhibit typical A-Run age at out-migration and ocean residence duration.  The rating for loss of life history strategies is low risk for this metric.
B.1.b.  Phenotypic variation
Current habitat conditions are not such that selective pressures would have significantly changed or eliminated any phenotypic traits.  Mainstem Columbia River migrating corridor temperature changes and temperature changes in the John Day River have likely altered juvenile migration timing, thus reducing trait variability.  We hypothesize that conditions have not altered the mean or variability of traits to the point that the risk level rises to moderate.  Current habitat conditions and absence of other significant phenotypic selective pressure indicate that the Middle Fork population is at low risk for this metric.
B.1.c.  Genetic variation
There are limited genetics data for John Day River steelhead populations and only one sample from the Middle Fork population.  The samples from populations within the John Day River MPG are not well differentiated from one another.  However, these samples were taken from a relatively small geographic area over a short time frame.  There is no biological basis for the low level of differentiation.  Samples were collected in the mid-1980s before any significant potential effects of hatchery strays.  There have been no bottlenecks or other demographic factors that would have resulted in genetic variation impairment.  There are out-of-DPS strays in the Middle Fork population; however the degree of introgression is unknown.  We have assigned a rating of low risk for this metric.  This rating is driven by balance between apparent similarity within and between populations and the relative degree of differentiation within and between the John Day River populations.  Samples from multiple locations were collected in 2005 and will be analyzed to better inform the risk rating for this metric in the future.
B.2.a.  Spawner composition
(1) Out-of-DPS spawners:  Inadequate data exist to estimate the out-of-DPS hatchery fraction specifically for the Middle Fork population.  Estimates we used in this assessment were based on data from a composite of the four populations (South Fork, Middle Fork, Upper John Day, and North Fork) in the John Day River MPG that are above the Lower Mainstem population.  These estimates are based on observations from spawning surveys and kelt collections seined from the mainstem.  Since 1992, the estimated hatchery fraction ranged from 0.01-0.13.  The mean hatchery fraction was 0.067.  Based on recovery of hatchery fish with coded wire tags (CWTs), primarily from angler caught fish, the majority of stray hatchery fish originate from Snake River hatcheries.  Given that the hatchery fraction of out-of-DPS strays is estimated to be greater than 0.05 for two or more generations, the rating is high risk for this metric.
(2) Out-of-MPG spawners from within the DPS:  There have been four steelhead with CWTs recovered in the John Day River MPG from out-of-MPG within-DPS origin.  Three originated from the Umatilla Hatchery program and one from the Deschutes.  It appears very few within-DPS hatchery fish stray into the John Day River, thus the rating is low risk for this metric.
(3) Out-of-population spawners from within the MPG:  There are no steelhead hatchery programs operated within the John Day River basin, therefore this metric is rated as very low risk.
(4) Within-population hatchery spawners:  There are no steelhead hatchery programs operated within the John Day River basin, therefore this metric is rated as very low risk.
The overall rating for the spawner composition metric is high risk, due to the high proportion of out-of-DPS strays that spawn naturally in this population.

B.3.a.  Distribution of population across habitat types
The intrinsic potential distribution of the Middle Fork population encompassed four ecoregions, with the John Day Clarno Highlands, John Day Clarno Uplands, and Melange being the dominant ecoregions (Figure 3.2.3–6).  There has been little change in ecoregion distribution between intrinsic and current.  All MaSAs in the intrinsic distribution are currently occupied in a similar distribution pattern (Table 3.2.3–3).  The rating is low risk for this metric.

[image: ]
Figure 3.2.3– 6.  Middle Fork John Day River summer steelhead population spawning distribution across EPA level IV ecoregions.
Table 3.2.3– 3.  Middle Fork John Day 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)

	John Day Clarno Highlands
	30.9
	37.7

	John Day Clarno Uplands
	46.2
	38.2

	Melange
	19.6
	22.2

	Mesic Forest Zone
	3.3
	2.0


B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population crosses three dams on the lower 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:  These 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 does not develop in some years, and the degree of differential survival is likely low and not well-understood, we rate the selection intensity as low.  Heritability of this trait is high, thus the hydropower rating for this trait is moderate risk.  
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 slightly more than 2% of the total population.  There may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is very limited tribal harvest of natural-origin fish within the John Day River subbasin; impacts from the recreational fishery are incidental to hatchery-origin fish harvest and are not selective.  No phenotypic traits appear to be at risk as a result of this activity.  The harvest rating is low risk for all traits.
Hatcheries:  There are no steelhead hatchery programs operated within the population; therefore, the hatchery rating is very low risk for all traits.
Habitat:  Altered flow profiles and increased temperatures have been in place for many generations and are ongoing; there is likely some selection on juvenile and adult migration timing.
Adult migration timing:  Low flows in the late summer and early fall in the John Day River likely expose adults that enter the river early to above normal mortality rates.  Adult migration timing is highly heritable, but a negligible proportion of the population is likely subject to these effects.  Thus, the impact of habitat changes on this trait is low risk.
Juvenile migration timing:  Late spring and early summer temperatures are elevated relative to historical conditions.  There has likely been some effect on juvenile migration timing as temperatures can reach stressful levels in the John Day River mainstem in late spring and early summer in some years.  Selection intensity is considered negligible and the heritability of this trait is moderate to low.  The rating for this trait is low risk.
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 during tern nesting season in May.  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 selective factor is low risk.
There is only one trait that has a moderate rating for one selective activity.  Therefore, the overall selectivity rating for this population is low risk.

Spatial Structure and Diversity Summary
The integrated spatial structure/diversity rating is Moderate Risk for the Middle Fork John Day River summer steelhead population (Table 3.2.3–4).  The rating for Goal A (allowing natural rates and levels of spatially mediated processes) was low risk.  The current spawner distribution of the Middle Fork population mimics the intrinsic distribution.  The population is distributed broadly across the landscape, in both MaSAs with adequate gaps and good continuity between spawning areas.
The rating for Goal B (maintaining natural levels of variation) was moderate risk.  Additional genetics analyses are needed to better assess genetic variation and hatchery introgression.  This population was rated high risk for proportion of out-of-DPS hatchery strays based on a limited time series of composite John Day River population data.  Better population-specific spawner composition data are needed to better understand the out-of-DPS hatchery stray influence.  If there is significant hatchery introgression that affects genetic variation through time, then the risk rating may increase.
Table 3.2.3– 4.  Middle Fork John Day River summer steelhead 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 = 1.3)
	Low Risk
(Mean = 1.3)
	Moderate Risk

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

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

	B.1.a
	L (1)
	L (1)
	Low Risk (1)
	Moderate Risk
(Mean = 0.5)
	

	B.1.b
	L (1)
	L (1)
	
	
	

	B.1.c
	L (1)
	L (1)
	
	
	

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

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

	B.2.a(3)
	VL (2)
	
	
	
	

	B.2.a(4)
	VL (2)
	
	
	
	

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

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



Overall Viability Rating 
The Middle Fork John Day River summer steelhead population does not currently meet the ICTRT criteria for viable status.  However, the population does meet the criteria to be rated as MAINTAINED (Figure 3.2.3–7).  Overall abundance and productivity is rated at Moderate Risk.  The 10-year geometric mean abundance of natural-origin spawners is 756, which is 76% of the minimum abundance threshold of 1,000.  The 20-year geometric mean productivity (2.45 R/S; Table 3.2.3–6) exceeds the minimum required productivity of 1.35 R/S at the abundance threshold.  Overall spatial structure and diversity is rated at Low Risk and the lower end of the adjusted standard error met the low risk criteria.  Increased annual abundance would allow this population to achieve an abundance/productivity risk rating of low and raise the overall viability rating to viable.
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Figure 3.2.3– 7.  Middle Fork John Day 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 – Middle Fork John Day River
Data type:  Redd count expansion - Index area redd counts expanded to total population estimate by applying ratio of average redd densities (samples across all areas to samples from index reaches) from EMAP surveys.  Assumed 2.1 fish per redd. 
Smolt-to-Adult Return rate (SAR):  Mid-Columbia composite series (see Methods). 
Table 3.2.3– 5.  Middle Fork John Day River summer steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bold values were used in estimating the current productivity (Table 3.2.3–6).
[image: ]

Table 3.2.3– 6.  Middle Fork John Day River summer steelhead population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
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Table 3.2.3– 7.  Middle Fork John Day River summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
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[image: ]Figure 3.2.3– 8.  Middle Fork John Day River summer steelhead population stock recruitment curves.  Bold points were used in estimating the current productivity.  Data were not adjusted for marine survival.



















Figure 3.2.3– 9.  Middle Fork John Day River summer steelhead 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 3.2.3–2) and fitting a capacity estimate to the data series.
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  Current Status Assessment – South Fork John Day River Summer Steelhead Population 
The South Fork John Day River summer steelhead population (Figure 3.2.4–1) is one of five populations in the John Day River MPG within the Mid-Columbia River DPS.  All five populations in this MPG are summer run.
Figure 3.2.4– 1.  South Fork John Day River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.


The Interior Columbia Technical Recovery Team (ICTRT) classified the South Fork population as “basic” in size and complexity (Table 3.2.4–1) based on historical habitat potential (ICTRT 2007), which is the smallest population classification.  A steelhead population classified as basic has a minimum abundance threshold criteria of 500 natural-origin spawners with sufficient intrinsic productivity (≥ 1.56 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 South Fork 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 2.00 recruits per spawner at the minimum abundance threshold.
Table 3.2.4– 1.  South Fork John Day River summer steelhead basin statistics and intrinsic potential analysis.
	Drainage area (km2)
	1,570

	Stream lengths km (total) a
	451

	Stream lengths km (below natural barriers) a
	226

	Branched stream area weighted by intrinsic potential (km2)
	0.881

	Branched stream area km2 (weighted and temp. limited) b
	0.881

	Total stream area weighted by intrinsic potential (km2)
	1.030

	Total stream area weighted by intrinsic potential (km2) temp limited b
	1.030

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

	Number of major spawning areas (MaSAs)
	3

	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 (1960-2005) total spawner abundance (number of adult spawners in natural production areas) has ranged from 105 in 1999 to 2,454 in 1962 (Figure 2).  Abundance estimates are based on expanded redd counts.  Index surveys of steelhead redds from the Oregon Department of Fish and Wildlife (ODFW), John Day District, were used for the historical dataset.  We used index surveys that showed relatively consistent visitation through the years.  Survey data from Black Canyon, Deer, upper Murderer’s, lower Murderer’s, Tex, and Wind Creeks were used in the analyses.  The current spawning distribution was used for the miles of available habitat within each population’s range.  The index redd densities were then multiplied by a correction factor based on the ratio of index densities to EMAP (Environmental Monitoring and Assessment Program) densities for 2004-2005.  The ratio was consistent for these years (0.36, 0.35).  The estimated redd density for the entire spawning area (0.355 x index density) was multiplied by the total miles of currently utilized spawning habitat.  Total annual redds were converted to fish by multiplying the total annual number of redds by the number of fish per redd.  An average ratio of 2.1 fish per redd was developed from Deer Creek survey data in the Grande Ronde River basin. The ratio is an average from four years of data of complete and repeated surveys (censuses) of redds above a weir where we have a complete count.  
The hatchery-origin/natural-origin composition of spawners were computed separately for the Lower Mainstem John Day River population, and combined for all other populations in the John Day River MPG.  Data used to represent the South Fork population included observations of positively identified adipose fin-clipped spawners (1992-present) from spawning survey observations in the four populations above the Lower Mainstem, and observations from rotary screw trap and seine collections of adults (2000-present).  There is evidence from the Deschutes River that hatchery straying was substantially lower before 1992, and since the source of strays in the John Day River subbasin is the same as in the Deschutes River, we assumed a similar trend.  No other data are available for earlier years so the hatchery fraction was set at zero.  Age composition was derived from scale readings of creel sampled unmarked fish collected during the 1980s from locations above Tumwater Falls.  
Recent year natural spawners include recruits originating from naturally spawning parents and a small fraction of strays from the Snake and Columbia River hatchery programs.  Since documentation of hatchery strays began in 1992, spawners originating from naturally spawning parents have comprised an average of 93%, ranging from 87% to 99%.
[image: Spawner abundance etimates for this population from 1960 to 2005.  Abundance estimates have declined to less than 500 spawners in recent years.]Abundance in recent years has been moderately variable.  The 10-year (1996-2005) geometric mean abundance of natural-origin spawners was 259 (Table 3.2.4–2).  During the period 1961-1998, recruits per spawner (R/S, in terms of spawner to spawner) for steelhead in the South Fork John Day River ranged from 0.20 in 1987 to 13.54 in 1968.  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 2.06 R/S, adjusted for SAR and delimited at 75% (375 spawners) of the abundance threshold.Figure 3.2.4– 2. South Fork John Day River summer steelhead population spawner abundance (1960-2005).

Table 3.2.4– 2.  South Fork John Day River summer steelhead population abundance and productivity.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	259
	(76-2729)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.93
	(0.87-1.00)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (20-year R/S, SAR adjusted & delimited) a
	2.06
	(1.26-3.38)
	0.27

	Productivity (20-year Beverton-Holt fit, SAR adjusted) 
	n/a
	
	n/a

	Trend Statistics (1980-2005)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	0.95
	(0.91-1.09)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	0.98
	(0.74-1.32)
	0.44

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	0.99
	(0.74-1.33)
	0.47


a. Delimited productivity excludes any recruit/spawner pair where the spawner number >75% of the population’s minimum abundance threshold.  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: ]The South Fork John Day River population is at Moderate Risk based on current abundance and productivity.  The point estimate resides between the 5% and 25% viability curves (Figure 3.2.4–3).  The lower bound of the adjusted standard error for both the productivity and abundance extend below the 25% risk level.
The average trend in abundance over the most recent 20 years has been below 1.0 based on both the trend in natural-origin spawner abundance and the population growth rate metrics (Table 3.2.4–2).  The pattern in returns from 1980 through 2005 is similar to the pattern for several other Mid-Columbia DPS steelhead populations—generally high returns in the mid-1980s, increasing trend beginning in 2000, followed by an abrupt decline in the most recent years.  The estimated proportion of hatchery-origin spawners for this population has been relatively low.  Therefore the alternative estimate of population growth rate (assuming that hatchery spawners are not contributing as parents to natural production) is slightly higher than, but similar to, the standard estimate.  The data series for South Fork John Day steelhead abundance extends back to 1960.  Spawning levels in the 1970s were generally higher than levels observed from 1980 through 2005.  Figure 3.2.4– 3.  South Fork John Day River summer steelhead population current abundance/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 has identified three major spawning areas (MaSAs) and no minor spawning areas (MiSAs) within the South Fork John Day River steelhead population (Figure 3.2.4–4).  A natural barrier at Izee Falls limits distribution in the mainstem South Fork John Day River.  Spawning is distributed broadly throughout the population boundaries including mainstem areas in the South Fork John Day River, Murderers Creek, and Canyon Creek, as well as many tributaries.  Spawners within the South Fork population are primarily natural-origin fish; however, out-of-DPS hatchery fish, primarily from Snake River stocks, are present in the South Fork population.
[image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  The Lower South Fork John Day has the greatest proportion of 3 major spawning areas at 47%.  ]
Figure 3.2.4– 4.  South Fork John Day River summer steelhead population distribution of intrinsic potential habitat across major spawning areas (MaSAs).  No minor spawning areas present.

Factors and Metrics
A.1.a.  Number and spatial arrangement of spawning areas
The South Fork John Day River has three MaSAs which are distributed in a dendritic pattern.  Intrinsic potential is distributed relatively equally between the three MaSAs in the lower mainstem South Fork, Murderer’s Creek, and the upper South Fork.  Based on the ODFW spawner distribution database, all of the spawning reaches identified within the intrinsic potential distribution are currently occupied, and 247 km of habitat are presently used for spawning (Figure 3.2.4–5).  The South Fork population rates at low risk for this metric because all three MaSAs are occupied.
A.l.b.  Spatial extent or range of population
The current spawning distribution based on the ODFW distribution database mirrors the historical distribution represented by the intrinsic potential analyses.  All MaSAs are currently occupied (Figure 3.2.4–5).  The South Fork population is rated very low risk for spatial extent and range criteria.  Index area spawning surveys are conducted in five creeks, including at least one reach in each MaSA.  Recent spawning ground surveys results will be analyzed for future viability assessments.
A.1.c.  Increase or decrease in gaps or continuities between spawning aggregates
There has been no increase or decrease in gaps between spawning areas.  Spawning habitat connectivity appears to be unchanged within the South Fork population.  The South Fork population rates at very low risk for gaps and connectivity.
Figure 3.2.4– 5.  South Fork John Day River summer steelhead population current spawning distribution and spawning area occupancy designations.

B.1.a.  Major life history strategies
There are no direct observations to evaluate current life history strategies relative to historic; therefore we infer loss of life history diversity based on habitat changes.  Increased water temperatures have likely reduced connectivity and quantity of habitats available during summer, but have not likely resulted in loss of any major life history strategies.  Juvenile steelhead currently exhibit diverse patterns of movement to and from tributaries and mainstem reaches throughout the life cycle.  These diverse movement patterns result in rearing in a diversity of habitat types.  South Fork John Day River steelhead are A-run with predominant smolt age-at-migration of age 2 and age 3 and return primarily after one or two years in the ocean.  These characteristics are typical for summer run steelhead in the Columbia River basin.  Evidence does not indicate loss of any major life history strategies, thus the population rates at low risk for this metric.
B.1.b.  Phenotypic variation
We have no data to assess if any phenotypic traits have been significantly changed or lost.  Although habitat conditions are altered from historic conditions the types of alterations would not result in loss of significant phenotypic traits.  Due to water temperature changes in the mainstem Columbia River and John Day River, there have likely been reductions in the variation of adult migration timing and some reduction in distribution of summer rearing.  There are no other major selective pressures which would cause significant changes or loss of traits.  The South Fork population rates at low risk for phenotypic variation.
B.1.c.  Genetic variation
There are limited genetics data for John Day River steelhead populations and only one sample from the South Fork population.  The South Fork population shows greater between-population divergence than the other John Day River samples.  Overall, the John Day River samples were not well differentiated.  Samples were taken from a relatively small geographic area over a short timeframe.  There is no biological basis for the low level of differentiation.  Past genetic samples were likely taken prior to potential significant hatchery influence.  For the genetic variation metric, we have assigned a level of low risk to the South Fork population.  This rating reflects a balance between apparent similarity between populations in the John Day River MPG and some degree of differentiation.  Samples were collected from multiple locations in 2005 and will be analyzed in the near future to better inform the genetic variation risk assessment.
B.2.a.  Spawner composition
(1) Out-of-DPS spawners:  There are inadequate data to estimate the out-of-DPS hatchery fraction specifically for the South Fork population.  Estimates we used in this assessment were based on data from a composite of four John Day River populations (South Fork, Middle Fork, North Fork and Upper Mainstem).  These estimates are based on observations from spawning surveys and kelt collections.  Since 1992, the estimated hatchery fraction has ranged from 0.01-0.13 with a mean of 0.067.  Based on coded wire tags (CWTs) recovered primarily from recreational fisheries, most of the strays are from Snake River hatcheries.  Given the level and duration of strays, the population rated at high risk for this metric.
(2) Out-of-MPG spawners from within the DPS:  There have been a total of four fish with CWTs recovered in the John Day River from out-of-MPG within-DPS origin.  Three originated from the Umatilla Hatchery program and one from the Deschutes.  It appears very few within-DPS hatchery fish stray into the John Day River MPG, thus the rating is low risk.
(3) Out-of-population spawners from within the MPG:  There are no steelhead hatchery programs operated within the John Day River basin, and this metric is rated as very low risk.
(4) Within-population hatchery spawners.  There are no steelhead hatchery programs operated within the John Day River basin, therefore this metric is rated as very low risk.
The overall rating for spawner composition is high risk due to the high proportion of out-of-DPS strays that spawn naturally in this population.
B.3.a.  Distribution of population across habitat types
The intrinsic potential distribution of the South Fork population encompassed five ecoregions, with the John Day Clarno Uplands being predominant.  The current distribution is nearly identical to the intrinsic distribution (Figure 3.2.4–6 and Table 3.2.4–3), thus we have rated this population at low risk because only two of the ecoregions contain greater than 10% of the historic distribution.
Figure 3.2.4– 6.  South Fork John Day River summer steelhead population spawning distribution across EPA level IV ecoregions.



Table 3.2.4– 3.  South Fork John Day 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)

	Continental Zone Highlands
	16.7
	16.4

	John Day Clarno Highlands
	3.4
	3.4

	John Day Clarno Uplands
	69.9
	70.2

	Melange 
	9.9
	9.9

	Mesic Forest Zone
	0.1
	0.1



B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population passes three dams on the lower 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:  These 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 does not develop in some years, and the degree of differential survival is likely low and not well-understood, we rate the selection intensity as low.  Heritability of this trait is high, thus the hydropower rating for this trait is moderate risk.  
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 slightly more than 2% of the total population.  There may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is very limited tribal harvest of natural-origin fish within the John Day River subbasin; impacts from the recreational fishery are incidental to hatchery-origin fish harvest and are not selective.  No phenotypic traits appear to be at risk as a result of this activity.  The harvest rating is low risk for all traits.
Hatcheries:  There are no steelhead hatchery programs operated within the population; therefore, the hatchery rating is very low risk for all traits.
Habitat:  Altered flow profiles and increased temperatures have been in place for many generations and are ongoing; there is likely some selection on juvenile and adult migration timing.
Adult migration timing:  Low flows in the late summer and early fall in the John Day River likely expose adults that enter the river early to above normal mortality rates.  Adult migration timing is highly heritable, but a negligible proportion of the population is likely subject to these effects.  Thus, the impact of habitat changes on this trait is low risk.
Juvenile migration timing:  Late spring and early summer temperatures are elevated relative to historical conditions.  There has likely been some effect on juvenile migration timing as temperatures can reach stressful levels in the John Day River mainstem in late spring and early summer in some years.  Selection intensity is considered negligible and the heritability of this trait is moderate to low.  The rating for this trait is low risk.
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 during tern nesting season in May.  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 selective factor is low risk.
There is only one trait that has a moderate rating for one selective activity.  Therefore, the overall selectivity rating for this population is low risk.
Spatial Structure and Diversity Summary
The integrated spatial structure/diversity rating is Moderate Risk (Table 3.2.4–4) for the South Fork John Day River population.  The rating for Goal A (allowing natural rates and levels of spatially mediated processes) was very low risk.  Although the current spawner distribution mimics the intrinsic distribution, only three MaSAs exist within the population.  Good continuity exists between spawning areas and gaps between areas have remained relatively unchanged.
The rating for Goal B (maintaining natural levels of variation) is moderate risk.  As is the case for all John Day River steelhead populations there is uncertainty in ratings of metrics “genetic variation” and “proportion of spawners that are out-of-DPS strays.”  We have limited genetics data for South Fork steelhead to determine if the current population variation is similar to historic conditions and to examine the degree of hatchery fish introgression.  The metric for proportion of out-of-DPS strays rated as high risk.  However, the analyses relied on composite data from four John Day River populations.  Additional population-specific spawner composition data are needed to better inform the risk rating and to reduce the associated uncertainty.
Table 3.2.4– 4.  South Fork John Day River summer steelhead population spatial structure and diversity risk rating.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	L (1)
	L (1)
	Very Low Risk
(Mean = 1.67) 
	Very Low Risk
(Mean = 1.67)
	Moderate Risk

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

	A.1.c
	VL (2)
	VL (2)
	
	
	

	B.1.a
	L (1)
	L (1)
	Low Risk (1)
	Moderate Risk
(Mean = 0.5)
	

	B.1.b
	L (1)
	L (1)
	
	
	

	B.1.c
	L (1)
	L (1)
	
	
	

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

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

	B.2.a(3)
	VL (2)
	
	
	
	

	B.2.a(4)
	VL (2)
	
	
	
	

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

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


Overall Viability Rating
The South Fork John Day River summer steelhead population does not currently meet the ICTRT criteria for viable status (Figure 3.2.4–7).  However, the population does meet criteria to be rated as MAINTAINED.  Overall abundance and productivity is rated at Moderate Risk.  The 10-year geometric mean abundance of natural-origin spawners is 259, which is only 52% of the minimum abundance threshold of 500.  The 20-year geometric mean productivity (2.06 R/S; Table 3.2.4–6) exceeds the minimum required productivity of 1.56 R/S at the abundance threshold.  Overall spatial structure and diversity is rated at Moderate Risk.  Improvement in abundance will allow this population to achieve viable status.  There is considerable uncertainty regarding the spawner composition data.  Enhanced monitoring of the hatchery-origin/natural-origin ratios on the South Fork John Day River spawning grounds should be conducted to improve the hatchery fraction estimate and reduce the degree of uncertainty.
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Figure 3.2.4– 7.  South Fork John Day 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 – South Fork John Day River
Data type:  Redd count expansion - Index area redd counts expanded to total population estimate by applying ratio of average redd densities (samples across all areas to samples from index reaches) from EMAP surveys.  Assumed 2.1 fish per redd. 
Smolt-to-Adult Return rate (SAR):  Mid-Columbia composite series (see Methods). 

Table 3.2.4– 5.  South Fork John Day River steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bold values were used in estimating the current productivity (Table 3.2.4–6).
[image: ]
Table 3.2.4– 6.  South Fork John Day River steelhead population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
[image: ]
Table 3.2.4– 7.  South Fork John Day River steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
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Figure 3.2.4– 8.  South Fork John Day River steelhead 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 3.2.4– 9.  South Fork John Day River steelhead 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 3.2.4–2) and fitting a capacity estimate to the data series.
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  Current Status Assessment – Upper Mainstem John Day River Summer Steelhead Population  
The Upper Mainstem John Day River summer steelhead population (Figure 3.2.5–1) is one of five populations in the John Day River MPG within the Mid-Columbia River DPS.  All five populations in this MPG are summer run.
[image: JDUMAsteelhead-msa-landscape]Figure 3.2.5– 1.  Upper Mainstem John Day River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Upper Mainstem John Day River population as “intermediate” in size and complexity (Table 3.2.5–1) based on historical habitat potential (ICTRT 2007).  A steelhead population classified as intermediate has a minimum abundance threshold of 1,000 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 Upper Mainstem 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 1.64 recruits per spawner at the minimum abundance threshold.
Table 3.2.5– 1.  Upper Mainstem John Day River summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	2,511

	Stream lengths km (total) a
	801

	Stream lengths km (below natural barriers) a
	767

	Branched stream area weighted by intrinsic potential (km2)
	3.091

	Branched stream area km2 (weighted and temp. limited) b
	3.091

	Total stream area weighted by intrinsic potential (km2)
	3.346

	Total stream area weighted by intrinsic potential (km2) temp limited b
	3.346

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

	Number of major spawning areas (MaSAs)
	5

	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 (1965-2005) total spawner abundance (number of adult spawners in natural production areas) has ranged from 197 in 1995 to 4,235 in 1988 (Figure 2).  Abundance estimates are based on expanded redd counts.  Index surveys of steelhead redds from the Oregon Department of Fish and Wildlife (ODFW), John Day District, were used for the historical dataset.  We used index surveys that showed relatively consistent visitation through years (Belshaw, Bear, Beech, East Fork Beech, Canyon, Middle Fork Canyon, McClellan, Riley, and Tinker Creeks).  The current spawning distribution was used for the miles of available habitat within each populations range.  The index redd densities were then multiplied by a correction factor to estimate the annual redd densities for the entire spawning distribution, based on the ratio of index redd densities to EMAP (Environmental Monitoring and Assessment Program) redd densities for 2004-2005; the ratio was consistent for these years (0.36, 0.35).  The estimated redd density for the entire spawning area (0.355 x index density) was multiplied by the total miles of spawning habitat currently utilized.  Total annual redds were converted to fish by multiplying the total annual number of redds by the number of fish per redd.  Fish per redd ratios were developed from four years of data of complete and repeated surveys (censuses) on Deer Creek in the Grande Ronde River basin of redds above a weir where there was a complete fish count; the calculated average fish per redd estimate was 2.1.
The hatchery-origin/natural-origin composition of spawners was computed separately for the Lower Mainstem John Day River population and combined for all other populations in the MPG.  Data used to represent the Upper Mainstem population included observations of positively identified fin-clipped spawners (1992-present) from spawning survey observations in the four populations above the Lower Mainstem, and observations from rotary screw trap and seine collections of adults (2000-present).  Evidence from the Deschutes River indicates that hatchery straying was substantially lower before 1992; because the source of strays in the John Day River subbasin is the same as in the Deschutes River we assumed a similar trend.  No data are available for earlier years so the hatchery fraction was set at zero.  Age composition was derived from scale readings of creel sampled unmarked fish collected during the 1980s above Tumwater Falls.  
Recent year natural spawners include recruits from naturally spawning parents and a small fraction of strays from Snake and Columbia River hatchery programs.  Spawners originating from naturally spawning parents have comprised an average of 93% since hatchery strays were documented in 1992.  Since then, the percentage of natural spawners has ranged from 87%-99%.
[image: Spawner abundance etimates for this population from 1965 to 2003.  Abundance estimates have fluxuated around 500 spawners since 1993.]Abundance in recent years has been moderately variable.  The 10-year (1994-2003) geometric mean abundance of natural-origin spawners was 524 (572 total spawners).  During the period 1969-1998, recruits per spawner (R/S, in terms of spawner to spawner) for steelhead in the Upper Mainstem John Day River ranged from 0.19 in 1992 to 5.43 in 1979.  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 2.14 R/S, adjusted for SAR and delimited at 75% (750 spawners) of the abundance threshold.Figure 3.2.5– 2.  Upper Mainstem John Day River summer steelhead population spawner abundance (1960-2003).

Table 3.2.5– 2.  Upper Mainstem John Day River summer steelhead population abundance and productivity.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	524
	(185-5169)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.93
	(0.87-1.00)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (20-year R/S, SAR adjusted & delimited) a
	2.14
	(1.52-2.76)
	0.33

	Productivity (20-year Beverton-Holt fit, SAR adjusted) 
	n/a
	
	n/a

	Trend Statistics (1980-2005)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	0.95
	(0.92-1.03)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	0.99
	(0.77-1.27)
	0.44

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	0.99
	(0.77-1.28)
	0.47


a. Delimited productivity excludes any recruit/spawner pair where the spawner number >75% of the population’s minimum abundance threshold.  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: ]The Upper Mainstem John Day River population is at Moderate Risk based on current abundance and productivity.  The point estimate for abundance and productivity resides between the 5% and 25% risk curves (Figure 3.2.5–3).  
The average trend in abundance over the most recent 20 years has been below 1.0 based on both the trend in ln(natural-origin spawner abundance) and the population growth rate metric (λ) with no adjustment for relative hatchery-origin spawner effectiveness (Table 3.2.5–2).  Like most Mid-Columbia DPS steelhead populations, the estimated number of spawners in the Upper Mainstem John Day increased in the mid 1980s, and then dropped back down by the early 1990s.  Annual returns since 1999 have generally been below the early 1980s levels, except for increased returns peaking in 2002.  The estimated proportion of hatchery-origin spawners has been relatively constant over the period at 7% (Table 3.5.5–2).  The relative effectiveness of hatchery-origin spawners in contributing to natural production in this population is not known.  Setting the value to 0.0, the opposite extreme from 1.0, does not substantially alter the estimated population growth rate given the relatively low proportion of hatchery-origin spawners recorded for this population.Figure 3.2.5– 3.  Figure 3.2.5–3.  Upper Mainstem John Day River steelhead population current abundance/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 has identified five major spawning areas (MaSAs) and no minor spawning areas (MiSAs) within the Upper Mainstem John Day River steelhead population (Figure 3.2.5–4).  Most of the production area resides in the Upper John Day MaSA.  Spawning is distributed broadly across the population including mainstem reaches in the Upper John Day River, Canyon Creek, and Beech Creek, as well as in numerous tributaries from the town of Dayville, OR, upstream to the headwaters.  Spawners within the Upper John Day River are primarily natural-origin fish, although a small proportion of out-of-DPS hatchery fish, primarily from Snake River stocks, are present in the Upper Mainstem population.
[image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  The Upper John Day has the greatest proportion of 5 major spawning areas at 38%.  
] Factors and MetricsFigure 3.2.5– 4.  Upper Mainstem John Day River summer steelhead population distribution of intrinsic potential habitat across major (MaSAs) and minor spawning areas (MiSAs).

A.1.a.  Number and spatial arrangement of spawning areas
The Upper Mainstem John Day River population has five MaSAs (no MiSAs) which are distributed in a complex dendritic pattern.  Based on the ODFW spawner distribution database all of the MaSAs are currently occupied and a total of 489 km are presently used for spawning (Figure 3.2.5–5).  The Upper Mainstem John Day River population rates at very low risk because all five MaSAs are occupied in a dendritic configuration.
A.l.b.  Spatial extent or range of population
All of the historical MaSAs are currently occupied (Figure 3.2.5–5).  This population rates at very low risk for spatial extent and range, since greater than 90% of the historical MaSAs are occupied.  There are nine spawning survey index sites in the Upper Mainstem John Day River population covering all five MaSAs.  Recent survey results will be analyzed for future viability assessments.
[image: JDUMAsteelhead-use-landscape]
A.1.c.  Increase or decrease in gaps or continuities between spawning aggregatesFigure 3.2.5– 5.  Upper Mainstem John Day River summer steelhead population current spawning distribution and spawning area occupancy designations.

There have been no increases or decreases in gaps between spawning areas relative to historic distribution.  Spawning connectivity appears to be unchanged, thus the population rates at very low risk for this metric.
B.1.a.  Major life history strategies
There are no direct observations to assess loss in major life history strategies for the Upper Mainstem population; therefore we infer changes in life history from habitat information.  Habitat conditions have been altered resulting in decreased flows and increased temperatures.  The habitat changes limit juvenile movement patterns and rearing distribution during summer.  The age-at-migration and ocean residence data are based on scale analyses from angler caught fish and represent a composite for John Day River populations.  Smolt age-at-migration and ocean residence appear to be normal for A-run steelhead.  There is no evidence for loss of major life history pathways.  We have rated this metric as moderate risk because of the significant loss of summer rearing in the upper mainstem and tributaries.
B.1.b.  Phenotypic variation
Mainstem Columbia River temperatures, as well as temperatures within the John Day River basin, have likely reduced the variation in both adult and juvenile migration.  Warmer temperatures in the summer and autumn hinder or prevent adult movement upstream into the John Day River.  Warmer temperatures in early summer have likely truncated the smolt migration timing so that fewer fish migrate at the tail end of the distribution.  The reduction in these phenotypic traits results in a rating of low risk for the Upper Mainstem John Day River population.
B.1.c.  Genetic variation
There are limited genetics data for the John Day River steelhead populations and only one sample from the Upper Mainstem population.  We have no indications of past bottlenecks and the only major genetics concern is related to introgression from out-of-DPS hatchery fish.  Overall the John Day River samples are not well differentiated.  Samples were taken from a relatively small geographic area for only one year.  We have rated the population as low risk.  This rating is driven by balance between apparent similarity within and between populations and relative degree of differentiation.  There is the need for better genetic assessment of this population to characterize genetic diversity and hatchery fish genetic introgression.  Samples were collected in 2005 to provide better information for assessing genetic variation.
B.2.a.  Spawner composition
(1) Out-of-DPS spawners:  Inadequate data exist to estimate the out-of-DPS hatchery fraction specifically for the Upper Mainstem population.  Estimates we used in this assessment are based on data from a composite of the four populations (South Fork, Middle Fork, North Fork and Upper Mainstem) in the John Day River that are above the Lower Mainstem population.  These estimates are based on observations from spawning surveys and kelt collections seined from the mainstem.  Since 1992, the estimated hatchery fraction ranged from 0.01-0.13.  The mean hatchery fraction was 0.067.  Based on coded wire tags (CWTs) recovered primarily from angler caught fish, the majority of stray hatchery fish originate from Snake River hatcheries.  Given that the hatchery fraction of out-of-DPS strays is estimated to be greater than 0.05 for two or more generations, the rating is high risk for this metric.
(2) Out-of-MPG spawners from within the DPS:  There have been four fish with CWTs recovered in the John Day River from out-of-MPG within-DPS origin.  Three originated from the Umatilla Hatchery program and one from the Deschutes.  It appears very few within-DPS hatchery fish stray into the John Day River, thus the rating is low risk for this metric.
(3) Out-of-population spawners from within the MPG:  There are no steelhead hatchery programs operated within the John Day River basin, and this metric is rated as very low risk.
(4) Within-population hatchery spawners:  There are no steelhead hatchery programs operated within the John Day River basin, therefore this metric is rated as very low risk.
The overall spawner composition rating is high risk due to the high proportion of out-of-DPS strays that spawn naturally in this population.
B.3.a.  Distribution of population across habitat types
The initial distribution of the Upper Mainstem population encompassed four ecoregions of which only two were greater than 10% of the distribution (Figure 3.2.5–6).  The John Day Clarno Uplands is the dominant ecoregion.  There has been very little change in ecoregion distribution as the current distribution mimics the intrinsic potential (Table 3.2.5–3).  The risk level is low risk only because two ecoregions have proportions greater than 10%.
[image: JDUMAsteelhead-eco-landscape]Figure 3.2.5– 6.  Upper Mainstem John Day River summer steelhead population spawning distribution across EPA level IV ecoregions.




Table 3.2.5– 3.  Upper Mainstem John Day 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)

	John Day Clarno Highlands
	7.0
	9.4

	John Day Clarno Uplands
	72.5
	63.2

	Melange 
	18.3
	24.7

	Mesic Forest Zone
	2.2
	2.7




B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population crosses three dams on the lower 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:  These 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 does not develop in some years, and the degree of differential survival is likely low and not well-understood, we rate the selection intensity as low.  Heritability of this trait is high, thus the hydropower rating for this trait is moderate risk.  
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 slightly more than 2% of the total population.  There may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is very limited tribal harvest of natural-origin fish within the John Day River subbasin; impacts from the recreational fishery are incidental to hatchery-origin fish harvest and are not selective.  No phenotypic traits appear to be at risk as a result of this activity.  The harvest rating is low risk for all traits.
Hatcheries:  There are no steelhead hatchery programs operated within the population; therefore, the hatchery rating is very low risk for all traits.
Habitat:  Altered flow profiles and increased temperatures have been in place for many generations and are ongoing; there is likely some selection on juvenile and adult migration timing.
Adult migration timing:  Low flows in the late summer and early fall in the John Day River likely expose adults that enter the river early to above normal mortality rates.  Adult migration timing is highly heritable, but a negligible proportion of the population is likely subject to these effects.  Thus, the impact of habitat changes on this trait is low risk.
Juvenile migration timing:  Late spring and early summer temperatures are elevated relative to historical conditions.  There has likely been some effect on juvenile migration timing as temperatures can reach stressful levels in the John Day River mainstem in late spring and early summer in some years.  Selection intensity is considered negligible and the heritability of this trait is moderate to low.  The rating for this trait is low risk.
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 during tern nesting season in May.  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 selective factor is low risk.
There is only one trait that has a moderate rating for one selective activity.  Therefore, the overall selectivity rating for this population is low risk.
Spatial Structure and Diversity Summary
The integrated spatial structure/diversity rating is Moderate Risk for the Upper Mainstem John Day River population (Table 3.2.5–4).  The rating for Goal A (allowing natural rates and levels of spatially mediated processes) was very low risk since the current distribution is nearly identical to the historic distribution. 
The rating for Goal B (maintaining natural levels of variation) was moderate risk.  This risk rating was a result of a moderate rating for changes in major life history strategies.  Additional genetics information needs to be assessed to determine current genetic variation and to examine for the degree of introgression of hatchery fish.  The population was rated as high risk for out-of-DPS hatchery strays based on a limited time series of composite John Day River population hatchery fish observation data.  Better population-specific spawner composition data are needed to better determine the out-of-DPS hatchery fraction.  If there is significant hatchery introgression which affects the genetic variation of this population through time, then the risk rating for Goal B will increase, and the overall risk rating for spatial structure/diversity will increase.
Table 3.2.5– 4.  Upper Mainstem John Day River steelhead population spatial structure and diversity risk rating.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

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

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

	A.1.c
	VL (2)
	VL (2)
	
	
	

	B.1.a
	M (0)
	M (0)
	Moderate Risk (0)
	Moderate Risk (0)
	

	B.1.b
	L (1)
	L (1)
	
	
	

	B.1.c
	L (1)
	L (1)
	
	
	

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

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

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

	B.2.a(4)
	VL (2)
	
	
	
	

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

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


Overall Viability Rating
The Upper Mainstem John Day River summer steelhead population does not currently meet the ICTRT criteria for viable status (Figure 3.2.5–7).  However, the population does meet criteria to be rated as MAINTAINED.  Overall abundance and productivity is rated at Moderate Risk.  The 10-year geometric mean abundance of natural-origin spawners is 524, which is only 52% of the minimum abundance threshold of 1,000.  The 20-year geometric mean productivity (2.14 R/S; Table 3.2.5–6) exceeds the minimum required productivity of 1.35 R/S at the abundance threshold and the lower end of the adjusted standard error is above the 25% risk level.  Overall spatial structure and diversity is also rated at Moderate Risk due to loss in life history diversity and high risk for spawner composition.  In order for this population to achieve a viable rating, an increase in abundance is required so that abundance/productivity risk is reduced to low risk. 
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Figure 3.2.5– 7.  Upper Mainstem John Day 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 – Upper Mainstem John Day River
Data type:  Redd count expansion - Index area redd counts expanded to total population estimate by applying ratio of average redd densities (samples across all areas to samples from index reaches) from EMAP surveys.  Assumed 2.1 fish per redd. 
Smolt-to-Adult Return rate (SAR):  Mid-Columbia composite series (see Methods). 
Table 3.2.5– 5.  Upper Mainstem John Day River steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bold values were used in estimating the current productivity (Table 3.2.5–6).
[image: ]

Table 3.2.5– 6.  Upper Mainstem John Day River steelhead population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
[image: ]
Table 3.2.5– 7.  Upper Mainstem John Day River steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
[image: ]
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[image: Plot shows natural returns (not adjusted for marine survival) versus total parent spawners.  Hockey Stick, Ricker, Beverton Holt and Random Walk fits are shown.]















Figure 3.2.5– 8.  Upper Mainstem John Day River summer steelhead population stock recruitment curves.  Bold points were used in estimating the current productivity.  Data were not adjusted for marine survival.


[image: Plot shows natural returns (adjusted for marine survival) versus total parent spawners.  Hockey Stick, Ricker, Beverton Holt and Random Walk fits are shown.]















Figure 3.2.5– 9.  Upper Mainstem John Day River summer steelhead 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 3.2.5–2) and fitting a capacity estimate to the data series.



[bookmark: _Toc201478220]  Literature Cited – John Day River MPG 

ICTRT (Interior Columbia Technical Recovery Team).  2007. Viability criteria for application to Interior Columbia basin salmonid ESUs. Draft report, March 2007.  91 pp + appendices & attachments.



[bookmark: _Toc201478221]Current Status Summary – Umatilla/Walla Walla Rivers MPG 
[image: umatillawwmpg]The Umatilla/Walla Walla Rivers MPG historically included four populations, three of which are currently extant (Figure 3.3–1).  One population, Willow Creek, is extirpated.  The Umatilla River is rated as large in size and complexity based on estimated historical intrinsic habitat potential, while the mainstem Walla Walla and Touchet River populations are in the intermediate size category.  All three populations have the Columbia Plateau as the dominant ecoregion.  Median spawning elevations for this MPG are relatively low (approximately 400-600m).
To achieve viable status in the Umatilla/Walla Walla Rivers MPG, the Umatilla River population (large size category) and either the Walla Walla River or Touchet River population must achieve viable status.  In addition, at least one population within an MPG should be at very low risk of extinction (highly viable) under the ICTRT recommended viability criteria.  The Umatilla/Walla Walla Rivers MPG is rated below viable status based on the current status assessments of the three extant populations within this group.  Individually, none of the three populations currently satisfy the ICTRT population level viability criteria for low risk (Table 3.3–1, Figure 3.3–2).Figure 3.3– 1.  Steelhead populations in the Umatilla/Walla Walla Rivers major population group (MPG).  See Table 3–1 for list of Map Population Codes.



Table 3.3– 1.  Viability assessment results for Mid-Columbia River steelhead populations in the Umatilla/Walla Walla Rivers 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
	

	Willow Creek
	Extinct
	0
	N/A
	0
	N/A
	Extinct
	N/A
	N/A
	N/A
	Extinct

	Umatilla River
	Extant
	1472
	1500
	1.50
	1.26
	Moderate
	Moderate
	Moderate
	Moderate
	Maintained

	Walla Walla River
	Extant
	650
	1000
	1.34
	1.35
	Moderate
	Moderate
	Moderate
	Moderate
	Maintained

	Touchet River
	Extant
	414
	1000
	1.19
	1.35
	Moderate?[footnoteRef:4] [4: Annual abundance data series for the Touchet River steelhead population is relatively short and has several missing years.  Productivity estimates of A/P rating are provisional and should be interpreted with caution.] 

	Low
	Moderate
	Moderate
	Maintained?



All three of the extant populations in this MPG are rated at moderate risk for abundance and productivity (A/P).  For each population, recent natural spawner abundance levels (10-year geometric mean) are below the minimum thresholds recommended by the ICTRT.  

The ICTRT metric for population current abundance is the most recent 10-year geometric mean of natural-origin spawner estimates.  The current abundance estimate for the Umatilla River population is just below the ICTRT minimum abundance threshold (Table 3.3-1).  The data series of population abundance estimates for the Umatilla River extends back to the 1977 return year.  The running 10-year geometric mean natural-origin spawning escapement fluctuated at levels just above the minimum abundance threshold through the early 1990s (Figure 3.3-3).  Relatively low annual returns in the 1990s brought the running geometric mean down below the minimum abundance threshold.  Substantial increases in returns during the early 2000s resulted in the more recent increasing trend in geometric mean natural-origin returns.  The return series for the Walla Walla and Touchet populations are relatively short and have missing values.  Based on the years with available data, natural-origin returns to the Walla Walla River exhibited a similar downturn in the 1990s as was observed for the Umatilla River, followed by a peak in returns in 2001.  The trend in natural-origin spawners in the Touchet River appears to be relatively flat, although there are missing data years during the most recent period when other stocks had peak returns. 
The point estimates of recent productivity levels are above the minimums for the Umatilla River and Walla Walla River populations.  Currently, the data series for the Touchet River is insufficient to generate a population-specific estimate.  Opportunities to improve A/P risk ratings for all three populations include mortality reductions at juvenile and adult life stages, improvements to effective capacity resulting from increased access to high quality habitat, or restoring degraded habitats. 
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Figure 3.3– 2.  Umatilla/Walla Walla River steelhead 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).

The composite spatial structure/diversity (SS/D) rating for all three of the extant populations in this MPG is moderate (Table 3.3–1, Figure 3.3–2).  The risk ratings for individual components of the SS/D risk ratings are summarized in Table 3.3–2.  The spatial processes component of the SS/D risk is moderate for both the Umatilla River and Walla Walla River populations as a result of reductions in the spatial extent of occupied habitat within each population, along with increases in the distance between occupied areas.  With respect to the diversity components of the SS/D ratings, the phenotypic traits criterion was rated at moderate risk for all three of the populations.  In addition, the Umatilla River and Walla Walla River populations received moderate risk ratings for loss of major life history strategies, inferred from flow and temperature changes limiting access for adults and movement patterns for juveniles and the loss of large production areas (MaSAs).  


Table 3.3– 2.  Summary of population level spatial structure and diversity (SS/D) criteria ratings for the Umatilla/Walla Walla MPG.  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 the overall population SS/D ratings.
	
Population
	Spatial Processes
	Diversity

	
	Structure
	Range
	Gaps
	Life History Patterns
	Traits
	Genetics
	Spawner Composition
	Ecoregion Distribution 
	Selectivity

	Umatilla
River
	L
	M
	M
	M
	M
	L
	H (a.1, a.4)
	L
	M

	Walla Walla
River
	L
	M
	M
	M
	M
	L
	M (a.1)
	VL
	M

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


(a.1):  Due to influence of naturally spawning hatchery-origin fish from out of the DPS.
(a.4):  Due to influence of naturally spawning hatchery-origin fish from within the population.
Spawner composition is an indirect diversity metric that can influence the overall SS/D rating at the population level.  The spawner composition component of the SS/D ratings for the Umatilla and Touchet River populations were assigned high spawner composition risk ratings.  The Touchet River rating was driven by estimated contribution rates in natural spawning areas by returns from releases of out-of-basin stock.  The Umatilla River spawner composition high risk component rating results from moderate risks for two elements: the proportion of out-of-basin strays and the proportional contribution rates of the in-basin hatchery program to natural spawning areas.  The Walla Walla River population was assigned a moderate risk rating for spawner composition based on estimated proportions of returns to natural spawning areas from out-of-basin stock releases into the mainstem Walla Walla River. 
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Figure 3.3– 3.  Umatilla/Walla Walla Rivers MPG summer steelhead population-level spawner abundance (annual total,annual natural-origin and 10-year geometric mean natural-origin).  Note different Y-axis scale for Umatilla River population.


[bookmark: _Toc201478222] Current Status Assessment – Umatilla River Summer Steelhead Population  
The Umatilla River summer steelhead population (Figure 3.3.1–1, 2) is one of three populations in the Umatilla/Walla Walla Rivers MPG within the Mid-Columbia River DPS. All three populations in this MPG are summer run.
[image: ]
Figure 3.3.1– 1.  Umatilla River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.
[image: MCUMACOREsteelhead-msa-landscape]
Figure 3.3.1– 2.  Umatilla River summer steelhead population boundary and core major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Umatilla River population as “large” in size and complexity (Table 3.3.1–1) based on historical habitat potential.  A steelhead population classified as large has a mean minimum abundance threshold of 1,500 natural-origin spawners with sufficient intrinsic productivity (≥ 1.26 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 Umatilla 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 1.53 recruits per spawner at the minimum abundance threshold.  The core production area for this population is the Umatilla River drainage (Figure 3.3.1–2).  The population as defined by the ICTRT includes production from small, relatively isolated tributaries to the mainstem Columbia River entering downstream of the Umatilla River.  Annual estimates of abundance for the downstream tributaries included as components of this population are not available.  The Umatilla River drainage contains sufficient intrinsic potential habitat by itself to meet the definition of a large population.  Given those considerations, the current abundance and productivity metrics for the Umatilla River are used to characterize abundance and productivity of the population.
Table 3.3.1– 1.  Umatilla River summer steelhead basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	10,457

	Stream lengths km (total) a
	2,322

	Stream lengths km (below natural barriers) a
	2,278

	Branched stream area weighted by intrinsic potential (km2)
	7.531

	Branched stream area km2 (weighted and temp. limited) b
	7.456

	Total stream area weighted by intrinsic potential (km2)
	9.070

	Total stream area weighted by intrinsic potential (km2) temp limited b
	3.415

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

	Number of major spawning areas (MaSAs)
	13

	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 mean weekly modeled water temperature was > 22oC.
Current Abundance and Productivity 
Current (1967 to 2004) total abundance (number of adult spawners in natural production areas) has ranged from 771 in 1998 to 5,172 in 2002 (Figure 3.3.1–3).  Spawner abundance estimates for natural and hatchery summer steelhead in the entire Umatilla River Basin were determined from complete counts of adult returns to Three Mile Falls Dam (TMFD) at river mile 3.7.  These counts did not include removals or mortality at and above the dam in all years except brood years (BY) 1984-1987.  Fish were enumerated using electronic counters (BY 1967-1983), trapping (BY 1988-2000), and a combination of trapping and video monitoring (BY 2001-present).  For BYs 1984-1987 abundance estimates were made with mark-recapture estimates.  Missing abundance data for BY 1971, 1972, and 1979 were reconstructed using the known mean brood age structure from BY 1991-1998 and all available counts of brood returns in years before and after the missing counts.  Counts in BY 1976 and 1978 were also incomplete but not reconstructed.  In these years, electronic counters only operated from 24 December – 31 May and 13 December – 9 March, respectively.  Age structure was determined by reading about 100-150 scales per year collected from adults returning in BY 1994-2004.  Missing run year age structure data before BY 1994 were estimated as the BY 1994-2004 mean age structure. 
Several sets of missing data for removals and mortalities at and above TMFD were estimated from the best available data.  Missing harvest removals were estimated from creel survey data collected from the non-tribal fishery from BY 1993-2004 and the tribal fishery from BY 1993-2001.  Harvest of hatchery fish from BY 1988-1992 was estimated as the mean percent harvest of the hatchery run passed above TMFD from the later time period (2.5% non-tribal and 6.4% tribal).  All harvested fish were assumed to be natural-origin before BY 1988.  For years when harvest of natural-origin fish was allowed in the non-tribal fishery (before BY 1993), harvest was estimated as mean percent catch of the natural-origin run passed above TMFD (6.8 %) (1993-2004) corrected by the mean percent of catch released (26%).  Tribal harvest for BYs 1967-1987 of hatchery and natural-origin steelhead was estimated as their respective mean percent harvest of their runs passed above TMFD (6.7% of the combined natural and hatchery run passed above TMFD).  Missing broodstock removals in BY 1981 and 1982 were estimated as one natural-origin fish collected for brood per 750 smolts produced based on the ratio of brood collected and smolts released in the early 1980s.  All 95 hatchery fish collected for brood in BY 1991 were assumed to have coded wire tags (CWTs) and were included in the total removal of 124 hatchery fish at TMFD for CWT recovery.
Recent year natural spawners include returns originating from naturally spawning parents, Umatilla River hatchery-origin fish and out-of-DPS spawners, primarily from the Snake River basin.  Natural-origin fish have comprised an average of 73% of natural spawners since documentation of hatchery returns began in 1988.  Since that time, the percentage of natural-origin spawners has ranged from 41% to 96%
[image: Spawner abundance etimates for the Umatilla Steelhead  population from 1967 to 2004.  Abundance estimates fluxuated around 1500 spawners from 1960 to 1998.  Since this period, population numbers have been increasing gradually.][image: Spawner abundance etimates for the Umatilla Steelhead  population from 1967 to 2004.  Abundance estimates fluxuated around 1500 spawners from 1960 to 1998.  Since this period, population numbers have been increasing gradually.]Abundance in recent years has been moderately variable.  The 10-year (1995-2004) geometric mean abundance of natural-origin spawners was 1,472 (2,347 total spawners).  During the period 1967-2000, recruits per spawner (R/S, in terms of spawner to spawner) for steelhead in the Umatilla River ranged from 0.3 in 1978 to 4.98 in 1998.  The annual R/S estimates were adjusted to reflect the average smolt-to-adult return rate (SAR).  The 20-year (1981-2000) geometric mean productivity was 1.50 R/S, adjusted for SAR and delimited at 75% (1,125 spawners) of the abundance threshold (Table 3.3.1–2).Figure 3.3.1– 3.  Umatilla River summer steelhead population spawner abundance estimates (1967-2004).

Table 3.3.1– 2.  Umatilla River summer steelhead population abundance and productivity.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	1472
	(592-3542)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.73
	(0.41-1.00)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (20-year R/S, SAR adjusted & delimited) a
	1.50
	(1.11-2.03)
	0.15

	Productivity (20-year Beverton-Holt fit, SAR adjusted) 
	n/a
	n/a
	n/a

	Trend Statistics (1980-2004)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	1.01
	(0.98-1.13)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	0.99
	(0.83-1.17)
	0.41

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	1.04
	(0.86-1.25)
	0.68


a. Delimited productivity excludes any recruit/spawner pair where the spawner number >75% of the population’s minimum abundance threshold.  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: ]The Umatilla River summer steelhead population is at Moderate Risk for abundance and productivity metrics. The productivity is at low risk because the point estimate is above the 5% risk level and the adjusted standard error is above the 25% risk level.  Abundance is at moderate risk because the point estimate is slightly below the 5% risk level (Figure 3.3.1–4).
The trend in annual spawner abundance has been slightly positive since 1983; the population growth rate metric with no adjustment for relative hatchery effectiveness is 0.99.  Annual variations in the estimated annual numbers of steelhead spawners in the Umatilla River fluctuated considerably over the 1980-2005 period.  The general timing of peaks and declines in annual spawning numbers is similar to many other Mid-Columbia DPS steelhead populations—peak in the mid-1980s, increasing returns beginning in 2000 followed by an abrupt decline to early 1980s levels.  The relative effectiveness of hatchery-origin spawners in this basin is not known.  Hatchery proportions on the spawning grounds have averaged 27% over the recent period.  As a sensitivity analysis, we recalculated the recent average population growth rate after setting the assumed relative hatchery effectiveness value to 0.0.  The average population growth rate generated from the sensitivity model run was 1.04.Figure 3.3.1– 4.  Umatilla River summer steelhead population current abundance/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 has identified 13 historic major spawning areas (MaSAs) and 3 minor spawning areas (MiSAs) within the Umatilla River summer steelhead population.  In addition, two MaSAs (Alder Creek and Glade Creek) and one MiSA (Fourmile Canyon) are direct tributaries to the Columbia River on the Washington side and were included in the Umatilla River population.  We do consider these areas in the assessment of spatial structure/diversity for the Umatilla River steelhead population (Figure 3.3.1–5).  Current spawning distribution is somewhat limited relative to historic and is concentrated in Birch Creek, Iskulpa Creek, Meacham Creek, Upper Umatilla River, and the North and South Forks of the Umatilla River.  There is documented recent year spawning in both Glade Creek and Alder Creek subbasins (Yakama Indian Nation Fisheries Program 2005); however, we are uncertain if the distribution of spawners and the frequency of use meet the occupancy criteria.
Spawners within the Umatilla River population include natural-origin returns, hatchery-origin returns of Umatilla River origin broodstock, and hatchery strays primarily originating from the Snake River basin.  Hatchery-origin fish comprise a significant proportion of the naturally spawning fish in most recent years.
[image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  Butter Creek has the greatest proportion of 13 major spawning areas at 27%.  Nearly all of the spawning areas within this population (with the exception of Upper Umatilla and Meacham) contain significant portions that may have had historical temperature limitations.
]
Figure 3.3.1– 5.  Umatilla River summer steelhead 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 Umatilla River population has 13 MaSAs and 3 MiSAs which are distributed in a complex dendritic pattern.  Historically the major production areas included Butter Creek, Meacham Creek, McKay Creek, Iskulpa Creek, Birch Creek, and the middle and upper Umatilla River.  Spawning distribution has been reduced significantly from the intrinsic historic distribution.  Currently 8 of the 13 MaSAs are occupied.  The Butter Creek, Lower Umatilla, Lower Middle Umatilla, and McKay MaSAs are unoccupied.  One of the three MiSAs is currently occupied (Cottonwood Creek).  Figure 3.3.1–6 shows both Alder and Glade MaSAs as unoccupied; however, recent information indicates that these MaSAs may be occupied.  The map has not been updated because the actual spawner distribution has not been determined.  Although there has been a significant reduction in spawner distribution, the Umatilla River population rates at low risk because it has more than four occupied MaSAs in a dendritic configuration.  We have rated this metric as low risk instead of very low risk because of the uncertainty in occupancy of the Alder and Glade MaSAs.
A.l.b.  Spatial extent or range of population
The current spawner distribution is reduced substantially from the intrinsic distribution.  Based on the Oregon Department of Fish and Wildlife (ODFW) spawner database and the Washington Department of Fish and Wildlife (WDFW) information, 8 of 13 (61.5%) MaSAs are currently occupied and only 1 of 3 (33.3%) MiSAs is occupied (Figure 3.3.1–6).  The spatial extent and range of spawning distribution has been reduced to an extent that this population rates as moderate risk for this metric.  There are 12 index area spawning survey sites in the Umatilla River population.  Recent survey results will be analyzed for use in future viability assessments.
[image: MCUMAsteelhead-use-landscape-ver2]
Figure 3.3.1– 6.  Umatilla River summer steelhead population current spawning distribution and spawning area occupancy designations.
A.1.c.  Increase or decrease in gaps or continuities between spawning aggregates
There has been a change in gaps and continuity as a result of the loss of spawning in the McKay Creek and Lower Middle Umatilla River drainages as well as very limited production in the lower portion of the Butter Creek MaSA.  Although some spawning occurs in lower Butter Creek, habitat conditions are such that no significant sustained production occurs.  Due to the low level of production in Butter Creek it does not serve any connectivity role within or between populations.  In addition, less than 75% of the intrinsic MaSAs are currently occupied, thus the rating is moderate risk for this metric.  
B.1.a.  Major life history strategies
We have no observational data to allow any direct comparisons of historic and current life history strategies.  Therefore, we have used EDT (Ecosystem Diagnosis and Treatment) analyses and habitat conditions to infer loss of life history strategies.  Flow and temperature changes in the Umatilla River basin have limited movement patterns for both juvenile and adult steelhead.  Juvenile steelhead cannot move into some mainstem rearing reaches above McKay Creek for over-summer rearing due to high temperatures.  Adults are unable to enter the Umatilla River in early fall in many years because of the lack of flow as well as high water temperatures.  Large areas, such as Butter and McKay Creek drainages, no longer support production.  Flow enhancement projects have improved conditions for adult fall migration and summer rearing, particularly below McKay Creek.  Past habitat changes have undoubtedly reduced diversity in life history pathways.  However, it does not appear that any major pathways have been lost, and improved fall flows have provided conditions allowing adult migration throughout the fall season.  The Umatilla River summer steelhead population still exhibits a diverse age structure, including multiple ages at smolt migration, multiple years of ocean residence, and repeat spawning.  The population rated at moderate risk because all pathways exist but there has been significant reduction in variability and changes in distribution.
B.1.b.  Phenotypic variation
We have no data to assess loss or substantial change is phenotypic traits, therefore we infer based on habitat changes.  The changes in flow patterns and temperature profile within the Umatilla River and the mainstem Columbia River have likely resulted in reduced variation in adult and juvenile migration patterns.  Juveniles have a much narrower window to successfully migrate out of the Umatilla River in the spring because water temperatures increase earlier than historically.  Even though flow enhancement has improved conditions for adult fall migration, the run-timing distribution is likely truncated from historic.  Adults cannot enter the river in early fall in some years because of flow and temperature limitations.  We have rated the Umatilla River population at moderate risk because two or more phenotypic traits have changed.
B.1.c.  Genetic variation
The genetics data for Umatilla River summer steelhead indicate that there is significant within-population variation between Umatilla River steelhead and other populations in the MPG (Touchet River and Walla Walla River).  In addition, the within-population diversity shows no indication of impairment.  The hatchery fish are similar to natural-origin fish as expected, since they are offspring of natural-origin fish.  There are out-of-DPS spawners, primarily from Snake River stocks, spawning naturally in the Umatilla River basin.  Given the degree of genetic variation, the Umatilla River population rated at low risk for this metric.  Given that the genetics samples used in the analyses were collected in the mid-1980s prior to significant hatchery influence, the genetic analyses need to be updated with recent samples.
B.2.a.  Spawner composition
(1)  Out-of-DPS spawners:  A significant number of out-of-DPS spawners enter the Umatilla River.  Estimates of out-of-DPS spawners are based on expanded CWT recoveries of hatchery fish at TMFD.  From 1993-2004, out-of-DPS spawners have comprised from 1.8-9.7% (mean = 4.8%) of the fish that arrived at TMFD.  These strays are not selectively removed because they are not distinguishable from Umatilla Hatchery supplementation steelhead.  Given the length of time of influence and the hatchery fraction, we have rated the Umatilla River population at moderate risk for out-of-DPS spawners.  This risk rating assumes that strays were present at a similar rate for the past three generations and that the proportion observed at TMFD represents proportions on the spawning grounds.
(2)  Out-of-MPG spawners from within the DPS:  There have been few, if any, out-of-MPG within-DPS spawners recovered in the Umatilla River basin, thus the rating is very low risk for this metric.
(3)  Out-of-population spawners from within the MPG:  There are two out-of-population within-MPG hatchery programs which could provide stray fish to the Umatilla River: Lyons Ferry Fish Hatchery releases in the Walla Walla River and Touchet River hatchery fish.  No strays from these two programs have been observed.  The rating is very low risk for this metric.
(4)  Within-population hatchery spawners:  The Umatilla River population is supplemented annually with hatchery fish produced from natural-origin broodstock collected at TMFD.  The supplementation program has been ongoing since the late 1980s.  Since 1993, Umatilla Hatchery fish have comprised an average of 29.4% of the naturally spawning fish.  We characterize this program as using “best management practices” based on the following:
· Most of the broodstock collected annually are natural-origin fish.
· Mating protocols provide for a high number of family groups annually.
· There presently is no culling or grading of parr or smolts.
· Hatchery smolts are released in localized areas of the middle and upper mainstem.
· There does not appear to be any genetic differentiation between hatchery and natural-origin fish.
Given that best practices are used, the average hatchery fraction is 29%, and the program has been underway for three generations, the rating is moderate risk for within-population hatchery fish.
The spawner composition rating is high risk due to the moderate risk ratings for both the out-of-DPS spawners and the within-population hatchery proportions.
B.3.a.  Distribution of population across habitat types
The intrinsic potential distribution encompasses seven ecoregions, four of which account for at least 10% of the distribution (Figure 3.3.1–7, Table 3.3.1–3).  There has been only one significant shift greater than 67% in the ecoregion distribution (Pleistocene Lake Basins).  This population rates at low risk.
[image: MCUMAsteelhead-eco-landscape-ver2]
Figure 3.3.1– 7.  Umatilla River steelhead population spawning distribution across EPA level IV ecoregions.


Table 3.3.1– 3.  Umatilla River 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)

	Umatilla Plateau
	32.4
	27.0

	Pleistocene Lake Basins
	25.0
	6.2

	Yakima Folds
	5.3
	0.0

	Deep Loess Foothills
	2.7
	1.2

	Umatilla Dissected Uplands
	15.3
	19.3

	Maritime-influenced Zone
	17.7
	42.9

	Mesic Forest Zone
	1.7
	3.4



B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population passes three dams on the lower 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. 
Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring as temperatures rise and flow decreases, causing increased travel time, increased energy expenditure and greater physiological stresses.  Given the number of dams that this population must cross, and likely increased mortality as the season progresses, overall selection intensity 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.
Adult migration timing:  Umatilla River adult migrants are affected by thermal blocks that are larger in size and longer in duration relative to historic conditions in the Columbia River system.  These result in delays, likely result in increased energy expenditure (due to increased temperatures) and may result in increased straying.  Adult migration timing is highly heritable.  The proportion of fish in the population affected is relatively unknown, although the effect likely results in low mortality.  The effect is highly variable from year to year and in some years no thermal barriers develop.  We rated the selection intensity as low.  Thus, 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 only slightly more than 2% of the total population.  There may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is very limited tribal harvest of natural-origin fish within the Umatilla River subbasin and impacts from the recreational fishery are incidental to hatchery fish harvest.  No phenotypic traits appear to be at risk as a result of this activity.  The harvest rating is low risk for all traits.
Hatcheries:  Hatchery broodstock collection has the potential to disproportionately remove specific fish (e.g., of a certain size or timing) from the wild population.  The Umatilla River summer steelhead hatchery program is operated to provide hatchery fish for harvest and to supplement natural production.  Broodstock are collected at TMFD.  Typically, 100 natural-origin and 20 hatchery-origin fish are collected for broodstock.  Broodstock are collected representatively so that their run-timing, sex, and age of broodstock mimic that of the total run at TMFD.  We are uncertain of the degree of substructure within the basin or if there are different characteristics between spawning aggregates in the basin.  If life history characteristics differ between different aggregates, there is the possibility that collection of broodstock representing TMFD timing may be differentially impacting spawning aggregates.  However, 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.  The hatchery rating is low risk for all traits.
Habitat:  Altered flow profiles and increased temperatures, which have been in place for many generations and are ongoing, likely impose some selection on juvenile and adult migration timing.
Juvenile migration timing:  Late spring and early summer temperatures are substantially elevated relative to historical conditions.  There has likely been some impact on juvenile migration timing as temperatures reach stressful levels early in the summer, essentially truncating migration timing.  Heritability of this trait is moderate to low and the selection intensity is assumed to be low, thus the habitat rating for this trait is low.
Adult migration timing:  Late summer and early fall flows are often low in the Umatilla River and likely expose adults that enter the river early to above normal mortality rates.  Adult migration timing is highly heritable but a relatively low proportion of the population is likely subject to these effects, and we rated the selection intensity as moderate.  Thus, the impact of habitat changes on this trait is moderate. 
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 during tern nesting season in May.  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 selective factor is low risk.
The adult migration timing trait has two moderate ratings and the juvenile migration timing trait has one moderate rating.  Therefore, the overall selectivity rating for the Umatilla River steelhead population is moderate risk.
Spatial Structure and Diversity Summary
The integrated spatial structure/diversity rating is Moderate Risk (Table 3.3.1–4) for the Umatilla River summer steelhead population.  The rating for Goal A (allowing natural rates and levels of spatially mediated processes) was moderate risk.  There has been significant reduction in spawner distribution relative to intrinsic potential distribution.  This reduction has caused significant increases in gaps between spawning areas as well as disrupted continuity.  
The rating for Goal B (maintaining natural levels of variation) was moderate risk.  Habitat changes have been significant in the Umatilla River basin resulting in changes to flow profiles and elevated temperatures.  These changes have resulted in impacts to life history diversity and phenotypic trait variation.  The out-of-DPS spawners in combination with local origin hatchery fish spawning naturally put the population at high risk for spawner composition.  Hydrosystem effects and within-basin habitat changes have likely resulted in selective mortality of the adult run timing phenotypic trait, resulting in a moderate risk rating for the selectivity metric.
Table 3.3.1– 4.  Umatilla River summer steelhead population spatial structure and diversity risk rating summary.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	L (1)
	L (1)
	Moderate Risk
(Mean = 0.33)
	Moderate Risk
(Mean = 0.33)
	Moderate Risk

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

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

	B.1.a
	M (0)
	M (0)
	Moderate Risk (0)
	Moderate Risk (0)
	

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

	B.1.c
	L (1)
	L (1)
	
	
	

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

	B.2.a(2)
	VL (2)
	
	
	
	

	B.2.a(3)
	VL (2)
	
	
	
	

	B.2.a(4)
	M (0)
	
	
	
	

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

	B.4.a
	M (0)
	M (0)
	M (0)
	
	





Overall Viability Rating 
The Umatilla River summer steelhead population does not meet viability criteria.  However, the population does meet criteria to be rated as MAINTAINED (Figure 3.3.1–8).  Overall abundance and productivity is rated at Moderate Risk.  The 10-year geometric mean abundance of natural-origin spawners is 1,472, which is 98.1% of the minimum abundance threshold of 1,500.  The 20-year geometric mean productivity is 1.50 R/S with the lower end of the adjusted standard error above the 25% risk level.  This productivity exceeds the minimum intrinsic productivity criteria of 1.26 R/S, thus placing the productivity at low risk.  Overall spatial structure and diversity is also rated at Moderate Risk.  Improvement in many of the spatial structure/diversity metrics and a small increase in the average abundance will raise the population to viable status.  	
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Figure 3.3.1– 8.  Umatilla 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 – Umatilla River Summer Steelhead Population
Data type: Estimated number of annual spawners estimated based on annual counts at Three Mile Falls Dam in the lower Umatilla River.  Natural-origin proportion estimated based on hatchery and natural-origin counts, adjusted for removals or mortalities above the dam. 
SAR:  Mid-Columbia SAR index (incorporates the Deschutes, Umatilla, Snake, and Upper Columbia River steelhead series).
Table 3.3.1– 5.  Umatilla River steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bold values were used in estimating the current productivity (Table 3.3.1–6).
[image: ]

Table 3.3.1– 6.  Umatilla River steelhead population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
[image: ]
Table 3.3.1– 7.  Umatilla River steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey (included for comparison only - not used in the assessment of current abundance/productivity).
[image: ]
[image: Plot shows natural returns (no adjusted for marine survival) versus total parent spawners.  Hockey Stick, Ricker, Beverton Holt and Random Walk fits are shown.]
















Figure 3.3.1– 9.  Umatilla River summer steelhead population stock recruitment curves.  Bold points were used in estimating the current productivity.  Data were not adjusted for marine survival.

[image: Plot shows natural returns (adjusted for marine survival) versus total parent spawners.  Hockey Stick, Ricker, Beverton Holt and Random Walk fits are shown.]
















Figure 3.3.1– 10.  Umatilla River summer steelhead 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 3.3.1–2) and fitting a capacity estimate to the data series.



[bookmark: _Toc201478223] Current Status Assessment – Walla Walla River Summer Steelhead Population    
The Walla Walla River summer steelhead population (Figure 3.3.2–1) is one of three populations in the Umatilla/Walla Walla Rivers MPG within the Mid-Columbia River DPS.  All three populations in this MPG are summer run.
[image: WWMAIsteelhead-msa-landscape]
Figure 3.3.2– 1.  Walla Walla River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Walla Walla River population as “intermediate” in size and complexity based on historical habitat potential (Table 3.3.2–1).  A steelhead population classified as intermediate has a mean minimum abundance threshold of 1,000 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 Walla Walla 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 1.64 recruits per spawner at the minimum abundance threshold.
 Table 3.3.2– 1.  Walla Walla River summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	2,988

	Stream lengths km (total) a
	1,147

	Stream lengths km (below natural barriers) a
	1,111

	Branched stream area weighted by intrinsic potential (km2)
	2.448

	Branched stream area km2 (weighted and temp. limited) b
	0.774

	Total stream area weighted by intrinsic potential (km2)
	3.711

	Total stream area weighted by intrinsic potential (km2) temp limited b
	0.907

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

	Number of major spawning areas (MaSAs)
	3

	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 mean weekly modeled water temperature was > 22oC.
Current Abundance and Productivity 
Current (1993 to 2003) total spawner abundance (number of adult spawners in natural production areas) has ranged from 421 in 1999 to 1,811 in 2002 (Figure 3.3.2–2).  Abundance of natural-origin summer steelhead in the portion of the Walla Walla River basin above Nursery Bridge Dam (NBD; North Fork, South Fork, and Couse Creek) was determined from counts of adult returns to NBD at river mile 44.  These counts did not include removals or mortality at and above the dam.  Fish were enumerated using trap counts and mark-recapture methods from brood years (BY) 1993-2001, and video counts in BY 2002, 2003, and 2005.  Mark-recapture methods were used to account for fish that jumped the dam.  Mark-recapture methods were discontinued following dam modifications that are thought to prevent fish from jumping the dam (T. Bailey, Oregon Department of Fish & Wildlife, personal communication).  Almost all hatchery fish trapped at NBD were removed during BY 1993-1999.  The BY 2003 count (547) was incomplete as the west side ladder was opened from February 21 through March 11 due to passage problems with the east side ladder.  Fish passing through the west bank ladder were not counted.  The number of uncounted fish in BY 2003 was estimated as the mean percent of the run that passed NBD from February 21-March 11 during BY 1993-2001 (12.3%).  The percent of the run passing NBD during that time period ranged from 5.4 % to 18.7% during BY 1993-2001.  Counts were not available for BY 2004 because video equipment was inoperable during most of the migration season.  Missing abundance data for BY 2004 were reconstructed using mean brood age structure estimated from BY 1991-1998 data and all available counts of brood returns in years before and after the 2004 missing count.  Age structure was determined by scale analyses from adults returning in 1993-1995.  Missing run year age structure data after 1995 were estimated as the 1993-1995 mean age structure.  Origin (natural or hatchery) could not be determined from video monitoring (2002-2005) and was estimated as the 1993-2001 mean percent of natural (96.4%) and hatchery (3.6%) origin fish in the run to NBD.  Spawner abundance for the entire Walla Walla River natural-origin summer steelhead population was estimated by expanding abundance of spawners above NBD by a factor of 1.503.  The expansion estimate was developed from the ratio of current smolt capacity of the entire population divided by the current smolt capacity above NBD.  The current smolt capacity estimates were developed based on Ecosystem-Diagnosis-Treatment (EDT) analyses of current conditions.  Harvest removals were not factored into the estimate of spawning escapement above NBD.  Tribal and non-tribal fishing pressure is thought to be minimal (T. Bailey, personal communication).  Recreational angling was prohibited from 1996-2002 and limited to retention of hatchery-origin fish after 2002.
Recent natural spawners include returns originating from naturally spawning adults and from outside-DPS spawners that originate from Lyons Ferry Hatchery releases in the lower Walla Walla River.  Natural-origin fish have comprised an average of 98% over the 11 years of available data.  Throughout the period, the percentage of natural-origin fish has ranged from 95.4% to 99.8%.[image: ]Abundance in recent years has been moderately variable.  The 10-year (1996-2005) geometric mean abundance of natural-origin spawners was 650 (Table 3.3.2-2).  During the period 1993-2000, recruits per spawner (R/S, in terms of spawner to spawner) for steelhead in the Walla Walla River ranged from 0.39 in 1993 to 2.65 in 1998.  The annual R/S estimates were adjusted to reflect the average smolt-to-adult return rate (SAR).  The 8-year (1993-2000) geometric mean productivity was 1.34 R/S, adjusted for SAR and delimited at 75% (750 spawners) of the abundance threshold (Table 3.3.2–2).Figure 3.3.2– 2.  Walla Walla River summer steelhead population spawner abundance estimates (1993-2005).



Table 3.3.2– 2.  Walla Walla River summer steelhead population abundance and productivity estimates.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	650
	(270-1746)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.98
	(0.95-1.00)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (8-year R/S, SAR adjusted & delimited) a
	1.34
	(1.05-1.71)
	0.12

	Productivity (8-year Beverton-Holt fit, SAR adjusted) 
	n/a
	n/a
	n/a

	Trend Statistics (1980-2005) c
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	n/a
	
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	n/a
	
	

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	n/a
	
	


a. Delimited productivity excludes any recruit/spawner pair where the spawner number >75% of the population’s minimum abundance threshold.  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: ]c. Insufficient data series to calculate 1980- 2005 trend metrics. 
The Walla Walla River summer steelhead population is at Moderate Risk based on current abundance and productivity.  The point estimate falls between the 5% and 25% risk curves (Figure 3.3.2–3).  The moderate risk rating should be viewed with caution given two considerations:  1) the time series is short, with only eight brood years, and there is considerable uncertainty if the data adequately represent the true value; and 2) there is considerable uncertainty associated with the amount of spawning and production that occurs within the population outside of the area above Nursery Bridge Dam, particularly in Mill Creek.  Better information relating abundance above Nursery Bridge Dam to the remaining area in the population is needed to reduce this data uncertainty.   Figure 3.3.2– 3.  Walla Walla River summer steelhead population current abundance/productivity (A/P) compared to the DPS viability curve.  Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A/P.

The natural-origin spawner abundance series for the Walla Walla steelhead population was initiated in 1993; therefore it was not possible to calculate the 1980-present trend metrics.  The general pattern over the 1993 to 2005 period is similar to the patterns in returns over the same period for other Mid-Columbia DPS steelhead populations: declining annual abundance followed by a short increasing trend beginning in 1999 and then an abrupt decline after 2003.  
Spatial Structure and Diversity 
The ICTRT has identified three historic major spawning areas (MaSAs) and two minor spawning areas (MiSAs) within the Walla Walla River steelhead population (Figure 3.3.2–4).  Two small watersheds, which are classified as MiSAs and which empty directly into the Columbia River below the Walla Walla River confluence, are included in the Walla Walla population boundaries (Juniper Canyon, OR and Switzler, WA).  Current spawning distribution is substantially reduced relative to the historic intrinsic distribution.  Current production is concentrated in the North and South Fork Walla Walla River, Couse Creek, Mill Creek and Dry Creek (WA).  It should be noted that the map does not show Yellowhawk Creek, which runs between Mill Creek and Cottonwood Creek, and there is spawning in the lower reaches of Yellowhawk Creek.  Spawners within the Walla Walla population are primarily natural-origin fish with a small proportion of hatchery strays which are Snake River-origin fish produced at Lyons Ferry Hatchery and released into the lower Walla Walla River.  Hatchery fish were removed at NBD by trapping until 1999 when it was discontinued and replaced with video monitoring.  Currently, hatchery fish pass above NBD to spawn naturally.
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Figure 3.3.2– 4.  Walla Walla 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 Walla Walla River population has three MaSAs and two MiSAs distributed in a dendritic pattern.  Historically, major production areas included Pine Creek, South Fork Walla Walla River, North Fork Walla Walla River, Mill Creek, Cottonwood Creek and Dry Creek (WA).  Spawning distribution has been reduced significantly relative to historic distribution.  Currently two of three of the MaSAs are occupied, including Walla Walla and Mill.  Spawning and rearing do not occur in the Pine Creek MaSA.  One of two MiSAs is occupied—Dry Creek.  Even though there has been significant reduction in distribution, the population rated at low risk because it has two MaSAs occupied in a dendritic pattern.
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Figure 3.3.2– 5.  Walla Walla River summer steelhead population current spawning distribution and spawning area occupancy designations.


A.l.b.  Spatial extent or range of population
Based on comparisons of the current spawner distribution databases from the Oregon Department of Fish and Wildlife (ODFW) and the Washington Department of Fish and Wildlife (WDFW) with the intrinsic distribution, there has been substantial reduction in the range.  Currently two of three MaSAs (67%) and one of two MiSAs (50%) are occupied (Figure 3.3.2–5).  Due to the significant reduction, the population is rated at moderate risk because less than 75% (but greater than 50%) of the historical MaSAs are currently occupied.  There are limited spawning survey data to evaluate occupancy for this population.  Additional spawning survey data needs to be collected to improve future viability assessments.
A.1.c.  Increase or decrease in gaps or continuities between spawning aggregates
There have been significant changes in gaps and continuity as a result of the loss of spawning in the Pine Creek MaSA and the Switzler MiSA.  The loss of occupancy in these areas has increased the distance between the Walla Walla population and other Mid-Columbia DPS steelhead populations.  Due to these considerations, and because less than 75% of the historical MaSAs are occupied, the population is rated at moderate risk for this metric.
B.1.a.  Major life history strategies
We have no data to allow any direct comparisons between historic and current life history strategies.  Flow and temperature changes and barriers in the Walla Walla River basin have limited movement patterns of juvenile and adult steelhead during recent decades.  Juvenile steelhead are unable to use many of the mainstem areas during the summer months due to high temperatures and low flows.  Adults are unable, in some years, to enter the Walla Walla River in early fall.  These types of changes have likely resulted in reduced life history diversity.  However, it does not appear that any major life history pathways have been lost.  The age structure and run-timing of adults is within the range observed for other summer steelhead populations.  The population exhibits multiple ages of smolt out-migration and ocean residence time, as well as repeat spawners.  The habitat changes have likely resulted in significant reduction in variability as well as a change in distribution of life history pathways, thus we have rated the population at moderate risk for this metric.
B.1.b.  Phenotypic variation
There are no data to assess loss or substantial change in phenotypic traits, therefore we infer from habitat changes.  The changes in flow patterns and temperature profile within the Walla Walla River, as well as the effects of adult passage barriers, have likely resulted in reduced adult and juvenile phenotypic traits.  Juveniles have narrower windows for successful out-migration through the Walla Walla River as well as through the Columbia River.  Adults cannot enter and migrate through the Walla Walla River during late summer and early fall in some years due to temperature limitations.  The Walla Walla population rated at moderate risk because of likely change in mean and variability of two or more phenotypic traits.
B.1.c.  Genetic variation
The genetic information for the Walla Walla population demonstrates levels of within and between-population differentiation that are healthy and do not indicate any substantial change from likely historical condition.  In addition, there is little signal of introgression of outside-DPS hatchery fish which are known to be present in spawning areas.  The population rated at low risk for genetic variation.
B.2.a.  Spawner composition
(1) Out-of-DPS spawners:  There are out-of-DPS spawners present in the population that originate from Lyons Ferry hatchery releases into the mainstem Walla Walla River.  Until 1999, wandering hatchery fish destined for the upper Walla Walla River basin were removed at Nursery Bridge Dam.  Since that time, hatchery fish have passed upstream to spawn naturally.  The removal of these out-of-basin hatchery-origin fish had reduced the hatchery proportion and the risk to the natural population.  We estimated that about 2% of the natural spawners have been out-of-basin hatchery-origin fish for recent generations.  With 2% out-of-DPS spawners for the past three generations the population is rated at moderate risk.  It should be noted that two management actions may influence the future proportion of the out-of-DPS spawners.  Annual smolt releases from Lyons Ferry Hatchery have been reduced substantially which will reduce the source of hatchery adults.  On the other hand, hatchery fish are no longer removed at Nursery Bridge Dam which results in an increase in the proportion of hatchery spawners above this location.  The overall effect of these two offsetting management changes is unknown.
(2) Out-of-MPG spawners from within the DPS:  There are no documented out-of-MPG within-DPS strays in this population, so the rating is very low risk for this metric.
(3) Out-of-population spawners within the MPG:  There are no documented out-of-population within-MPG strays, so the rating is very low risk for this metric.  However, this risk rating may increase in the future due to potential within-population Touchet River hatchery strays.
(4) Within-population hatchery spawners:  There is no within population hatchery program, so the population is rated at very low risk for this metric.
The overall spawner composition rating is moderate risk due to the moderate risk of out-of-DPS hatchery strays spawning naturally in this population.
B.3.a.  Distribution of population across habitat types
The intrinsic potential distribution of the Walla Walla River population encompassed six ecoregions, of which four accounted for 10% or more of the ecoregion distribution (Figure 3.3.2–6, Table 3.3.2–3).  Within these four ecoregions there have been no significant changes in the proportions from the historic intrinsic to the current distribution.  The population is rated at very low risk because all historical ecoregions are occupied, there are more than four currently occupied, and there have been no substantial changes in ecoregion occupancy (Table 3.3.2–3).
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Figure 3.3.2– 6.  Walla Walla River summer steelhead population spawning distribution across EPA level IV ecoregions.

Table 3.3.2– 3.  Walla Walla 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)

	Deep Loess Foothills
	19.0
	30.4

	Loess Islands
	8.0
	0.9

	Maritime-Influenced Zone
	11.1
	18.8

	Mesic Forest Zone
	4.6
	6.6

	Pleistocene Lake Basins
	45.9
	25.8

	Umatilla Dissected Uplands
	11.3
	17.6



B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population passes four dams on the lower 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. 
Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring as temperatures rise and flow decreases, causing increased travel time, energy expenditure and physiological stress.  Given the number of dams that this population must cross, and likely increased mortality as the season progresses, overall selection intensity 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.
Adult migration timing:  Adult migrants are affected by thermal blocks that are larger in size and longer in duration relative to historic conditions in the Columbia River system.  These result in delays, likely result in increased energy expenditure (due to increased temperatures) and may result in increased straying.  Adult migration timing is highly heritable.  The proportion of fish in the population affected is relatively unknown, although the effect likely results in low mortality.  The effect is highly variable from year to year and in some years no thermal barriers develop.  We rated the selection intensity as low.  Thus, 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 slightly greater than 2% of the largest fish in the population.  There may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the selection intensity is low enough to be negligible.  There is very limited tribal harvest of natural-origin fish within the Walla Walla River subbasin and impacts from the recreational fishery are incidental to hatchery fish harvest.  No phenotypic traits appear to be at risk as a result of this activity.  The harvest rating is low risk for all traits.
Hatcheries:  No natural-origin adults are collected for broodstock within the population; therefore, the hatchery rating is low risk for all traits.  
Habitat:  Altered flow profiles and increased temperatures, which have been in place for many generations and are ongoing, likely impose some selection on juvenile and adult migration timing.
Juvenile migration timing:  Late spring and early summer temperatures are elevated relative to historical conditions.  There has likely been some effect on juvenile migration timing as temperatures reach stressful levels early in the summer.  Juvenile migration timing has likely been truncated; however we are uncertain of the degree of change.  Heritability of this trait is moderate to low, and the selection intensity is assumed to be low, therefore the impact of habitat changes on this trait is low.
Adult migration timing:  Late summer and early fall flows are often low in the Walla Walla River and likely expose adults that enter the river early to above normal mortality rates.  Adult migration timing is highly heritable but a relatively low proportion of the population is likely subject to these effects, and we rated the selection intensity as moderate.  Thus, the impact of habitat changes on this trait is moderate.
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 during tern nesting season in May.  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 selective factor is low risk.
The adult migration timing trait has two moderate ratings and the juvenile migration timing trait has one moderate rating.  Therefore, the overall selectivity rating for the Walla Walla River steelhead population is moderate risk.

Spatial Structure and Diversity Summary
The integrated spatial structure/diversity rating for the Walla Walla River summer steelhead population is Moderate Risk (Table 3.3.2–4).  The rating for Goal A (allowing natural rates and levels of spatially mediated processes) was moderate risk.  There has been significant reduction in spawner distribution which has resulted in increased gaps and loss of continuity within the population and between the Walla Walla population and other Mid-Columbia DPS steelhead populations.  
The rating for Goal B (maintaining natural levels of variation) was moderate risk.  Water temperature and hydrograph changes as well as barriers have likely influenced life history diversity and phenotypic expression.  Out-of-DPS spawners have put the population in the moderate risk category for the spawner composition metric.  Hydrosystem effects and within-basin habitat changes have likely resulted in selective mortality of the adult run timing phenotypic trait, resulting in a moderate risk rating for the selectivity metric.
Table 3.3.2– 4.  Walla Walla River summer steelhead population spatial structure and diversity risk rating.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	L (1)
	L (1)
	Moderate Risk
(Mean = 0.33)
	Moderate Risk
(Mean = 0.33)
	Moderate Risk

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

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

	B.1.a
	M (0)
	M (0)
	Moderate Risk (0)
	Moderate Risk (0)
	

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

	B.1.c
	L (1)
	L (1)
	
	
	

	B.2.a(1)
	M (0)
	Moderate Risk (0)
	Moderate Risk (0)
	
	

	B.2.a(2)
	VL (2)
	
	
	
	

	B.2.a(3)
	VL (2))
	
	
	
	

	B.2.a(4)
	VL (2)
	
	
	
	

	B.3.a
	VL (2)
	VL (2)
	VL (2)
	
	

	B.4.a
	M (0)
	M (0)
	M (0)
	
	






Overall Viability Rating 
The Walla Walla River summer steelhead population does not meet viability criteria.  However, the population does meet ICTRT criteria to be rated as MAINTAINED (Figure 3.3.2–7).  Overall abundance and productivity is rated at Moderate Risk.  The 10-year geometric mean abundance of natural-origin spawners is 650, which is 65% of the minimum abundance threshold of 1,000.  The 8-year geometric mean productivity (1.34 R/S; Table 3.3.2–6) is nearly at the 1.35 R/S minimum required at the abundance threshold.  However, there is considerable uncertainty due to the short time series.  Analysis of additional brood years will be critical to demonstrating sustained recruits per spawner and abundance values above the low risk criteria level.  Overall spatial structure and diversity is also rated at Moderate Risk.  Significant improvements to spatial structure and diversity are needed to improve the risk level.
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Figure 3.3.2– 7.  Walla Walla 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 – Walla Walla River Summer Steelhead Population
Data type:  Dataset reconstructed from dam counts
SAR: 	Averaged Deschutes, Umatilla, Snake, and Upper Columbia River steelhead series
Productivity:  Only 8 recruit/spawner pairs for this population exist; therefore results must be interpreted carefully.
Table 3.3.2– 5.  Walla Walla River summer steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bold values were used in estimating the current productivity (Table 3.3.2–6).
[image: ]

Table 3.3.2– 6.  Walla Walla River summer steelhead population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
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Table 3.3.2– 7.  Walla Walla River summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
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Figure 3.3.2– 8.  Walla Walla River summer steelhead 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 3.3.2– 9.  Walla Walla River summer steelhead 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 3.3.2–2) and fitting a capacity estimate to the data series.



[bookmark: _Toc201478224]  Current Status Assessment – Touchet River Summer Steelhead Population
The Touchet River summer steelhead population (Figure 3.3.3–1) is one of three populations in the Umatilla/Walla Walla Rivers MPG within the Mid-Columbia River DPS.  All three populations in this MPG are summer run.  For general descriptions of the subbasin and life history characteristics of this population, see NPCC (2004) or SRSRB (2005). 
[image: WWTOUsteelhead-msa-landscape]
Figure 3.3.3– 1.  Touchet River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.
The Interior Columbia Technical Recovery Team (ICTRT) classified the Touchet River population as “intermediate” in size and complexity (Table 3.3.3–1) with respect to abundance and productivity.  A steelhead population classified as intermediate has a mean minimum abundance threshold of 1,000 natural-origin spawners with sufficient intrinsic productivity (≥ 1.35 recruits per spawner at the minimum threshold abundance) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Touchet River population to achieve a 1% or less risk (“very low risk”) of extinction over a 100-year timeframe, productivity would need to be at or greater than 1.64 recruits per spawner at the minimum abundance threshold.
Table 3.3.3– 1.  Touchet River summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	1,961

	Stream lengths km (total) a
	723

	Stream lengths km (below natural barriers) a
	709

	Branched stream area weighted by intrinsic potential (km2)
	1.562

	Branched stream area km2 (weighted and temp. limited) b
	0.645

	Total stream area weighted by intrinsic potential (km2)
	2.567

	Total stream area weighted by intrinsic potential (km2) temp limited b
	0.764

	Size / Complexity category
	Intermediate / “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 mean weekly modeled water temperature was > 22oC.
Current Abundance and Productivity 
Reported estimates of abundance of Touchet River summer steelhead are specific to the drainage above the Dayton Acclimation facility and are based on annual redd survey results combined with counts at the Dayton weir trap.  Washington Department of Fish and Wildlife (WDFW) adjusts these counts upwards to account for escapement bypassing the trap under high-flow conditions.  The WDFW reports that steelhead currently utilize the mainstem Touchet River and tributaries above the confluence of Coppei Creek.  Based on data reported in the Walla Walla River Subbasin Plan Aquatic Assessment (WDFW 2004), an average of 245 fish spawned above the Dayton trap in the early 1990s.  The WDFW index redd counts in Coppei Creek (tributary to the Touchet River entering below the Dayton weir) averaged 39 redds per year for the same period, translating to approximately 78 spawners (assuming 2 spawners per redd).  The resulting ratio of total estimated spawners for the two areas combined to spawners above the Dayton weir was 1.32.  We assumed that hatchery contribution rates at the Dayton trap were representative of the entire return.  The WDFW regional staff are evaluating the available data series to determine if this relatively crude expansion approach can be improved.  





[image: ]The 10-year (1998-2007, excluding 2002-2003) geometric mean abundance of natural-origin spawners was 414.  The 20-year (1988-2007, excluding 1996-1997 and 2002-2003) geometric mean productivity was 1.19 recruits per spawner (R/S, in terms of spawner to spawner), adjusted for the rate of smolt-to-adult return (SAR) and delimited at 75% (750 spawners) of the abundance threshold (Table 3.3.3–2).  However, due to the short time series and significant gaps in the datasets, these values are preliminary and should be viewed with caution.Figure 3.3.3– 2.  Touchet River summer steelhead population spawner abundance estimates (1987-2001).  No data are available for 1996 and 1997 brood years.

Table 3.3.3– 2.  Touchet River summer steelhead population abundance and productivity.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (8-year geometric mean, range)
	414
	(235-626)
	

	Proportion: natural-origin spawners (8-year geometric mean, range)
	0.85
	(0.82-0.92)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (16-year R/S, SAR adjusted & delimited) a
	1.19
	(0.63-2.26)
	0.3

	Productivity (16-year Beverton-Holt fit, SAR adjusted) 
	n/a
	n/a
	n/a

	Trend Statistics (1980-2005)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	n/a
	n/a
	n/a

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	n/a
	n/a
	n/a

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	n/a
	n/a
	n/a


a. Delimited productivity excludes any recruit/spawner pair where the spawner number >75% of the population’s minimum abundance threshold.  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: ]The Touchet River summer steelhead population is at tentatively rated at Moderate Risk for abundance and productivity.  There is  considerable uncertainty associated with this rating due largely to the limited set of annual return estimates (with significant missing years) available for analysis.  
The current data series of Touchet River steelhead abundance is insufficient for generating a representative productivity estimate for the population.  The data series is relatively short and has two missing years, limiting the number of brood years that can be reconstructed to three. For comparison, the median productivity estimate for the other two extant populations in this MPG (Umatilla and Walla Walla rivers) is 1.42.  Preliminary estimates of abundance and proportions of hatchery-origin/natural-origin steelhead (WDFW, Snake River Laboratory) for 2004-2007 indicate that natural return levels have continued to fluctuate around a median escapement of approximately 420 spawners.  This combination of natural-origin abundance and productivity just exceeds the 25% risk curve.  We note that there is a relatively high level of uncertainty in the current abundance/productivity rating for this population due in large part to the limits on available data.  Confidence in the risk rating for this population will be enhanced as a result of recent improvements to the sampling trap at Dayton and with the addition of more return years to the database.Figure 3.3.3– 3.  Touchet River summer steelhead population current abundance/productivity compared to the DPS viability curve.  There is uncertainty in these metrics due to the low number of data points.

Spatial Structure and Diversity
The ICTRT intrinsic potential analysis identified one historic major spawning area (MaSA) and no minor spawning areas (MiSAs) within the Touchet River summer steelhead population (Figure 3.3.3–5).  The single MaSA is contained within the upper Touchet River drainage.  Spawning and rearing reaches include the three major upstream sub-tributaries (North Fork, Wolf Fork/Robinson Fork, and the South Fork) and the mainstem Touchet River upstream of Waitsburg, WA, to the confluence with the North Fork (WDFW 2003).  Each of those reaches have associated small side tributaries supporting steelhead spawning and rearing (e.g., Spangler Creek and Lewis Creek on the North Fork, Coates Creek and Whitney Creek in the Wolf Fork complex.  In addition, several tributaries to the mainstem Touchet River support some level of steelhead spawning and rearing including Coppei Creek, Whiskey Creek and upstream areas in Pettit Creek (WDFW 2004).  
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Figure 3.3.3– 4.  Touchet River summer steelhead population intrinsic potential habitat within the major spawning area (MaSA).  White bars represent current temperature limited areas that could potentially have had historical temperature limitations.
The spawning area structure identified in the Snake River Recovery Plan for SE Washington (SRSRB 2005) included two MaSAs and one MiSA.  That configuration was consistent with an earlier version of the ICTRT intrinsic potential analysis; however, refinement of our analysis indicated that there was considerably less high quality habitat in the upper portions of Patit Creek.  This reduction and the estimate of continuous spawning potential (no 5 km gaps) between spawning areas in lower Patit Creek and the Touchet River caused a consolidation of the multiple spawning areas into a single, fairly large and complex MaSA.
Factors and Metrics
A.1.a. Number and spatial arrangement of spawning areas
Based on agency-defined distribution (WDFW 2003), the MaSA would meet ICTRT occupancy requirements (Figure 3.3.3–5).  The Touchet River population is rated at moderate risk with respect to the number and spatial arrangement of spawning areas.  Although the intrinsic potential analysis indicates there was only one MaSA, that single, relatively contiguous spawning area contained a sufficient quantity of habitat (equal to or greater than the minimum needed for two MaSAs) to meet ICTRT guidelines for a moderate risk rating.   


A.l.b.  Spatial extent or range of population
The Touchet River population is rated at low risk for this metric; the single MaSA within this population is currently rated as occupied.  
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Figure 3.3.3– 5.  Touchet 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 population is rated at low risk for this metric.  The single MaSA identified within this population is currently rated as occupied and, by definition, spawning occurs in both the upper and lower sections.  Very little historical spawning habitat was identified downstream of the river relative to Waitsburg, WA.  As a result there has been little change in the relative distance between the Touchet River and adjacent steelhead population tributary habitats (e.g., Walla Walla River mainstem).  
B.1.a.  Major life history strategies
The Touchet River summer steelhead population is at very low risk for this metric.  Human impacts in tributary and mainstem habitats used by Touchet River steelhead for migration, spawning and rearing have detrimentally impacted productivity and abundance.  However, there is no empirical evidence that major life history patterns have been eliminated.  Based on general temperature and flow conditions, it is likely that the Touchet River population was historically limited to a summer run adult return pattern.  Resident O. mykiss are known to co-occur with anadromous steelhead at various locations in the subbasin (NPCC 2004).  
B.1.b.  Phenotypic variation
No direct measures of current vs. historical phenotypic variation are available for the Touchet River summer steelhead population.  As described below (B.4.a.), upstream and downstream migration passage within the Touchet River has been impacted by the presence and operation of two mainstem diversion dams.  Those projects are downstream of all major spawning areas in the Touchet River drainage.  Altered flow and temperature conditions resulting from operations at those dams has likely resulted in differentially high mortalities on components of the out-migrant smolt and adult return runs.  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 Touchet River summer steelhead population was determined to be at very low risk for genetic variation because available samples within this population generally clustered together, but showed some differentiation.  A recent study concluded that there is significant differentiation among the populations in the Touchet and Walla Walla Rivers and both groups are differentiated from Lyons Ferry Fish Hatchery stock (Blankenship et al., 2007). 
B.2.a.  Spawner composition
Naturally spawning steelhead have been comprised, on average, of 89% natural-origin spawners since the mid-1980s (G. Mendel, WDFW, personal communication).
(1) Out-of-DPS spawners:  The estimated average recent year contribution of hatchery-origin spawners in the Touchet River above the Dayton trap was approximately 12%, based on recoveries from index areas surveyed by WDFW Snake River Laboratory staff (SRSRB 2005).  The Dayton trap is just above the acclimation facility outlet structure.  Hatchery composition at the Dayton trap may not be representative of the aggregate contribution rate to spawning in areas above the trap.  Juvenile samples from upper tributary reaches above the Dayton trap do not indicate introgression from Lyons Ferry Fish Hatchery stock (Blankenship et al. 2007).  Hatchery returns are likely contributing to spawning below the acclimation facility, but the relative contribution to natural spawning and production in the lower Touchet River is not known.  Given the relative amount of spawning currently occurring below the acclimation site, it is likely that the hatchery contribution rate exceeds 5% of the total return to the population.  For most years the hatchery fish were Lyons Ferry Fish Hatchery stock summer steelhead (J. Bumgarner, WDFW, personal communication).  The Lyons Ferry Fish Hatchery summer steelhead stock is considered an out-of-DPS stock because it was founded by a combination of Wells Hatchery (~80-85%) and Wallowa Hatchery (~15-20%) stocks (WDFW 2005).  With over 5% out-of-DPS strays on the spawning grounds for three generations, the population is at high risk for this metric.
(2)  Out-of-MPG spawners from within the DPS:  There is no evidence that strays on the spawning grounds are from within the DPS but outside the MPG so the population is at low risk for this metric.
(3)  Out-of-population spawners from within the MPG:  There is no evidence that strays on the spawning grounds are from within the MPG but outside the population so the population is at low risk for this metric.  
(4)  Within-population hatchery spawners:  In 2004 and 2005, a portion of the hatchery fish on the spawning grounds have been from the WDFW Touchet River endemic stock program (derived from natural-origin Touchet River steelhead) that began in 2000.  Unexpanded returns of these endemic hatchery fish were 17 and 26 fish in 2004 and 2005, respectively (WDFW unpublished data).  Although we have not calculated the percent spawner composition for these fish, we assume that the population is at low risk for this metric due to the short duration and low return numbers of the program.
Overall spawner composition is rated as high risk due to the high proportion of out-of-DPS strays that spawn naturally in this population.
B.3.a.  Distribution of population across habitat types
The distribution of intrinsic potential habitat for Touchet River summer steelhead included five ecoregions, four of which were considered significant (>10%; Table 3.3.3–3).  However, the Pleistocene Lake Basins and Loess Islands ecoregions were not within the boundaries of the MaSA.  The ecoregion distribution analysis did not require a minimum average of “moderate” rated habitat, so the percentages in Table 3.3.3–3 represent all or mostly “low” rated spawning habitat.  The ecoregion distribution analysis also did not account for temperature limited areas and the Touchet River within those two ecoregions is and probably was historically temperature limited.  These factors contributed to what we believe are over-emphases on these lower Touchet River areas and we recommend not considering the ecoregions significant below the boundary of the MaSA (confluence with Coppei Creek).  Substantial shifts (>67 %) have not occurred in the two remaining ecoregions (Deep Loess Foothills and Maritime Influenced Zone; Table 3.3.3–3).  Therefore, the population is at low risk for this metric.  
[image: WWTOUsteelhead-eco-landscape-ver2]
Figure 3.3.3– 6.  Touchet River summer steelhead population spawning distribution across EPA level IV ecoregions.

Table 3.3.3– 3.  Touchet 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)

	Deep Loess Foothills
	50.4
	71.0

	Loess Islands
	23.7
	1.3

	Maritime-Influenced Zone
	12.1
	23.1

	Mesic Forest Zone
	3.7
	4.5

	Pleistocene Lake Basins
	10.3
	0.0



B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population passes four dams on the lower 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. 
Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring as temperatures rise and flow decreases, 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 selection intensity 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.
Adult migration timing:  Adult migrants are affected by longer-lasting and probably larger thermal blocks than would have existed historically in the Columbia River system.  These result in delays, likely result in increased energy expenditure (due to increased temperatures) and may result in increased straying.  Adult migration timing is highly heritable.  The proportion of fish in the population affected is relatively unknown, although the effect likely results in low mortality.  The effect is highly variable from year to year, and in some years no thermal barriers develop.  We rated the selection intensity as low.  Thus, 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 no directed harvest of natural fish within the Touchet River subbasin; impacts from the recreational fishery are limited to less than 2% of the population and are not selective against phenotypic traits.  There may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts are slight enough to be negligible.  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 wild population.  The integrated hatchery program in the Touchet River is designed to not be selective against run timing, gender, or age structure, and thus the risk level to phenotypic traits is low.  
Habitat:  Altered flow profiles and increased temperatures, which have been in place for many generations and are ongoing, likely impose some selection on juvenile and adult migration timing.
Juvenile migration timing:  Late spring and early summer temperatures are elevated relative to historical conditions.  There has likely been some effect on juvenile migration timing as temperatures reach stressful levels early in the summer, essentially truncating juvenile migration timing; however we are uncertain of the degree of change.  Heritability of this trait is moderate to low, and the selection intensity is assumed to be low.  The impact of habitat changes on this trait is rated low.
Adult migration timing:  Late summer and early fall flows are often low in the Touchet River and may expose early returning adult steelhead that enter the river to above normal mortality rates.  Adult migration timing is highly heritable, but a relatively low proportion of the population is likely subject to these effects, and we rated the selection intensity as moderate.  Thus, the impact of habitat changes on this trait is moderate.
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 during tern nesting season in May.  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 selective factor is low risk.
The selective impact of hydropower systems is rated moderate for both adult and juvenile migration timing.  Adult migration timing is also rated moderate due to impacts of habitat changes, resulting in an overall selectivity rating of moderate risk for this population.


Spatial Structure and Diversity Summary
The Touchet River summer steelhead population was determined to be at low risk for Goal A (allowing natural rates and levels of spatially mediated processes) but moderate risk for Goal B (maintaining natural levels of variation), resulting in an overall Moderate Risk rating for spatial structure and diversity.  The moderate risk rating for Goal B was a result of applying the “no data” default rating for evaluating the change to phenotypic variation (B.1.b).  In order to improve the status of this metric, 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.  Additionally, metric B.2.a.1 (out-of-DPS strays) was rated at high risk, so a threat persists despite the low and very low ratings for the remainder of the metrics for Goal B. 
Table 3.3.3– 4.  Touchet River summer steelhead population spatial structure and diversity risk rating summary.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	M (0)
	M (0)
	Low Risk
(Mean = 0.67)
	 Low Risk
(Mean = 0.67)
	Moderate Risk

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

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

	B.1.a
	VL (2)
	VL (2)
	Moderate Risk (0)
	
Moderate Risk (0)
	

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

	B.1.c
	VL (2)
	VL (2)
	
	
	

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

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

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

	B.2.a(4)
	L (1)
	
	
	
	

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

	B.4.a
	M (0)
	M (0)
	M (0)
	
	











Overall Viability Rating 
The Touchet River summer steelhead population does not meet ICTRT viability criteria and the overall viability rating is considered MAINTAINED (Figure 3.3.3–6).  Overall abundance and productivity is rated at Moderate Risk.  There is a relatively high level of uncertainty in the current abundance/productivity rating for this population due in large part to the limits on available data.  Confidence in the risk rating for this population will be enhanced as a result of recent improvements to sampling equipment and with the addition of more return years to the database.  The population rating could improve to viable status if abundance/productivity levels exceed a 5% extinction risk over 100 years (abundance threshold of 1,000 natural-origin spawners, productivity ≥ 1.35 R/S).  The overall spatial structure and diversity rating is also rated at Moderate Risk.  With an improvement to low risk for spatial structure and diversity, the Touchet River population could achieve highly viable status if the abundance/productivity rating increased sufficiently to achieve an extinction risk of less than 1% (productivity ≥1.64 R/S).  The level of viability needed in the Touchet River population in order for the Umatilla/Walla Walla Rivers MPG to be viable is dependent on the status of the other populations in the DPS (ICTRT 2007). 
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Figure 3.3.3– 7.  Touchet 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 – Touchet River
Data type: Expanded from index area and supplemental redd counts augmented with annual sampling data collected at the Dayton Acclimation facility upstream migration trap.  Estimates expanded to include Coppei Creek spawning. 	
Smolt-to-Adult Return rate (SAR): Mid-Columbia composite series (see Methods). 
Table 3.3.3– 5.  Touchet River summer steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bold values are recruit/spawner data where the parent escapement was <75% of the size threshold.
[image: ]
Table 3.3.3– 6.  Touchet River summer steelhead population geometric mean abundance and productivity.  No population-specific abundance and productivity estimates were used in assessing the current status of this population due to the short data series with missing values.
[image: ]
Table 3.3.3– 7.  Touchet River summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
[image: ]
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1.1: [bookmark: _Toc201478226]Current Status Summary – Yakima River MPG
[image: yakimampg]The Yakima River MPG includes four extant populations:  Upper Yakima River, Naches River, Satus Creek and Toppenish Creek (Figure 3.4–1).  Two populations (Upper Yakima River and Naches River) are classified as large, one (Satus Creek) as intermediate, and one (Toppenish Creek) as basic based on estimated historical intrinsic habitat potential.  Recent studies have indicated that a major section of the mainstem Yakima River may have historically supported large numbers of steelhead (e.g., Snyder and Sanford 2001b).  Production from that habitat may have constituted a fifth population in this MPG, or may have been an important production component in the Upper Yakima River population.  
This is the northern-most region of the Mid-Columbia steelhead DPS, and includes both dry, low elevation areas as well as moister, forested areas draining the eastern slopes of the Cascades.  Median spawning elevations range from 600m to 800m for populations in this MPG.Figure 3.4– 1.  Steelhead population in the Yakima River major population group (MPG).  See Table 3–1 for list of Map Population Codes.

To achieve viable status for the Yakima River MPG, two populations must be rated as viable, including at least one of the two populations classified as large (the Naches River and the Upper Yakima River).  The remaining two populations must, at a minimum, meet the maintained criteria.  


Table 3.4– 1.  Viability assessment results for Mid-Columbia River steelhead DPS populations in the Yakima 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
	

	Satus Creek
	Extant
	379
	1,000   (500)
	1.40
(1.73)
	1.35
(1.56)
	Moderate
	Low
	Moderate
	Moderate
	Maintained

	Toppenish Creek
	Extant
	322
	500
	1.60
	1.56
	Moderate
	Low
	Moderate
	Moderate
	Maintained

	Naches R.
	Extant
	472
	1,500
	1.12
	1.26
	High
	Low
	Moderate
	Moderate
	High Risk

	Upper Yakima R.
	Extant
	85
	1,500
	1.12
	1.26
	High
	Moderate
	High
	High
	High Risk



The Yakima River MPG is currently rated at High Risk (Table 3.4–1, Figure 3.4–2).  Although the two lower populations have relatively high productivity in comparison with other populations in the Interior Columbia, none of the populations meet the abundance and productivity (A/P) viability criteria overall.  In particular, current abundances for all populations are much lower than the minimum thresholds and are less than half of those thresholds for three of the four populations.   
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Figure 3.4– 2.  Yakima River steelhead MPG population risk ratings integrated across the four viable salmonid (VSP) metrics.  Viability key: V – Viable; M – Maintained; HR – High Risk (does not meet viability criteria).
[bookmark: _Ref198967790]The data series for Yakima River MPG steelhead populations are relatively short, beginning with the 1983-1984 return years.  The ICTRT population-level viability metric for abundance is the most recent 10-year geometric mean abundance estimates of natural-origin spawners.  Following a decline from the initial values in the time series, the 10-year geometric mean natural-origin spawner metric has trended upwards for Yakima River populations since the late 1990s (Figure 3.4-3).  The pattern in returns to the Upper Yakima is relatively flat in comparison to the trends for the other populations in this MPG.  The general pattern in geometric mean abundance for populations in this MPG is similar to patterns over the same time period for other populations in the Mid-Columbia steelhead DPS.  
Point estimates of productivity are lower than those required at the minimum threshold for the two largest populations, but near or at the threshold for Satus and Toppenish Creek populations (Table 3.4-1).  The current geometric mean natural spawner abundance estimates would need to improve considerably to meet or exceed threshold levels.
Populations in this MPG were also generally impaired with respect to spatial structure/diversity (SS/D).  Composite ratings are moderate for three of the four populations in this MPG; the SS/D rating for the fourth population, Upper Yakima River, is high risk (Table 3.4–1, Figure 3.4–2).  These risk ratings are largely driven by observed or inferred changes to life history strategies, or phenotypic or genetic traits within a population (Table 3.4–2).  However, three populations (most notably the Upper Yakima River) also showed changes in distribution of spawning. 
 
Table 3.4– 2.  Summary of population-level spatial structure and diversity (SS/D) criteria ratings for the Yakima River MPG.  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 the overall SS/D ratings.
	
Population
	Spatial Processes
	Diversity

	
	Structure
	Range
	Gaps
	Life History Patterns
	Traits
	Genetics
	
Spawner Composition

	Ecoregion Distribution 
	Selectivity

	Satus Creek
	L
	L
	M
	L
	M
	VL
	L
	M
	M (hb)

	Toppenish
Creek
	L
	M
	L
	M
	M
	M
	L
	L
	M (hb)

	Naches R.
	VL
	L
	L
	M
	M
	L
	L
	L
	H (hb)

	Upper Yakima R.
	L
	M
	H
	H
	M
	H
	L
	L
	H (hb)


 (hb): Due to habitat component of selectivity metric.
Estimating Current Abundance and Productivity for the Yakima River MPG
The annual abundance estimates of steelhead spawners for the four populations in this MPG are based on aggregate Yakima River basin counts.  Annual counts at Prosser Dam on the mainstem Yakima River downstream of all four populations provide an estimate of the aggregate abundance of adult steelhead returning to this MPG.  Daily counts are summed over the period July 1st through the following June 31st, corresponding to steelhead return timing.  These aggregate annual counts were adjusted to account for estimated losses between Prosser Dam and tributary spawning by applying average loss rates calculated from the 1990-1991 radio-tracking studies.  Approximately 11% of the radio-tagged adults passing over Prosser Dam were unaccounted losses (losses directly associated with tagging, including immediate mortalities and regurgitated tags were excluded from the calculations).  Prior to 1995, an additional 2% of the steelhead returns that passed Prosser Dam were accounted for as harvest (directed harvest was closed after the 1994 return year).  The adjusted Prosser Dam returns were assigned to individual populations using population-specific annual redd counts (D. Lind, Yakima Tribal Fisheries, pers. comm.), counts at Roza Dam and results from adult radio-tracking experiments in 1990-1992 (Hockersmith et al. 1995).  For those return years where radio-tag based distribution estimates were available (1990-1992), the aggregate count over Prosser Dam was allocated among populations based on the relative distribution of radio-tagged steelhead during the spring spawning time window.  Returns for most other years were generated by applying the average distribution from the 1990-1992 radio-tagging studies to the Prosser Dam count adjusted for pre-spawning mortality.  The Naches River was identified as a final spawning destination for 36% of the radio-tagged steelhead passing Prosser Dam, averaged over the three adult radio-telemetry study years; Satus Creek was the final destination for 45%, Toppenish Creek for 12% and the Upper Yakima River for and additional 7%.  For Satus and Toppenish Creeks, in the most recent years (1993-2004), annual estimates of steelhead spawning in Satus Creek were generated subtracting the Roza Dam count and the Naches River abundance estimates from the Prosser count adjusted for pre-spawning losses.  The resulting composite estimate was allocated to Satus Creek and Toppenish Creek based on the annual ratios of expanded redd counts for the two populations.  The annual return estimates for Satus Creek steelhead reflect the aggregate Yakima River returns estimated at Prosser Dam and the pattern in annual redd counts within Satus Creek.   
[image: ]Figure 3.4– 3.  Yakima River MPG summer steelhead population-level spawner abundance (annual total, annual natural-origin and 10-year geometric mean natural-origin).


1. [bookmark: _Toc201478228]
  Current Status Assessment – Satus Creek Summer Steelhead Population  
With a drainage area of 612 square miles, Satus Creek comprises 10% of the Yakima River subbasin area.  Many of the headwater streams in the Satus Creek watershed flow across plateaus bordered by wet meadows.  As they flow generally eastward, the headwater streams cascade through narrow canyons toward the relatively broad Satus Creek canyon.  Satus Creek exits the canyon at river mile (RM) 12.5 and flows eastward across the Yakima River floodplain to the confluence with the Yakima River.  Most of the Satus Creek watershed is undeveloped and is not exposed to agricultural, industrial or domestic effluents; however due to riparian impacts and low flow, maximum weekly average temperatures can exceed 26o C in the reach between Logy Creek and Wilson Charley Creek (RM 39.3).  Logy Creek cools Satus Creek for a few miles downstream from their confluence.  Water quality suffers, although water quantity increases as Satus Creek flows through the Wapato Irrigation Project (WIP) in its lower eight miles.  The relatively young and rapid steelhead out-migration from Satus Creek appears to be a population response to harsh summer conditions.
The Satus Creek summer steelhead population (Figure 3.4.1–1) is one of four populations in the Yakima River MPG within the Mid-Columbia steelhead DPS.  All four populations in this MPG are summer run and can be classified as either A-run or B-run based on their size and ocean life history.  The Satus Creek population is considered to be an A-run.
The Satus Creek steelhead population is classified as “intermediate” in size and complexity based on historical intrinsic potential analysis (ICTRT 2007).  Achieving viable status for this classification requires a minimum abundance threshold of 1,000 natural-origin spawners with sufficient intrinsic productivity (≥ 1.35 recruits per spawner at the abundance threshold) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Satus Creek 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 1.64 recruits per spawner at the minimum abundance threshold.
The historical Satus Creek population included spawning and rearing habitats in the lower Yakima River downstream of the confluence with Satus Creek, and the intrinsic availability of spawning habitats within these areas could have the potential to alter the population size category.  The empirical datasets used by the ICTRT to identify potential spawning and rearing habitats were largely derived from upper tributary habitats and very few direct measures of relative abundance as a function of physical habitat conditions are available for wide mainstem reaches.  The ICTRT has been evaluating recently generated datasets that include steelhead spawner distributions in relatively wide mainstem habitat in the Okanogan and Wenatchee River systems.  Preliminary analysis of those datasets indicates that mainstem steelhead spawning is primarily associated with large gravel islands.  The estimated amount of historical spawning habitat within the Satus Creek tributary drainage (not including the mainstem Yakima River habitat associated with this population) would be sufficient to support a “basic” population.  Limiting the lower Yakima River mainstem habitat to island margins that are considered supportive of steelhead spawning would reduce the estimated Satus Creek intrinsic potential total substantially, although the revised total would still exceed the minimum for the intermediate population size category.  Given that there is uncertainty regarding the historical linkage of production in the lower mainstem Yakima River to production from either Satus Creek or the mainstem above the confluence with Satus Creek, we analyzed current abundance and productivity levels for Satus Creek against each of the two alternative historical configurations.  
[image: YRSATsteelhead-msa-landscape]
Figure 3.4.1– 1.  Satus Creek summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.

Table 3.4.1– 1.  Satus Creek summer steelhead population tributary basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	3,413

	Stream lengths km (total) a
	1,909

	Stream lengths km (below natural barriers) a
	1,788

	Branched stream area weighted by intrinsic potential (km2)
	1.700

	Branched stream area km2 (weighted and temp. limited) b
	0.992

	Total stream area weighted by intrinsic potential (km2)
	4.111

	Total stream area weighted by intrinsic potential (km2) temp limited b
	1.280

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

	Number of major spawning areas (MaSAs)
	3

	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 mean weekly modeled water temperature was >22oC.
Current Abundance and Productivity 
[image: ]The estimated abundance of natural-origin adults that spawned in natural production areas in Satus Creek from 1985-2005 was variable and ranged from 138 in 1996 to approximately 1,000 in 2002 (Figure 3.4.1–2).  The 10-year (1995-2004) geometric mean abundance of natural-origin spawners was 379 (Table 3.4.1–2).  
During the period 1985-1999, recruits per spawner (R/S, in terms of spawner to spawner) for Satus Creek summer steelhead ranged from 0.19 in 1992 to 2.36 in 1996.  After delimiting the data series at 75% of the applicable abundance threshold and adjusting to reflect average SAR, the 15-year (1985-1999) geometric mean productivity was 1.73 for the Satus Creek-only configuration and 1.40 assuming the population includes mainstem Yakima River habitat.  The trend in natural-origin spawners and the estimated population growth rate metrics in this population have averaged below 1.0 over the period 1985-2004 (Table 3.4.1–2).  The estimated population growth rate metric is not appreciably affected by hatchery fish.  Caution should be taken when evaluating the status of a population with fewer than 20 years of R/S data.Figure 3.4.1– 2.  Satus Creek summer steelhead population spawner abundance estimates (1985 to 2004).

Table 3.4.1– 2.  Satus Creek summer steelhead population abundance and productivity estimates.  Current productivity estimates are provided for two alternative assumptions regarding the historical connection of the population to spawning habitats in the lower mainstem Yakima River.
	Abundance Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	379
	(138-1032)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.94
	(0.84-1.00)
	

	Productivity Statistics
	Estimate
	(90% CI)b
	SE

	15-year Intrinsic productivity (R/S, SAR adjusted & delimited) a
      Satus Creek drainage habitat only
      Satus Creek drainage + historical Yakima River mainstem habitat
	
1.73
1.40
	
(1.33-2.25)
(1.07-1.84)
	
0.14
0.15

	15-year Beverton-Holt fit (SAR adjusted)
	n/a
	n/a
	n/a

	Trend Statistics (1985-2004)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	0.98
	(0.93-1.12)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	0.96
	(0.75-1.23)
	0.31

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	0.98
	(0.76-1.25)
	0.39


a. Delimited productivity excludes any recruit/spawner pair where the spawner number >75% of the population’s minimum abundance threshold.  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: ]The Satus Creek summer steelhead population is at Moderate Risk based on current abundance and productivity under either the assumption that the population includes lower mainstem Yakima River spawning habitats (intermediate) or the population is limited to the Satus Creek drainage only (basic).  The point estimates fall between the 5% and 25% risk lines [image: ](Figure 3.4.1–3).Intermediate 

Spatial Structure and Diversity 
This population includes three major spawning areas (MaSAs) and four minor spawning areas (MiSAs) to the Satus Creek steelhead population (Figure 3.4.1–5), based on historical intrinsic potential analysis.  All three MaSAs and one of the MiSAs are within the Satus Creek drainage itself.  The remaining three minor spawning concentrations are associated with small tributaries of the mainstem Yakima River.Basic 
Figure 3.4.1– 3.  Satus Creek summer steelhead population current abundance/productivity (A/P) compared to the DPS viability curve.  Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A/P.  Top graph depicts estimates for Satus Creek drainage + mainstem Yakima River habitats (intermediate population).  Bottom graph depicts Satus Creek drainage only (basic population).

Spawning is known to occur currently throughout the Satus, Dry, and Logy Creek MaSAs, as well as in the Mule Dry and Corral Creek MiSAs (WDFW 2003; Figure 3.4.1–1).  
[image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  Dry (Satus) has the greatest proportion of the  major spawning areas at 33%.  The four minor spawning areas collectively  contain approximately 30 percent of the population's intrinsic potential.  There are fractions of all major and minor spawning areas that may be subject to temperature limitations.
]
Figure 3.4.1– 4.  Satus Creek 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
All three MaSAs in this population are rated as occupied, and show sufficient separation based on current distributions defined by the Washington Department of Fish and Wildlife (WDFW) and the Yakama Nation Fisheries Program (Figure 3.4.1–5; WDFW 2003).  This population is thus rated as low risk.
A.l.b.  Spatial extent or range of population
Although all historical MaSAs in the Satus Creek population are rated as currently occupied, there has been some loss of range, especially at the lower end of the Satus Creek mainstem tributary habitat.  Some of this may be an artifact of our analysis, as information provided by regional biologists indicates historical flow levels precluded use of several small tributaries in the upper half of the Dry Creek MaSA identified by the ICTRT intrinsic potential analysis as potential spawning habitat.  However, there has been some real reduction or loss in spawning habitat in the lower reaches of the Satus Creek mainstem, and Shinando Creek has been blocked to adult passage by a culvert on US 97.  Overall, less than 20% of the total habitat has been lost, and this factor rates as at low risk.  
One area of uncertainty is the potential historical use of spawning areas in the lower mainstem Yakima River.  Currently, seasonal temperature and flow conditions preclude production from these areas.  Changes intended to improve temperature and flow regimes for out-migrating smolts survival may allow evaluation of the production potential in the lower Yakima River.  
[image: YRSATsteelhead-use-landscape-ver2]
Figure 3.4.1– 5.  Satus Creek 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 gap between the Dry Creek and Satus/Logy MaSAs would be increased by any trend toward flashiness, or short-term, high-intensity events in the annual hydrograph.  Observed changes in Satus Creek channel width and riparian composition since the first aerial photographs in 1949 indicate such a trend has occurred.  The resultant loss of utilizable spawning habitat triggers a moderate risk rating for this metric.
B.1.a.  Major life history strategies
No direct sampling data are available on historical life history patterns for Satus Creek steelhead.  Harsh summer rearing conditions have been present throughout the Holocene in much of the Satus Creek watershed.  Portions of most tributaries normally went dry in summer, although the geology of the Logy Creek sub-watershed is conducive to stable base flow.  Given the relatively wide distribution of spawners and juvenile steelhead across the drainage, limited alterations to residency versus anadromy, summer run timing, and juvenile rearing patterns, this population is rated low risk.
B.1.b.  Phenotypic variation
There are no direct data on the historical phenotypic traits associated with this population.  However, we can infer that two or more traits have been affected by human induced habitat changes.  This population inhabits relatively low elevation stream reaches.  The lower extents of the tributary and mainstem stream reaches are subject to flow and temperature effects of agricultural activities.  It is likely that changes in flow and temperature have affected spawning and smolt migration timing.  Currently, Satus Creek steelhead life histories are geared toward rapid out-migration at an early age.  Climatic or anthropogenic factors that accentuate peak flows or decrease base flows, coupled with degraded habitat in the lower eight miles of Satus Creek, may further limit the possible variations in freshwater life history.  Loss of mainstem habitats described above may have reduced the proportion of juveniles who reared for more extensive periods in the mainstem.  Assuming that there has been some change and increase in variance for two or more traits, this population rates at moderate risk for change in phenotypic variation.
B.1.c.  Genetic variation
The ICTRT genetic subgroup reviewed available genetics sampling information for the Satus Creek population and concluded that the data supported consistent differentiation from other populations, clustering among Yakima River basin samples.  Within the population, some samples were not significantly differentiated, but others were distinct.  The Satus Creek steelhead population was rated at very low risk for the genetic variation factor based on these results. 
B.2.a.  Spawner composition
(1)  Out-of-DPS spawners:  The population was rated as low risk for this metric due to the relatively low percentage of hatchery fish entering the Yakima River basin (Prosser Dam count) and the absence of out-of-DPS hatchery programs within the Yakima River basin. 
(2)  Out-of-MPG spawners from within the DPS:  The population was rated as low risk for this metric due to the relatively low percentage of hatchery fish entering the Yakima River basin (Prosser Dam count). 
(3)  Out-of-population spawners from within the MPG:  There are no data on the stray rates between populations within this MPG.  However, there are no anthropogenic influences that would artificially increase the natural stray rate between populations in this MPG.  Therefore, the population is at very low risk for this metric.
(4)  Within-population hatchery spawners:  Hatchery releases within the Yakima River basin were essentially discontinued in 1989.  From 1985-1989, broodstock for within-basin releases were collected from returns at Prosser Dam.  Prior to 1985, the broodstock for releases within the Yakima River drainage were sourced from outside the basin.  This metric rates as low risk.  There have been two generations of returns since the termination of the release program.
The overall spawner composition metric is rated low risk.
B.3.a.  Distribution of population across habitat types
Spawning in Satus Creek was likely distributed across three ecoregions (Figure 3.4.1–6 and Table 3.4.1–3).  Each of the ecoregions encompassed at least 10% of the weighted potential spawning area for the population.  Current distribution maps (WDFW 2003) indicate that all three ecoregions currently support some level of steelhead production.  Although there has been a relative shift in the amount of habitat relative to each ecoregions, only one of those shifts (Pleistocene Lake Basins) meets the ICTRT criteria for a significant loss (>67%).  Based on the presence of three ecoregions each supporting a minimum of 10% of the historical intrinsic potential and one significant loss, Satus Creek steelhead were rated at moderate risk for distribution across habitat types.
[image: YRSATsteelhead-eco-landscape-ver2]
Figure 3.4.1– 6.  Satus Creek summer steelhead population spawning distribution across EPA level IV ecoregions.

 Table 3.4.1– 3.  Satus Creek 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)

	Pleistocene Lake Basins
	17.4
	2.2

	Yakima Folds
	67.8
	83.6

	Yakima Plateau & Slopes
	14.8
	14.2



B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population passes four dams on the lower 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. 
Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring as temperatures rise and flow decreases, causing increased travel time, increased energy expenditure and greater physiological stresses.  Given the number of dams that this population must cross, and likely increased mortality as the season progresses, overall selection intensity 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.
Adult migration timing:  Adult migrants are affected by thermal blocks that are larger in size and longer in duration relative to historic conditions in the Columbia River system.  These result in delays, likely result in increased energy expenditure (due to increased temperatures) and may result in increased straying.  Adult migration timing is highly heritable.  The proportion of fish in the population affected is relatively unknown, although the effect likely results in low mortality.  The effect is highly variable from year to year, and in some years no thermal barriers develop.  We rated the selection intensity as low, thus 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 may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is no directed harvest of natural-origin fish within the Satus Creek watershed and the recreational trout fishery in the mainstem Yakima River likely has little to no selective impact on Satus Creek parr or smolts.  No phenotypic traits appear to be at risk as a result of this activity, thus the harvest rating is low risk for all traits.

Hatcheries:  The Yakima River steelhead hatchery program has been discontinued for more than one brood cycle.  Therefore, there is no selective impact of broodstock removals.  The hatchery component of selective impacts is rated as very low risk.
Habitat:  Altered flow profiles, increased temperatures, and non-endemic predators have occurred for many generations and are ongoing, which likely imposes selection on juvenile and adult migration timing and juvenile size.
Juvenile migration timing:  Late spring and early summer temperatures are elevated relative to historical conditions.  Juvenile migration timing is likely truncated as temperatures reach stressful levels early in the summer, however we are uncertain of the degree of change and it is thought that steelhead smolts historically and currently migrate from Satus Creek relatively early.  Heritability of this trait is moderate to low, and the selection intensity is assumed to be low.  The habitat impact on this trait is rated as low.
Adult migration timing:  Increased water temperatures and decreased flow levels in the lower Yakima River relative to historical conditions impact returning Yakima River adult steelhead, especially the earliest components of the run.  Direct estimates of the selective impacts of these conditions on adult steelhead are not available.  However, given the magnitude of the temperature and flow impacts and the proportion of the population exposed, it is likely that the selective intensity is at least low.  Adult migration timing is highly heritable, thus the habitat impact on this trait is rated as moderate.
Juvenile size:  Smallmouth bass are present in the Yakima River and have shown size-selective predation on salmonids (Fritz and Pearson 2006).  However, that study did not differentiate species-specific predation rates and there is uncertainty regarding the spatial and temporal overlap with steelhead parr and smolts.  The majority of salmonid prey in that study were smaller (20-110 mm) than typical steelhead smolts.  Furthermore, the majority of steelhead smolts migrate early in the year when metabolic rates of bass would limit their consumption demand.  Therefore, we rated the selective pressure as low.  With low to moderate heritability of smolt size and age structure, the overall impact of habitat changes on this trait 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 during tern nesting season in May.  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 selective factor is low risk.
Hydropower actions have a moderate impact on both adult and juvenile steelhead migration timing in the Yakima River MPG.  Additionally, adult migration timing is rated moderate for impacts due to habitat changes.  Therefore, the overall selectivity rating for the Satus Creek steelhead population is moderate risk.

Spatial Structure and Diversity Summary
The integrated spatial structure/diversity rating is Moderate Risk for the Satus Creek summer steelhead population (Table 3.4.1–4).  The ratings for both Goal A (allowing natural rates and levels of spatially mediated processes) and Goal B (maintaining natural levels of variation) were moderate risk.  The Goal A risk could be reduced by decreasing the current spatial gap between MaSAs through restoration of functional spawning and rearing habitat.  The status relative to Goal B could be improved by addressing phenotypic variation and anthropogenic activities that are selective.  The first step in addressing this component should be a more detailed evaluation of spawning and rearing timing.  An assessment should be designed to evaluate the relative shift in phenotypic characteristics for the population, and identify the factors driving those shifts.  If further analysis confirms a significant shift in phenotypic characteristics relative to either estimated historical conditions or unaltered reference populations that have a similar habitat, geologic, and hydrologic setting, restorations actions should be initiated.  Based on the scoring system, this metric must be addressed in order for the status of Goal B to improve to low risk.
Table 3.4.1– 4.  Satus Creek summer steelhead population spatial structure and diversity risk rating summary.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	L (1)
	L (1)
	Low Risk
(Mean = 0.67)

	Low Risk
(Mean = 0.67)
	Moderate Risk

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

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

	B.1.a
	L (1)
	L (1)
	Moderate Risk (0)
	Moderate Risk (0)
	

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

	B.1.c
	VL(2)
	VL(2)
	
	
	

	B.2.a(1)
	L (1)
	Low Risk (1)
	Low Risk (1)
	
	

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

	B.2.a(3)
	VL (2)
	
	
	
	

	B.2.a(4)
	L (1)
	
	
	
	

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

	B.4.a
	M (1)
	M (1)
	M (1)
	
	





Overall Viability Rating 
The Satus Creek summer steelhead population does not meet viability criteria.  However, the population does meet ICTRT criteria to be considered MAINTAINED (Figure 3.4.1–7), since both abundance/productivity and spatial structure/diversity are rated at Moderate Risk.  However, the 10-year geometric mean abundance of natural-origin spawners is 379, which is only 38% of the minimum abundance threshold of 1,000.  The 15-year geometric mean productivity (1.40 R/S; Table 3.4.1–6) exceeds the 1.35 R/S minimum required at the abundance threshold.  However, there is considerable uncertainty due to the short time series for productivity.  Analysis of additional brood years will be critical to demonstrating sustained R/S values above the low risk criteria level.  To achieve viable status, the abundance of the Satus Creek population must be increased significantly to maintain the population above the minimum abundance threshold of 1,000 natural-origin spawners.  To achieve very low risk status (high viability) improvements in abundance would need to be accompanied by changes in spatial structure and diversity with respect to phenotypic traits and anthropogenically selective activities. 
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	HV
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	V
	V
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	M
	M
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	HR
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Figure 3.4.1– 7.  Satus Creek 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 – Satus Creek
Data type:  Yakima River drainage aggregate annual counts at Prosser Dam allocated to populations based on radio-tracking data and population-specific redd counts (see Current Abundance and Productivity for description of approach).
SAR:  Averaged Deschutes, Umatilla, Snake, and Upper Columbia River steelhead series
Table 3.4.1– 5.  Satus Creek summer steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bold values were used in estimating the current productivity (Table 3.2.4–6).  The ICTRT procedure for estimating population-specific current productivities results in productivity being estimated as the geometric mean R/S ratio for parent escapements below the median for the data series.
[image: ]

Table 3.4.1– 6.  Satus Creek summer steelhead population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
[image: ]

Table 3.4.1– 7.  Satus Creek summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
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Figure 3.4.1– 8.  Satus Creek summer steelhead 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 3.4.1– 9.  Satus Creek summer steelhead 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 3.2.4–2) and fitting a capacity estimate to the data series.


1.1.3 [bookmark: _Toc201478229]  Current Status Assessment – Toppenish Creek Summer Steelhead Population 
The Toppenish Creek watershed, at 625 square miles (Johnson 1964), is similar in size to the Satus Creek watershed.  Upper Toppenish Creek consists of three forks along with several smaller tributaries draining the Cascade foothills between Toppenish and Ahtanum ridges.  All have high gradients and are confined to narrow basalt canyons.  Anadromous fish access is not as sharply limited by impassable waterfalls as in Satus Creek and its tributaries, but is defined by steadily increasing gradient and coarsening substrate.  Agency, Wahtum, Simcoe and South Medicine Creeks join Toppenish Creek at low elevation, and Toppenish Creek flows in a fairly unconfined channel for its lower 25 miles.  A few miles downstream of the Simcoe Creek confluence, the Toppenish Creek channel historically assumed a branched appearance and flowed through an extensive network of wetlands for nearly 30 miles to the Yakima River.
The Toppenish Creek summer steelhead population (Figure 3.4.2–1) is one of four populations in the Yakima River MPG within the Mid-Columbia steelhead DPS.  All four populations in this MPG are summer run and can be classified as either A-run or B-run based on their size and ocean life history.  The Toppenish Creek population is considered to be of the A-run type.
The Toppenish Creek steelhead population is “basic” in size and complexity based on historical intrinsic potential analysis (Table 3.4.2–1; ICTRT 2007).  This classification requires a minimum abundance threshold of 500 natural-origin spawners with sufficient intrinsic productivity (≥ 1.56 recruits per spawner at the abundance threshold) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Toppenish Creek 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 2.00 recruits per spawner at the minimum abundance threshold. 

[image: YRTOPsteelhead-msa-landscape]
Figure 3.4.2– 1.  Toppenish Creek summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.

Table 3.4.2– 1.  Toppenish Creek summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	1,569

	Stream lengths km (total) a
	842

	Stream lengths km (below natural barriers) a
	759

	Branched stream area weighted by intrinsic potential (km2)
	1.170

	Branched stream area km2 (weighted and temp. limited) b
	0.803

	Total stream area weighted by intrinsic potential (km2)
	1.909

	Total stream area weighted by intrinsic potential (km2) temp limited b
	1.171

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

	Number of major spawning areas (MaSAs)
	2

	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 mean weekly modeled water temperature was >22oC.
Current Abundance and Productivity 
Abundance in recent years has been moderately variable.  Recent estimates of natural-origin spawners in Toppenish Creek (1985 to 2005) have ranged from 44 spawners in 1990 to 1,252 in 2002 and[image: ]  the 10-year (1994-2003) geometric mean abundance of natural-origin spawners was 322 (Table 3.4.2–2).  During the period 1985-1999, recruits per spawner (R/S, in terms of spawner to spawner) for summer steelhead in the Toppenish Creek population ranged from 0.30 in 1985 to 14.48 in 1996.  When the annual R/S estimates were adjusted to reflect the average smolt-to-adult return rate (SAR) and delimited at 75% (375 spawners) of the abundance threshold, the 15-year (1985-1999) geometric mean productivity was 1.60 R/S.  Caution should be taken when evaluating the status of a population with fewer than 20 years of R/S data.Figure 3.4.2– 2.  Toppenish Creek summer steelhead population spawner abundance estimates (1960-2003).

Hatchery releases of steelhead into the Yakima River system have been discontinued; the proportion of returning spawners at Prosser Dam that are of natural-origin has averaged 94% since 1985 (99% for the most recent five years).
Table 3.4.2– 2.  Toppenish Creek summer steelhead population abundance and productivity estimates.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	322
	(44-1252)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.94
	(0.84-1.00)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (15-year R/S, SAR adjusted & delimited) a
	1.60
	(0.95-2.71)
	0.30

	Productivity (15-year Beverton-Holt fit, SAR adjusted) 
	n/a
	n/a
	n/a

	Trend Statistics (1985-2004)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	1.09
	(1.02-1.32)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	1.07
	(0.74-1.55)
	0.71

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	1.09
	(0.76-1.57)
	0.75


a. Delimited productivity excludes any recruit/spawner pair where the spawner number >75% of the population’s minimum abundance threshold.  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: ]Overall, the Toppenish Creek summer steelhead abundance and productivity is at Moderate Risk, with a point estimate above the 25% risk curve (Figure 3.4.2–3).  The average trend in natural spawners and the population growth rate metrics were both positive over the period 1985-2004 for this population (Table 3.4.2–2).  Annual estimates fluctuated moderately around a relatively low average from 1985 through the late 1990s.  Estimated returns increased rapidly from 1999 through 2003.  The most recent two years returns in the data series are below the 2001/2002 peak level, but well above the escapements estimated for 1984 through 1999 (Figure 3.4.2–2). Figure 3.4.2– 3.  Toppenish Creek summer steelhead population abundance/productivity (A/P) metrics compared to the DPS viability curve.  Ellipse = 1 SE error about the point estimate.  Error bars = 90% CI for A/P.

Spatial Structure and Diversity 
There are two historical major spawning areas (MaSAs) and one minor spawning area (MiSA) within the Toppenish Creek summer steelhead population (Figure 3.4.2–1).  Spawning is known to occur currently throughout the Simcoe and Toppenish Creek MaSAs but has not been identified in the Mill Creek MiSA (WDFW 2003).
[image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  The Toppenish major spawning area contains the greatest proportion of intrinsic potential habitat (55%).  Each of the spawning areas in this population contain potential temperature limitations.
]
Figure 3.4.2– 4.  Toppenish 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
Current distributions essentially mirrors historic population distribution within the two MaSAs, although spawning now also occurs in Marion Drain, an artificial channel system with high groundwater input and irrigation return flows.  With two MaSAs in a non-linear arrangement, this factor rates as a low risk for this population.
[image: YRTOPsteelhead-use-landscape-ver2]
Figure 3.4.2– 5.  Toppenish Creek summer steelhead population current spawning distribution and spawning area occupancy designations.
A.1.b  Spatial extent or range of populations
Since the listing of the Mid-Columbia steelhead DPS in 1999, previous problems with adult passage, juvenile entrainment and in-stream flow have been addressed in part by several restoration projects and flow regulation in the agricultural portion of the Toppenish Creek watershed.  However, seepage losses (which may be partly of human-origin) combine in dry years with agricultural diversions to restrict passage to and from the most important spawning and rearing areas.  Summer rearing is also precluded in lower Toppenish and Simcoe creeks.  Eggs and fry in Marion and Harrah drains, new spawning areas, are unlikely to survive due to poor habitat and to irrigation spills during the emergence period.  The percentage loss may exceed 20% of the total habitat.  Although a strict application of the criteria would yield a low risk rating, more study is needed to understand the risk; therefore the current rating is moderate risk.  Uncertainty regarding this metric is high, as the Preliminary Guidelines do not specifically address the risks associated with spawning areas that develop in artificial habitats.
A.1.c.  Increase or decrease in gaps or continuities between spawning areas
Steelhead currently spawn in all accessible habitats in the Upper Toppenish Creek watershed.  Steelhead use a fairly wide range of hydrologic regimes, locations in the drainage network, and stream widths within the watershed, but irrigation diversions and returns, and riparian/floodplain conditions make lower Toppenish Creek inhospitable to juvenile steelhead from late spring to early fall.  The hydrographs of Marion and Harrah drains are the reverse of Toppenish Creek, but water quality and habitat conditions negate any potential value of high summer flow.  However, with both MaSAs occupied there are no increased gaps between MaSAs.  Although there is no known spawning in Mill Creek, the loss of that MiSA does not increase the gap to the nearest neighbor population by more than 25 km, so the factor ranks as low risk.  
B.1.a.  Major life history strategies
Alteration of habitat in Lower Toppenish Creek and its relationship with the Yakima River mainstem has likely resulted in loss of juvenile rearing space, changing juvenile spatial structure and age-at-migration.  Juvenile trapping results suggest that refugia and rearing habitat in the lower creek may be critical to survival of juveniles displaced from upstream reaches by winter floods.  Summer and early fall temperature and water quality delay adult entry of all four populations into the lower Yakima River past the normal entry date for summer steelhead.  The implications of this delay are unclear, but could include higher mortality or straying rate of earlier migrants.  This metric merits a moderate risk because all historic pathways are present (i.e., residency and anadromy, summer run timing), but there is significant changes in the pattern of variation. 
B.1.b.  Phenotypic variation
Reduced flows on the mainstem alluvial fan and in other portions of the basin have likely shifted spawning migration timing to earlier in the year.  Loss of lower Toppenish Creek and mainstem habitats described above may have reduced the proportion of juveniles who reared for more extensive periods in the mainstem.  This metric rates at moderate risk based on evidence of a meaningful change in pattern or variation in two or more traits.
B.1.c.  Genetic variation
Studies indicate lower levels of heterozygosity in this population compared to the Satus Creek population (Loxterman and Young 2003).  These lower levels could be the result of natural and anthropogenic blockages of adult and juvenile migration, or might reflect a naturally lower level of heterozygosity in this population.  There has been no known genetic introgression into this population as a result of historic stocking of non-indigenous populations of O. mykiss.  The ICTRT genetics subgroup assigned the Toppenish Creek steelhead population a rating of moderate risk for this factor, citing the apparent low effective population sized based on reduced heterozygosity at multiple loci (fixation at multiple loci). 
B.2.a.  Spawner composition
(1) Out-of-DPS spawners:  The population was rated as low risk for this metric due to the relatively low percentage of hatchery fish entering the Yakima River basin (Prosser Dam count) and the 20-year absence of out-of-DPS hatchery programs within the Yakima River basin.    
(2) Out-of-MPG spawners from within the DPS:  The population was rated at low risk for this metric due to the relatively low percentage of hatchery fish entering the Yakima River basin (Prosser Dam count) and the 20-year absence of out-of-MPG hatchery programs within the Yakima River basin. 
(3) Out-of-population spawners from within the MPG:  There are no data on the stray rates between populations within this MPG.  However, there are no anthropogenic influences that would artificially increase the natural stray rate between populations in this MPG.  Therefore, the population is at very low risk for this metric.
(4) Within-population hatchery spawners:  Hatchery releases within the Yakima River basin were essentially discontinued in 1989.  Prior to 1985, the broodstock for releases within the Yakima River drainage were sourced from outside the basin.  From 1985-1989, broodstock for within-basin releases were collected from returns at Prosser Dam.  There have been two generations of returns since the termination of the release program, thus this metric is rated as low risk.
The overall spawner composition metric for this population is rated low risk.
B.3.a.  Distribution of population across habitat types
Historical intrinsic potential analysis indicated that almost 95% of the spawning occurred in three ecoregions (Figure 3.4.2–6 and Table 3.4.2–3).  Minor contributions from the Grand Fir Mixed Forest ecoregion were also identified based on the historical potential analysis.  Comparison of the current and historical estimates for the major regions indicates that a relatively similar percentage of the population is using each of the three habitat types.  There has been loss of spawning in one ecoregion that constituted a small proportion of the historical distribution (Grand Fir Mixed Forest, representing approximately 6% of the historical distribution).  According to the ICTRT guidelines, the Toppenish Creek steelhead population would be assigned a low risk for this factor since there are no substantial changes in occupancy for the three significant ecoregions.






[image: YRTOPsteelhead-eco-landscape-ver2]Figure 3.4.2– 6.  Toppenish Creek summer steelhead population spawning distribution across EPA level IV ecoregions.


Table 3.4.2– 3.  Toppenish Creek 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)

	Grand Fir Mixed Forest
	5.7
	0.0

	Pleistocene Lake Basins
	29.4
	12.9

	Yakima Folds
	26.6
	39.5

	Yakima Plateau and Slopes
	38.3
	47.6




B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population passes four dams on the lower 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. 
Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring as temperatures rise and flow decreases, causing increased travel time, increased energy expenditure and greater physiological stresses.  Given the number of dams that this population must cross, and likely increased mortality as the season progresses, overall selection intensity 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.
Adult migration timing:  Adult migrants are affected by thermal blocks that are larger in size and longer in duration relative to historic conditions in the Columbia River system.  These result in delays, likely result in increased energy expenditure (due to increased temperatures) and may result in increased straying.  Adult migration timing is highly heritable.  The proportion of fish in the population affected is relatively unknown, although the effect likely results in low mortality.  The effect is highly variable from year to year, and in some years no thermal barriers develop.  We rated the selection intensity as low, thus 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 may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is no directed harvest of natural-origin fish within the Toppenish Creek watershed and the recreational trout fishery in the mainstem Yakima River likely has little to no selective impact on Toppenish Creek parr or smolts.  No phenotypic traits appear to be at risk as a result of this activity, thus the harvest rating is low risk for all traits.

Hatcheries:  The Yakima River steelhead hatchery program has been discontinued for more than one brood cycle.  Therefore, there is no selective impact of broodstock removals.  The hatchery component of selective impacts is rated as very low risk.
Habitat:  Altered flow profiles, increased temperatures, and non-endemic predators have occurred for many generations and are ongoing, which likely imposes selection on juvenile and adult migration timing and juvenile size.
Juvenile migration timing:  Late spring and early summer temperatures are elevated relative to historical conditions.  Juvenile migration timing is likely truncated as temperatures reach stressful levels early in the summer, and although there is some uncertainty regarding the degree of change, the selection intensity is assumed to be moderate.  Heritability of this trait is moderate to low, thus the impact of habitat changes on this trait is moderate.
Adult migration timing:  Increased water temperatures and decreased flow levels in the lower Yakima River relative to historical conditions impact returning Yakima River adult steelhead, especially the earliest components of the run.  Direct estimates of the selective impacts of these conditions on adult steelhead are not available.  However, given the magnitude of the temperature and flow impacts and the proportion of the population exposed, it is likely that the selective intensity is at least low.  Adult migration timing is highly heritable, thus the habitat impact on this trait is rated as moderate.
Juvenile size:  Smallmouth bass are present in the Yakima River and have shown size-selective predation on salmonids (Fritz and Pearson 2006).  However, that study did not differentiate species-specific predation rates and there is uncertainty regarding the spatial and temporal overlap with steelhead parr and smolts.  The majority of salmonid prey in that study were smaller (20-110 mm) than typical steelhead smolts.  Furthermore, the majority of steelhead smolts migrate early in the year when metabolic rates of bass would limit their consumption demand.  Therefore, we rated the selective pressure as low.  With low to moderate heritability of smolt size and age structure, the overall impact of habitat changes on this trait 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 during tern nesting season in May.  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 selective factor is low risk.
Adult and juvenile migration timing are both rated moderate for impacts from two selective criteria, hydropower and habitat changes.  Therefore, the overall selectivity rating for the Toppenish Creek steelhead population is moderate risk.





Spatial Structure and Diversity Summary
The integrated spatial structure/diversity rating is Moderate Risk for the Toppenish Creek summer steelhead population (Table 3.4.2–4).  The rating for Goal A (allowing natural rates and levels of spatially mediated processes) was low risk and the rating for Goal B (maintaining natural levels of variation) was moderate risk.  At a minimum, two major components of the spatial structure/diversity criteria must be addressed to move this population to a low risk rating.  Expansion of the current range into historically utilized rearing areas in the lower reaches of Toppenish Creek would increase the range of life history patterns towards historical levels.  The status relative to Goal B could be improved by addressing phenotypic variation.  The first step in addressing this component should be a more detailed evaluation of spawning and rearing timing.  An assessment should be designed to evaluate the relative shift in phenotypic characteristics for the population, and identify the factors driving those shifts.  If further analysis confirms a significant shift in phenotypic characteristics relative to either estimated historical conditions or unaltered reference populations that have a similar habitat, geologic, and hydrologic setting, restorations actions should be initiated.  Based on the scoring system, this metric must be addressed in order for the status of Goal B to improve to low risk.
Table 3.4.2– 4.  Toppenish Creek summer steelhead population spatial structure and diversity risk rating summary.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

	A.1.a
	L (1)
	L (1)
	Low Risk
(Mean = 0.67)
	Low Risk
(Mean = 0.67)
	Moderate Risk

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

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

	B.1.a
	M (0)
	M (0)
	Moderate Risk (0)
	Moderate Risk (0)
	

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

	B.1.c
	M (0)
	M (0)
	
	
	

	B.2.a(1)
	L (1)
	Low Risk 
(1)
	Low Risk (1)
	
	

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

	B.2.a(3)
	VL (2)
	
	
	
	

	B.2.a(4)
	L (1)
	
	
	
	

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

	B.4.a
	M (0)
	M (0)
	M (0)
	
	





Overall Viability Rating 
The Toppenish Creek steelhead population does not meet ICTRT viability criteria.  However, the population does meet ICTRT criteria to be a candidate for MAINTAINED status (Figure 3.4.2–7).  Overall abundance and productivity is rated at Moderate Risk.  The 10-year geometric mean abundance of natural-origin spawners is 322, which is 64% of the minimum abundance threshold of 500.  The 15-year geometric mean productivity (1.60 R/S; Table 3.4.2–6) exceeds the 1.56 R/S minimum required at the abundance threshold.  However, there is considerable uncertainty due to the short time series for productivity.  Analysis of additional brood years will be critical to demonstrating sustained R/S values above the low risk criteria level.  To achieve viable status, the abundance of the Toppenish Creek population must be increased to maintain the population above the minimum abundance threshold of 500 natural-origin spawners.  Overall spatial structure and diversity is also rated at Moderate Risk.  To achieve very low risk status (high viability) improvements in abundance would need to be accompanied by changes in patterns of phenotypic diversity. 
	
	
	Spatial Structure/Diversity Risk

	
	
	Very Low
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	HV
	HV
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	V
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	M
	M
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	HR
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Figure 3.4.2– 7.  Toppenish Creek 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 – Toppenish Creek
Data type:  Yakima River drainage aggregate annual counts at Prosser Dam allocated to populations based on radio-tracking data and population-specific redd counts (see Current Abundance and Productivity for description of approach).
SAR:  Averaged Deschutes, Umatilla, Snake, and Upper Columbia River steelhead series
Table 3.4.2– 5.  Toppenish Creek summer steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bold values were used in estimating the current productivity (Table 3.4.2–6).  The ICTRT procedure for estimating population-specific current productivities results in productivity being estimated as the geometric mean R/S ratio for parent escapements below the median for the data series.
[image: ]

Table 3.4.2– 6.  Toppenish Creek summer steelhead population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
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Table 3.4.2– 7.  Toppenish Creek summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
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Figure 3.4.2– 8.  Toppenish Creek summer steelhead population stock recruitment curves.  All available data were used in estimating the current productivity.  Data were not adjusted for marine survival.
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Figure 3.4.2– 9.  Toppenish Creek summer steelhead population stock recruitment curves.  All available data 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 3.4.3–2) and fitting a capacity estimate to the data series.


1.1.4 [bookmark: _Toc201478227]
  Current Status Assessment – Naches River Summer Steelhead Population  
The Naches River drains some of the highest and wettest terrain in the Yakima River subbasin.  The Naches and Tieton rivers are considerably steeper and naturally more confined than most of the Yakima River.  Nevertheless, the pre-development floodplain reaches of the mainstem Naches River and its tributaries provided a labyrinth of channels surrounded by extensive riparian forests that maintained cool summer temperatures and habitat complexity for all life stages of salmon and steelhead (Kinnison & Sceva 1963; Snyder & Stanford 2001a; Stanford et al. 2002).  In an unregulated condition, the flow of the Naches River would be characteristic of snowmelt-dominated systems where discharge peaks between May and June, concurrent with melting snow, and reaches base flow in August and September.  Late autumn rainfall and minor snowmelt would augment summer base flow, with occasional winter high water events under the influence of Chinook winds.  This flow pattern maintained a variety of habitats.  Above the confluence with the Tieton River, the Naches River and its tributaries have some of the most natural flow regimes in the Yakima River basin.  Below the Tieton River confluence, the Naches River floodplain widens, although a highway and other structures have isolated the river from part of the active floodplain.  Rimrock Reservoir blocks passage to upstream habitat and has a major effect on flows in the Tieton River and lower Naches River mainstem.  
The Naches River summer steelhead population (Figure 3.4.3–1) is one of four populations in the Yakima River MPG within the Mid-Columbia steelhead DPS.  All four populations in this MPG are summer run and can be classified as either A-run or B-run based on their size and ocean life history.  The Naches River population is considered to be of the A-run type. 
The Interior Columbia Technical Recovery Team (ICTRT) has classified the Naches River steelhead population as “large” in size and complexity based on a structured analysis of historical intrinsic potential.  To be rated as viable under the ICTRT criteria, a steelhead population classified as large must have a minimum abundance of 1,500 natural-origin spawners with sufficient intrinsic productivity (≥ 1.26 recruits per spawner at the abundance threshold) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Naches 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 1.53 recruits per spawner at the minimum abundance threshold.
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Figure 3.4.3– 1.  Naches River summer steelhead population boundary and major (MaSA) and minor (MiSA) spawning areas.

Table 3.4.3– 1.  Naches River summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	4,602

	Stream lengths km (total) a
	2,853

	Stream lengths km (below natural barriers) a
	1,934

	Branched stream area weighted by intrinsic potential (km2)
	5.088

	Branched stream area km2 (weighted and temp. limited) b
	4.495

	Total stream area weighted by intrinsic potential (km2)
	7.207

	Total stream area weighted by intrinsic potential (km2) temp limited b
	5.849

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

	Number of major spawning areas (MaSAs)
	8

	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 mean weekly modeled water temperature was >22oC.

Current Abundance and Productivity 
[image: ]Estimates of current (1985 to 2004) total abundance (number of adult spawners in natural production areas) have ranged from 142 in 1996 to 1,454 in 2002 (Figure 3.4.3–2) and has been somewhat variable.  The 10-year (1995-2004) geometric mean abundance of natural-origin spawners was 472 (Table 3.4.3–2).  

During the period 1985-1999, recruits per spawner (R/S, in terms of spawner to spawner) for summer steelhead in the Naches River population ranged from 0.37 in 1986 to 5.03 in 1996.  Adjusting these values to reflect the average smolt-to-adult return rate (SAR) and delimited at 75% (1,125 spawners) of the abundance threshold, the 15-year (1985-1999) geometric mean productivity was 1.12 R/S.  For the period 1985 through 2004, the average trend in natural-origin abundance was flat, and the average population growth rate was slightly positive (Table 3.4.3–2).  The estimated hatchery proportion on the spawning grounds is relatively low for the Naches River.  As a result, calculating the population growth rate setting relative hatchery effectiveness to 0.0 has little impact on the result.  Caution should be taken when evaluating the status of a population with fewer than 20 years of recruit/spawner data.  Figure 3.4.3– 2.  Naches River summer steelhead population spawner abundance estimates (1985 to 2004.).


Future status assessments of Naches River steelhead population abundance and productivity would be substantially improved by the addition of a more specific index of annual spawning levels within the population, or by periodic mark-recapture or radio-tracking studies to verify the Naches River returns as a proportion of the Prosser Dam run.    

Table 3.4.3– 2.  Naches River summer steelhead population abundance and productivity estimates.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	472
	(142-1454)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.94
	(0.84-1.00)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (15-year R/S, SAR adjusted & delimited) a
	1.12
	(0.76-1.65)
	0.22

	Productivity (15-year Beverton-Holt fit, SAR adjusted) 
	n/a
	n/a
	n/a

	Trend Statistics (1985-2005)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	1.02
	(0.96-1.18)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	1.00
	(0.72-1.39)
	0.51

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	1.02
	(0.74-1.41)
	0.57


a. Delimited productivity excludes any recruit/spawner pair where the spawner number >75% of the population’s minimum abundance threshold.  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. 



The Naches River summer steelhead population is at High Risk based on current abundance and productivity (Figure 3.4.3–3).  The point estimate falls below the 25% risk curve.
[image: ]Spatial Structure and Diversity 
The ICTRT has identified eight historical major spawning areas (MaSAs) and two minor spawning areas (MiSAs) associated with the Naches River steelhead population (Figures 3.4.3–1 and 3.4.3–4).  Seven of the MaSAs are in the Naches River drainage.  The remaining MaSA, Ahtanum Creek, is a major tributary to the Yakima River mainstem entering just downstream of the Naches River confluence.  The two MiSAs are small tributaries to the lower mainstem of the Naches River itself. Figure 3.4.3– 3.  Naches River summer steelhead population current abundance/productivity (A/P) compared to the DPS viability curve.  Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A/P.

Current spawning distribution has been documented in all of the MaSAs, based on agency-defined distribution (WDFW 2003).
[image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  The Tieton has the greatest proportion of the spawning areas at 34%.  There are small fractions of the Tieton, Ahtanum, and Cowiche that may be subject to temperature limitations.  The Moxee and Wide Hollow minor spawning areas may have been subject to temperature limitations.
]Figure 3.4.3– 4.  Naches 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
Based on the ICTRT major spawning area analysis and agency defined distribution, seven of the eight MaSAs were occupied.  Cowiche Creek is currently rated as not occupied.  Spawners have been observed in the lower end of Cowiche Creek (very low abundance in the accessible portions of that watershed) but the majority and highest quality habitats in the upper section of the MaSA were not accessible until 2007 (in 2006 the last passage barriers were removed).  The Tieton River MaSA includes the major mainstem Naches River spawning reach above the Tieton River confluence and is currently rated as occupied using the ICTRT guidelines (current spawning in both the upper and lower half of a MaSA relative to the distribution of historical potential).  Under current conditions, spawners are blocked from the upper reaches of the Tieton River by Rimrock Dam and spawning is limited in the mainstem Tieton River by the current flow regime.  Relatively small spawning areas in the lower Tieton River (Oak Creek) and the mainstem Naches River above the Tieton River confluence are occupied, along with the relatively large area in the mainstem Naches River.  ICTRT metrics consider number and distribution of MaSAs, and this population has four or more MaSAs in a non-linear configuration separated by more than two confluences.  Thus, this factor rates at a very low risk for the Naches River population, with or without consideration of the Tieton River as an occupied MaSA.  

A.l.b.  Spatial extent or range of population
More than 75% of the identified MaSAs are currently rated as occupied.  Therefore the rating for spatial extent or range is low risk. 
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Figure 3.4.3– 5.  Naches 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
Lack of data on population distribution may bias this metric toward underestimating gaps in the spawning distribution.  Under the basic ICTRT guidelines, this factor rates as a low risk for the Naches River population because there are no “unoccupied” MaSAs that cause gaps of 10 km or more between MaSAs.  However, due to lack of data there is uncertainty regarding the frequency, distribution, and abundance of redds within each MaSA and more extensive spawning ground surveys are needed to better rate this metric. 
B.1.a.  Major life history strategies
Based on limited historic files from the Washington Department of Fish & Wildlife (WDFW), there has been a reduction in older age juveniles in this population, reflecting a reduction in mainstem rearing habitats.  The Tieton MaSA may have historically contained unique life histories due to its position in the watershed (relative to mainstem juvenile rearing habitats), large size, and migratory conditions within the long, confined channel of the lower Tieton River.  Spawning and rearing habitats within this MaSA have been lost or severely compromised by a combination of blockage and summer/fall flow operations affecting both the tributary and the mainstem habitats below the confluence.  Loss of production from habitats in the Tieton River and the associated mainstem Naches River has likely resulted in the loss of juvenile life history diversity.  Therefore the Naches River steelhead population is rated at moderate risk for this metric.
B.1.b.  Phenotypic variation
The effects of flow modification on out-migration timing in the Naches River population are similar to those for the upper Yakima River.  While the upper portion of the watershed has substantially normative flow conditions (with the exception of the Bumping River) from the Naches/Tieton confluence downstream, flows during the out-migration period have been significantly reduced.  The Naches River steelhead population is rated as moderate risk for this metric. 
B.1.c.  Genetic variation
At least two studies (Loxterman & Young 2003, Phelps et al. 2000) indicate some genetic introgression into this population from planted resident (Goldendale) rainbow, and Skamania Hatchery steelhead.  Limited facilities or opportunities for sampling of adults and juveniles have limited the genetic studies and data available for this population.  Loxterman and Young’s study also indicates a high degree of uniqueness in the Ahtanum MaSA compared to other spawning concentrations in the subbasin.  This spawning area has been at very low abundance for a number of generations, and these results may reflect genetic drift, but more study is needed.  
The ICTRT genetics subgroup reviewed available samples for the Naches River drainage and concluded that: 1) Two samples from within-population were not significantly different; and 2) some samples from within the Naches River drainage were not significantly differentiated from upper Yakima River samples, although relative differentiation is consistent.  
As a result, the current genetic variation risk rating for the Naches River population is driven by a balance between apparent similarity within and between populations (which would indicate a moderate rating), and a relative degree of differentiation within and between populations (indicating a lower rating).  We recommend rating the population at low risk for this factor and suggest that this situation be monitored, including finer scale spatial and temporal sampling to ensure that this situation merits and maintains its low rating.

B.2.a.  Spawner composition

Hatchery releases of steelhead within the Yakima River basin were essentially discontinued in 1989.  From 1985 until 1989, broodstock for within-basin releases were collected from returns at Prosser Dam.  Prior to 1985, the sources of broodstock for releases within the Yakima River drainage were from out side the basin.  
(1) Out-of-DPS spawners: The population was rated at low risk for this metric due to the relatively low percentage of hatchery fish entering the Yakima River basin (Prosser Dam count) and the 20-year absence of out-of-DPS hatchery programs within the Yakima River basin.  
(2) Out-of-MPG spawners from within the DPS:  The population was rated at low risk for this metric due to the relatively low percentage of hatchery fish entering the Yakima River basin (Prosser Dam count) and the 20-year absence of out-of-DPS hatchery programs within the Yakima River basin.  
(3) Out-of-population spawners from within the MPG:  There are no data on the stray rates between populations within this MPG.  However, there are no anthropogenic influences that would artificially increase the natural stray rate between populations in this MPG.  Therefore, the population is at very low risk for this metric.
(4) Within-population hatchery spawners:  The impact of within-basin straying rates at low risk, since there have been two generations of returns since the termination of the release program.
Based on low risk ratings across the four metrics, we conclude that the overall rating for spawner composition for the Naches River summer steelhead population is at low risk.  However, there are still extensive releases of rainbow trout in the upper sections of this population which may affect this population.  Future monitoring should address possible interactions between these groups.
B.3.a.  Distribution of population across habitat types
The historical potential analysis developed by the ICTRT indicates that spawning occurred across six different ecoregions for the Naches River steelhead population (Figure 3.4.3–4, Table 3.4.3–3).  Four of the six ecoregions each supported at least 10% of the total spawning area estimated for the population.  Current distribution indicates that five of the six ecoregions support some level of spawning (WDFW 2003).  The only ecoregion not currently supporting spawning represented a minor component of the historical distribution (3%).  Two of the remaining ecoregions exhibited large shifts in relative contributions relative to the historical potential analysis, but only one of those (Western Cascades Montane Highlands) shifts met the levels for substantial detrimental changes in the ICTRT guidelines.  Therefore the Naches River steelhead population is assigned a rating of low risk (four significant ecoregions historically and no more than one substantial shift).
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Figure 3.4.3– 6.  Naches River summer steelhead population spawning distribution across EPA level IV ecoregions.

 Table 3.4.3– 3.  Naches 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)

	Cascade Subalpine/Alpine
	3.0
	0.0

	Grand Fir Mixed Forest
	23.1
	19.6

	Pleistocene Lake Basins
	7.6
	17.1

	Western Cascades Montane Highlands
	19.9
	4.2

	Yakima Folds
	19.0
	18.4

	Yakima Plateau & Slopes
	27.4
	40.7




B.4.a.  Selective change in natural processes or selective impacts
Hydropower system:  This population passes four dams on the lower 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. 
Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring as temperatures rise and flow decreases, causing increased travel time, increased energy expenditure and greater physiological stresses.  Given the number of dams that this population must cross, and likely increased mortality as the season progresses, overall selection intensity 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.
Adult migration timing:  Adult migrants are affected by thermal blocks that are larger in size and longer in duration relative to historic conditions in the Columbia River system.  These result in delays, likely result in increased energy expenditure (due to increased temperatures) and may result in increased straying.  Adult migration timing is highly heritable.  The proportion of fish in the population affected is relatively unknown, although the effect likely results in low mortality.  The effect is highly variable from year to year, and in some years no thermal barriers develop.  We rated the selection intensity as low, thus 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 may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is no directed harvest of natural-origin fish within the Naches River watershed and the recreational trout fishery in the mainstem Yakima River likely has little to no selective impact on Naches River parr or smolts.  No phenotypic traits appear to be at risk as a result of this activity, thus the harvest rating is low risk for all traits.

Hatcheries:  The Yakima River steelhead hatchery program has been discontinued for more than one brood cycle.  Therefore, there is no selective impact of broodstock removals or other hatchery practices.  The hatchery component of selective impacts is rated as very low risk.
Habitat:  Altered flow profiles, increased temperatures, and non-endemic predators have occurred for many generations and are ongoing, which likely imposes selection on juvenile and adult migration timing and juvenile size.
Juvenile migration timing:  Late spring and early summer temperatures are elevated relative to historical conditions.  Juvenile migration timing is likely truncated as temperatures reach stressful levels early in the summer.  The long distance the fish must travel to reach the lower river combined with slower rates of migration may make this population especially susceptible to reduced habitat quality in the lower river.  The variant flow characteristics in the lower Naches River mainstem coupled with the confinement of the river channel has reduced rearing habitat availability and survival, selecting for rearing in tributaries as opposed to the more historically productive and extensive habitats in the mainstem.  It is likely that the ongoing effects of these habitat changes result in differentially high mortalities on a significant proportion of the population, resulting in high selection intensity.  Heritability of this trait is moderate to low, thus the habitat impact on this trait is high.
Adult migration timing:  Increased water temperatures and decreased flow levels in the lower Yakima River relative to historical conditions impact returning Yakima River adult steelhead, especially the earliest components of the run.  Direct estimates of the selective impacts of these conditions on adult steelhead are not available.  In the mainstem Naches River, late summer and early fall flows are different from historical conditions due to the irrigation projects in the basin.  Early arriving adults now encounter more water in the mainstem Naches River than they probably would have historically due to storage reservoir releases.  An early returning adult migration strategy would likely not have been successful historically due to natural low flows in the Naches River during late summer and early fall.  However, given the magnitude of the temperature and flow impacts and the proportion of the population exposed, it is likely that the selective intensity is at least low.  Adult migration timing is highly heritable, thus the habitat impact on this trait is rated as moderate.
Juvenile size:  Smallmouth bass are present in the Yakima River and have shown size-selective predation on salmonids (Fritz and Pearson 2006).  However, that study did not differentiate species-specific predation rates and there is uncertainty regarding the spatial and temporal overlap with steelhead parr and smolts.  The majority of salmonid prey in that study were smaller (20-110 mm) than typical steelhead smolts.  Furthermore, the majority of steelhead smolts migrate early in the year when metabolic rates of bass would limit their consumption demand.  Therefore, we rated the selective pressure as low.  With low to moderate heritability of smolt size and age structure, the overall impact of habitat changes on this trait 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 during tern nesting season in May.  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 selective factor is low risk.
The adult migration timing trait has two moderate ratings (hydropower and habitat) and the juvenile migration timing trait has one moderate (hydropower) and one high (habitat) rating.  Therefore, the overall selectivity rating for the Naches River steelhead population is high risk.

Spatial Structure and Diversity Summary
The integrated spatial structure/diversity rating is Moderate Risk for the Naches River summer steelhead population (Table 3.4.3–4).  The rating for Goal A (allowing natural rates and levels of spatially mediated processes) was low risk and the rating for Goal B (maintaining natural levels of variation) was moderate risk.  The status relative to Goal B could be improved by addressing phenotypic variation.  The first step in addressing this component should be a more detailed evaluation of the timing of spawning and rearing.  An assessment should be designed to evaluate the relative shift in phenotypic characteristics for the population, and identify the factors driving those shifts.  If further analysis confirms a significant shift in phenotypic characteristics relative to either estimated historical conditions or unaltered reference populations that have a similar habitat, geologic, and hydrologic setting, restorations actions should be initiated.  The rating could also be improved by further implementation and evaluation of modifications designed to reduce the detrimental selective impacts of activities on within-basin passage.  Based on the scoring system, this metric must be addressed in order for the status of Goal B to improve to low risk.
Table 3.4.3– 4.  Naches River summer steelhead 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)
	Moderate Risk

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

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

	B.1.a
	M (0)
	M (0)
	Moderate Risk (0)
	Moderate Risk (0)
	

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

	B.1.c
	L (1)
	L (1)
	
	
	

	B.2.a(1)
	L (1)
	Low Risk (1)
	Low Risk (1)
	
	

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

	B.2.a(3)
	VL (2)
	
	
	
	

	B.2.a(4)
	L (1)
	
	
	
	

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

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



Overall Viability Rating 
The Naches River summer steelhead population does not meet ICTRT viability criteria and the overall viability rating is considered HIGH RISK (Figure 3.4.3–7).  Overall abundance and productivity is rated at High Risk.  The 10-year geometric mean abundance of natural-origin spawners is 472, which is only 31% of the minimum abundance threshold of 1,500.  The 15-year geometric mean productivity (1.12 R/S; Table 3.4.3–6) is below the viability minimum of 1.26 R/S at the minimum abundance threshold.  The overall spatial structure and diversity rating is at Moderate Risk.  To achieve viable status, abundance and productivity of the population must be increased significantly.  To achieve very low risk status (high viability) improvements in abundance and productivity would need to be accompanied by improvements in spatial structure and diversity focusing on changes in phenotypic expression and anthropogenic selective activities. 
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Figure 3.4.3– 7.  Naches 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 – Naches River
Data type:  Proportion of Prosser Dam count (aggregate across Yakima River basin populations).  Naches River proportion was based on 1990-1992 radio-tagging distribution. 
SAR:	Averaged Deschutes, Umatilla, Snake, and Upper Columbia River steelhead series
Table 3.4.3– 5.  Naches River summer steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bold values were used in estimating the current productivity (Table 3.4.3–6).
[image: ]

Table 3.4.3– 6.  Naches River summer steelhead population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
[image: ]

Table 3.4.3– 7.  Naches River summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
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Figure 3.4.3– 8.  Naches River summer steelhead population stock recruitment curves.  All available data points were used in estimating the current productivity.  Data were not adjusted for marine survival.
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Figure 3.4.3– 9.  Naches River summer steelhead population stock recruitment curves.  All available data 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 3.4.3–2) and fitting a capacity estimate to the data series.

1.1.5 [bookmark: _Toc201478230]
  Current Status Assessment – Upper Yakima River Summer Steelhead Population 
The Yakima River above the Naches River confluence is nearly 100 miles long and drains almost twice as much area as the Naches River drainage.  The mainstem of the Upper Yakima River is relatively low gradient with extensive floodplains which once contained multiple channels and large areas of spawning and rearing habitat for salmonids.  A number of tributaries to the Upper Yakima River (e.g., Swauk, Wilson, Naneum, Big, Little, Taneum, Manastash, Tucker, Cook, Caribou, Coleman, and Reecer Creeks) historically supported steelhead, but due to impassable dams, dry reaches below dams and unscreened diversions, steelhead use of these tributaries has been greatly reduced or eliminated.  Historically accessible habitat above the storage dams for Lakes Cle Elum, Kachess and Keechelus has also been unavailable to steelhead since the early 20th century. 
The Upper Yakima River summer steelhead population (Figure 3.4.4–1) is part of the Yakima River MPG within the Mid-Columbia steelhead DPS.  All four populations in this MPG are summer run and can be classified as either A-run or B-run based on their size and ocean life history.  The Upper Yakima River population is considered to be of the A-run type.  
The Upper Yakima River steelhead population is classified as “large” in size and complexity based on historical intrinsic potential analysis (ICTRT 2007).  This classification requires a minimum abundance threshold of 1,500 natural-origin spawners with sufficient intrinsic productivity (≥ 1.26 recruits per spawner at the abundance threshold) to achieve a 5% or less risk (“low risk”) of extinction over a 100-year timeframe.  In order for the Upper Yakima 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 1.53 recruits per spawner at the minimum abundance threshold (ICTRT 2007).  

[image: YRUMAsteelhead-msa-landscape]
Figure 3.4.4– 1.  Upper Yakima River summer steelhead population major (MaSA) and minor (MiSA) spawning areas.

Table 3.4.4– 1.  Upper Yakima River summer steelhead population basin statistics and intrinsic potential analysis summary.
	Drainage area (km2)
	5,540

	Stream lengths km (total) a
	3,925

	Stream lengths km (below natural barriers) a
	3,003

	Branched stream area weighted by intrinsic potential (km2)
	7.531

	Branched stream area km2 (weighted and temp. limited) b
	7.456

	Total stream area weighted by intrinsic potential (km2)
	9.038

	Total stream area weighted by intrinsic potential (km2) temp limited b
	8.795

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

	Number of major spawning areas (MaSAs)
	14

	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 mean weekly modeled water temperature was >22oC.
Current Abundance and Productivity 
Estimates of current (1985 to 2004) Upper Yakima River steelhead natural abundance (number of spawners in natural production areas) have ranged from 34 in 1994 to 283 in 2002 (Figure 3.4.4–2), much lower than the 1,500 spawner threshold.  The 10-year (1995-2004) geometric mean abundance of natural-origin spawners was 85 (Table 3.4.4–2).  Hatchery releases of steelhead into the Yakima River system have been discontinued.  The proportion of returning spawners that are of natural-origin has averaged 98% since 1985 for this population.

[image: ]During the period 1985-1999, recruits per spawner (R/S, in terms of spawner to spawner) for summer steelhead in the Upper Yakima River population ranged from 0.35 in 1988 to 4.87 in 1997.  After adjusting to reflect the average smolt-to-adult return rate (SAR) and delimiting values to 75% (1,125 spawners) of the abundance threshold, the 15-year (1985-1999) geometric mean productivity was 1.12 R/S.  Caution should be taken when evaluating the status of a population with fewer than 20 years of R/S data.  The estimated recent trend metrics for the Upper Yakima River steelhead population are both relatively flat, indicating an average rate of increase of approximately 1% per year (Table 3.4.4–2).  Returns in 2001-2004 are at approximately the same levels as the estimates for returns in the late 1980s but earlier returns were generally lower (Figure 3.4.4–2).  The relatively flat trend in natural returns indicates that, to date, access to the additional habitat capacity above Roza Dam has not resulted in increased steelhead production in this population. Figure 3.4.4– 2.  Upper Yakima River summer steelhead population spawner abundance estimates (1985-2004).


Table 3.4.4– 2.  Upper Yakima River summer steelhead population abundance and productivity estimates.
	Abundance/Productivity Statistics
	Estimate
	(Range)
	

	Abundance: natural-origin spawners (10-year geometric mean, range)
	85
	(34-283)
	

	Proportion: natural-origin spawners (10-year geometric mean, range)
	0.98
	(0.92-1.00)
	

	
	Estimate
	(90% CI)b
	SE

	Intrinsic productivity (15-year R/S, SAR adjusted & delimited) a
	1.12
	(0.76-1.65)
	0.22

	Productivity (15-year Beverton-Holt fit, SAR adjusted) 
	n/a
	n/a
	n/a

	Trend Statistics (1985-2004)
	Estimate
	(95% CI)
	P>1.0

	ln(natural-origin spawner abundance)
	1.01
	(0.95-1.17)
	

	Population growth rate (λ):  Hatchery effectiveness = 1.0
	1.01
	(0.74-1.39)
	0.53

	Population growth rate (λ):  Hatchery effectiveness = 0.0
	1.01
	(0.74-1.39)
	0.55


a. Delimited productivity excludes any recruit/spawner pair where the spawner number >75% of the population’s minimum abundance threshold.  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: ]As a result, the Upper Yakima River summer steelhead population is at High Risk based on current abundance and productivity.  The point estimate resides well below the 25% risk curve (Figure 3.4.4–3). 






Spatial Structure and Diversity Figure 3.4.4– 3.  Upper Yakima River summer steelhead population current abundance/productivity (A/P) compared to the DPS viability curve.  Ellipse = 1 SE about the point estimate.  Error bars = 90% CI for A/P.

The ICTRT identified 14 major spawning areas (MaSAs) and two minor spawning areas (MiSAs) in the Upper Yakima River summer steelhead population (Figure 3.4.4–4), based on historical intrinsic potential analysis.  
[image: Bar chart showing the proportion of intrinsic potential among major and minor spawning areas.  The Upper Yakima has the greatest proportion of 14 major spawning areas at 13%.  A small portion of the Wenas Creek major spawning area could potentially have had historical temperature limitations.
]
Figure 3.4.4– 4.  Upper Yakima 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
Seven of the 14 MaSAs in the Upper Yakima River population are rated as occupied (Figure 3.4.4–5) based on Washington Department of Fish and Wildlife current spawning distribution estimates (WDFW 2003).  Four additional MaSAs have spawning in lower reaches only.  However, there is some uncertainty regarding the upper range of steelhead distribution in the Upper Yakima River.  Temperature conditions in the Cle Elum River are within the temperature ranges for steelhead, but streams above Kachess and Keechelus reservoirs may not have been suitable habitats.  With this many occupied MaSAs, the Upper Yakima River population would be rated as low risk for this factor based on the seven currently occupied MaSAs.

A.l.b.  Spatial extent or range of population
The Upper Yakima River steelhead population is rated at moderate risk for this metric, given that only 50% of the historical MaSAs are currently identified as occupied.  A number of the small low elevation tributaries to the Upper Yakima River identified by the ICTRT habitat potential model were likely dry for most of the year and may not have historically supported steelhead production (e.g., Selah, upper Lmuma and Moxee creeks).
[image: YRUMAsteelhead-use-landscape-ver2]
Figure 3.4.4– 5.  Upper Yakima 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
Currently there are substantial gaps separating major spawning areas supporting steelhead spawning within the Upper Yakima River population, particularly downstream of the Taneum MaSA.  Seven out of 14 potential MaSAs in this population are currently rated as unoccupied.  Some occupied MaSAs are separated from one another by vacant major and minor production areas, and these gaps exceed 10 km.  In addition, loss of spawning in the lower reaches of some major spawning areas has substantially increased the effective distance between occupied spawning areas (e.g. Upper Yakima and West Teanaway MaSAs).  This factor rated as high risk due to gaps exceeding 10 km between unoccupied MaSAs. 
B.1.a.  Major life history strategies
This population is a summer run steelhead population.  There is a strong resident O. mykiss component that comprises a much higher proportion of the overall population and may represent a significant shift from historic conditions that have changed substantially based on water management in the Yakima River basin.  No direct measures are available of the historical range of alternative steelhead juvenile life history patterns historically present within the Upper Yakima River summer steelhead population.  A number of basic patterns can be inferred from the range of habitat conditions that were present.  Many of those patterns are precluded by the loss of mainstem rearing capability across the population, the loss of spawning and rearing capabilities in the lower reaches of major tributaries (e.g., MaSAs) and the loss of pre-smolt migration pathways within and between tributaries and the mainstem Yakima River.  Based on these assumptions, the Upper Yakima River would be rated at high risk for this metric.
B.1.b.  Phenotypic variation
While no historical sampling data are available to directly determine if changes in phenotypic characteristics have occurred for this population, there have been significant changes in habitat conditions clearly related to life history characteristics. For example, flows during the out-migration period have been significantly altered in time and volume relative to historical conditions.  This likely effects at least two phenotypic traits including juvenile rearing distribution patterns, smolt age, and migration timing.  Therefore, the Upper Yakima River steelhead population is rated as moderate risk for this metric. 
B.1.c.  Genetic variation
The ICTRT genetics subgroup concluded that: 1) two samples within the population were not significantly different from each other, and 2) there was evidence of consistent differentiation from other populations and clustering among Yakima River basin samples.  Therefore the ratings for this population are driven by balance between apparent similarity within and between populations (which would indicate a moderate risk rating), and the relative degree of differentiation within and between populations (indicating a lower rating).  We suggest that this situation be monitored, including finer scale sampling to ensure that this situation maintains its low rating.
Several studies (Phelps et al. 2000, Loxterman and Young 2003) indicate significant genetic introgression into this population from planted resident (Goldendale) rainbow trout, mixed Columbia River stock steelhead, and Skamania Hatchery steelhead.  Possibly related is an increase in heterozygosity compared to other populations in the subbasin.  A significant proportion of these data are the result of sampling of resident fish in the Upper Yakima River, but introgression of non-indigenous steelhead genes into the resident population, and observation of interbreeding between the two life histories, makes it highly probable that genetic introgression has also occurred into that portion of the population that still exhibits anadromy.  Subbasin planners concluded that this factor rates at high risk for this population.
B.2.a. Spawner composition
Steelhead are no longer stocked in the Yakima River subbasin.  However, steelhead from several sources were introduced over the years, most notably Skamania Hatchery stock which originated from the Washougal River.  In 1985, the Yakama Nation (YN) and WDFW started a hatchery production program with natural-origin Yakima River stocks.  Broodstock were trapped by YN at Prosser Dam and transported to the WDFW Yakima hatchery for spawning, egg incubation and rearing.  The co-mangers agreed that natural-origin broodstock collection should discontinue after 1989 because of a low smolt-to-adult survival rate and since there was no way to differentiate steelhead populations at Prosser Dam.  From 1990-1992 a small number of adult Yakima River subbasin steelhead were trapped and their progeny reared by the Yakima-Klickitat Fisheries Project (YKFP) to evaluate species interactions in the upper Yakima River.  Hatchery-produced steelhead smolts were last released in the Yakima River subbasin in 1993 (Fast and Berg 2001).  There is no direct evidence of significant inputs of out-of-population hatchery spawners.  Current practices in the Yakima River subbasin support a low risk rating for this metric. 
B.3.a. Distribution of population across habitat types
The historical spawning distribution within the Upper Yakima River population included significant (>10%) contributions from tributary habitat within four ecoregions.  Comparing current spawning distribution indicates some current spawning in each of those ecoregions, with substantial reductions in the degree of occupancy of one ecoregion (Yakima Plateau & Slopes; WDFW 2003).  Under the guidelines developed by the ICTRT, the Upper Yakima River population is rated at low risk for this metric.  The analysis indicated a substantial reduction in the relative contribution of spawning in another of the four ecoregions with substantial historical presence (Yakima Folds).  A small additional shift of the proportion of spawners in this ecoregions would trigger a moderate risk rating for this metric.
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Figure 3.4.4– 6.  Upper Yakima River summer steelhead population spawning distribution across EPA level IV ecoregions.

Table 3.4.4– 3.  Upper Yakima 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)

	Cascade Subalpine/Alpine
	0.3
	0.0

	Chiwaukum Hills & Lowlands
	19.6
	56.0

	Grand Fir Mixed Forest
	2.1
	0.0

	North Cascades Highland Forests
	13.9
	7.2

	North Cascades  Subalpine/Alpine
	2.7
	0.0

	Pleistocene Lake Basins
	8.1
	21.7

	Western Cascades Montane Highlands
	3.0
	0.0

	Yakima Folds
	31.6
	10.9

	Yakima Plateau & Slopes
	18.7
	4.2



B.4.a. Selective change in natural processes or selective impacts
Hydropower system:  This population passes four dams on the lower 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. 
Juvenile migration timing:  Changes in flow and temperature patterns likely inhibit out-migration in late spring as temperatures rise and flow decreases, causing increased travel time, increased energy expenditure and greater physiological stresses.  Given the number of dams that this population must cross, and likely increased mortality as the season progresses, overall selection intensity 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.
Adult migration timing:  Adult migrants are affected by thermal blocks that are larger in size and longer in duration relative to historic conditions in the Columbia River system.  These result in delays, likely result in increased energy expenditure (due to increased temperatures) and may result in increased straying.   Adult migration timing is highly heritable.  The proportion of fish in the population affected is relatively unknown, although the effect likely results in low mortality.  The effect is highly variable from year to year, and in some years no thermal barriers develop.  We rated the selection intensity as low, thus 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 may be a very slight advantage for earlier returning fish as a result of the timing of the Chinook salmon fishery, and while heritability of adult migration timing is high, the impacts are slight enough to be negligible.  There is no directed harvest of natural-origin fish within the Upper Yakima River watershed and the recreational trout fishery in the mainstem Yakima River likely has little to no selective impact on Upper Yakima River parr or smolts.  No phenotypic traits appear to be at risk as a result of this activity, thus the harvest rating is low risk for all traits.

Hatcheries:  The Yakima River steelhead hatchery program has been discontinued for more than one brood cycle.  Therefore, there is no selective impact of broodstock removals.  The hatchery component of selective impacts is rated as very low risk.
Habitat: Altered flow profiles, increased temperatures, and non-endemic predators have occurred for many generations and are ongoing, which likely imposes selection on juvenile and adult migration timing and juvenile size.
Juvenile migration timing:  Late spring and early summer temperatures are elevated relative to historical conditions.  Juvenile migration timing is likely truncated as temperatures reach stressful levels early in the summer.  Additionally, this population is affected by a reduction in flows in the early migration season and further delayed by out-migration conditions at Roza Dam.  The long distance the fish must travel to reach the lower river combined with slower rates of migration may make this population especially susceptible to reduced habitat quality in the lower river.  The variant flow characteristics in the Upper Yakima River mainstem coupled with the confinement of the river channel has reduced rearing habitat availability and survival, selecting for rearing in tributaries as opposed to the more historically productive and extensive habitats in the mainstem.  It is likely that the ongoing effects of these habitat changes result in differentially high mortalities on a significant proportion of the population, resulting in high selection intensity.  Heritability of this trait is moderate to low, thus the habitat impact on this trait is high.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Adult migration timing:  Increased water temperatures and decreased flow levels in the lower Yakima River relative to historical conditions impact returning Yakima River adult steelhead, especially the earliest components of the run.  Direct estimates of the selective impacts of these conditions on adult steelhead are not available.  However, given the magnitude of the temperature and flow impacts and the proportion of the population exposed, it is likely that the selective intensity is at least low.  Adult migration timing is highly heritable, thus the habitat impact on this trait is rated as moderate.
Juvenile size:  Smallmouth bass are present in the Yakima River and have shown size-selective predation on salmonids (Fritz and Pearson 2006).  However, that study did not differentiate species-specific predation rates and there is uncertainty regarding the spatial and temporal overlap with steelhead parr and smolts.  The majority of salmonid prey in that study were smaller (20-110 mm) than typical steelhead smolts.  Furthermore, the majority of steelhead smolts migrate early in the year when metabolic rates of bass would limit their consumption demand.  Therefore, we rated the selective pressure as low.  With low to moderate heritability of smolt size and age structure, the overall impact of habitat changes on this trait 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 during tern nesting season in May.  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 selective factor is low risk.
The adult migration timing trait has two moderate ratings (hydropower and habitat) and the juvenile migration timing trait has one moderate (hydropower) and one high rating (habitat).  Therefore, the overall selectivity rating for the Upper Yakima River steelhead population is high risk.

Spatial Structure and Diversity Summary
The integrated spatial structure/diversity rating is High Risk for the Upper Yakima River summer steelhead population (Table 3.4.4–4).  The rating for Goal A (allowing natural rates and level of spatially mediated processes) is moderate risk, driven by substantial distance gaps among areas currently used for spawning versus the historical distribution of habitat potential (metric A.1.c).  The rating for Goal B (maintaining natural levels of variation) is high risk, driven largely by the loss of major life history pathways (metric B.1.a) inferred from current habitat conditions and current genetic structure (B.1.c).  The genetic structure rating is based on genetic sampling data combined with the potential for introgression with the relatively high abundance of planted rainbow trout.
Table 3.4.4– 4.  Upper Yakima River summer steelhead population spatial structure and diversity risk rating summary.
	Metric
	Risk Assessment Scores

	
	Metric
	Factor
	Mechanism
	Goal 
	Population

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

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

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

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

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

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

	B.2.a(1)
	n/a
	Low Risk (1)
	Low Risk (1)
	
	

	B.2.a(2)
	n/a
	
	
	
	

	B.2.a(3)
	n/a
	
	
	
	

	B.2.a(4)
	VL (2)
	
	
	
	

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

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






Overall Viability Rating 
The Upper Yakima River summer steelhead population does not meet ICTRT viability criteria and the overall viability rating is considered HIGH RISK (Figure 3.4.4–7).  Overall abundance and productivity is rated at High Risk.  The 10-year geometric mean abundance of natural-origin spawners is 85, which is only 6% of the minimum abundance threshold of 1,500.  The 15-year geometric mean productivity (1.12 R/S; Table 3.4.4–6) is below the viability minimum of 1.26 R/S at the minimum abundance threshold.  To achieve viable status, abundance and productivity of the population must be increased significantly.  Current levels of access to historical areas were only recently achieved for this population (e.g., passage improvements at the Roza Dam irrigation project).  Some continued improvements in abundance may accrue as the population equilibrates to current habitat conditions; however further improvements in survival and habitat availability will likely be required to meet abundance and productivity objectives for this population.  The overall spatial structure and diversity rating is also at High Risk.  To achieve very low risk status (high viability) improvements in abundance and productivity would need to be accompanied by substantial improvements in spatial structure and diversity. 
	
	
	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         Upper Yakima River


Figure 3.4.4– 7.  Upper Yakima 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 cell – does not meet viability criteria (darkest cells are at greatest risk).



Data Summary – Upper Yakima River
Data type:  Yakima River drainage aggregate annual counts at Prosser Dam allocated to populations based on radio-tracking data and population-specific redd counts (see Current Abundance and Productivity for description of approach).
SAR: Averaged Deschutes, Umatilla, Snake, and Upper Columbia River steelhead series
Table 3.4.4– 5.  Upper Yakima River summer steelhead population abundance and productivity data used for curve fits and R/S analysis.  Bold values were used in estimating the current productivity (Table 3.4.4–6).
[image: ]

Table 3.4.4– 6.  Upper Yakima River summer steelhead population geometric mean abundance and productivity estimates (values used for current productivity and abundance are shown in boxes).
[image: ]


Table 3.4.4– 7.  Upper Yakima River summer steelhead population stock-recruitment curve fit parameter estimates.  Biologically unrealistic or highly uncertain values are highlighted in grey.
[image: ]
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Figure 3.4.4– 8.  Upper Yakima River summer steelhead population stock recruitment curves.  All available spawner/recruit data were used in estimating the current productivity.  Data were not adjusted for marine survival.
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Figure 3.4.4– 9.  Upper Yakima River summer steelhead population stock recruitment curves.  All available spawner/recruit data 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 3.4.1–2) and fitting a capacity estimate to the data series.
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Appendix: Mid-Columbia Smolt-to-Adult Return Rate Index
Given the high degree of variation in annual returns for interior Columbia River basin salmon and steelhead, it can be very difficult to get representative estimates of key population parameters such as intrinsic productivity (reproductive rates at low abundance).  A major factor contributing to year-to-year variability in return rates is survival from the estuary back to freshwater.  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.  

While we “take out” annual variation in marine survival to reduce the variability in estimating geometric mean productivities associated with 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. 

There are no long term datasets of natural run smolt-to-adult return (SAR) rate estimates available for Mid-Columbia steelhead.  SAR series for Interior Columbia River basin steelhead are summarized in Table A-1.  

Table A-1. Summary of smolt-to-adult return (SAR) rate data series.
	Series
	Migration
Years
	Smolt Estimate
	Adult Estimate
	References

	Snake River:  Natural steelhead SAR
	1964-2000
	Lower Granite Dam: estimate of natural-origin smolt out-migration
	Lower Granite Dam: Aggregate return of natural-origin steelhead
	PATH
Recent years - C. Petrosky (IDFG)

	Upper Columbia: Natural steelhead SAR
	1985-2000
	Rock Island:  
smolt sampling, hatchery release totals
	Priest Rapids: 
WDFW adult steelhead sampling program
	Peven paper
Cooney 2003 drt QAR
Recent years - T. Cooney (NWFSC)

	Deschutes River:  Hatchery steelhead SAR
	1988-2001
	
	
	ODFW

	Umatilla River:       Natural steelhead SAR
	
	
	
	ODFW

	Umatilla River:     Hatchery steelhead SAR
	1986-1999
	Umatilla Hatchery:   
smolt releases
	Three Mile Dam: Natural Count
	ODFW





We developed hatchery indices for two Mid-Columbia steelhead hatchery programs—the Deschutes River (Pelton/Round Butte hatchery releases) and the Umatilla River.  Each of these series was strongly correlated to aggregate natural run indices for the Columbia River steelhead (Priest Rapids/Rock Island) and for the Snake River (Lower Granite Dam).  The Umatilla Hatchery series was based on relatively few years and exhibited high year-to-year variation.  Natural-origin SAR estimates for the Umatilla River were available for a more limited set of years and were not highly correlated with either the hatchery series or the Snake River index for that time period.  While we have used extrapolations based on the limited time series of Umatilla River natural-origin SAR rate data in the more detailed modeling of the Umatilla population (ICTRT 2007b), we did not incorporate either Umatilla series in constructing a general index for application to Mid-Columbia steelhead populations.

To facilitate comparisons and averaging across the individual series, we identified a common series of years (brood years 1987 through 1996) represented in all series and expressed the annual values in each series as a proportion of the geometric mean survival over the common period for the particular series.  

We then extended the Upper Columbia and Deschutes River series to include the full range of brood years from 1978 to 2005 using regressions of the values for years with data on the corresponding values from the Snake River steelhead (natural-origin) series.   
[image: ]



















Figure A–1.  Mid-Columbia steelhead smolt-to-adult return (SAR) rate index plotted with component data series.




We averaged the normalized SAR values across series by year to generate a single composite series (Figure A–1).  A value of 1 in the resulting composite index corresponds to the geometric mean SAR for the common base period (1987-1996).  We added an adjustment factor that calibrated the resulting composite index to the 1978-1997 brood years (20-year series corresponding to the standard base period selected for evaluating current status).  

The resulting composite SAR index was used in calculating a set of current productivity estimates for each population data series adjusted to reflect average annual out-of-basin survival rates.  For each population series, the individual brood year return estimates were adjusted by applying the corresponding annual value from the Mid-Columbia SAR index series.  For example, using the averaged Mid-Columbia SAR index value for the 1996 out-migration was approximately 24% above average.  For any of the Mid-Columbia population data series, a SAR adjusted productivity value for 1996 was calculated by multiplying the estimated R/S by 0.76 to express the recruits per spawner value for that brood year in terms of the average SAR.
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SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 1.24 0.35 n/a n/a 0.37 0.87 66.3 1.18 0.28 n/a n/a 0.34 0.82 59.6

Const. Rec 2325 426 n/a n/a n/a n/a 50.1 2202 287 n/a n/a n/a n/a 37.2

Bev-Holt 50 110 2392 476 0.16 0.86 53.2 50 91 2264 326 0.27 0.42 40.3

Hock-Stk 3.58 0.66 652 1 0.16 0.86 52.9 2.99 1.20 750 317 0.26 0.42 39.8

Ricker 3.08 0.86 0.00035 0.00008 0.29 0.77 55.4 2.52 0.59 0.00030 0.00007 0.42 0.40 48.6

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 757 1.00 757 1358 1.79 1.94 2633 3.48

1980 2633 1.00 2633 3167 1.20 0.50 1599 0.61

1981 2390 1.00 2390 5041 2.11 0.68 3442 1.44

1982 2473 1.00 2473 4598 1.86 0.46 2101 0.85

1983 1153 1.00 1153 3383 2.94 0.52 1772 1.54

1984 704 1.00 704 1521 2.16 0.65 984 1.40

1985 5264 1.00 5264 522 0.10 0.46 240 0.05

1986 4895 1.00 4895 563 0.11 0.94 531 0.11

1987 4754 1.00 4754 1240 0.26 2.18 2699 0.57

1988 2603 1.00 2603 1460 0.56 0.99 1446 0.56

1989 687 1.00 687 925 1.35 0.96 889 1.29

1990 369 1.00 369 955 2.59 2.83 2703 7.33

1991 415 1.00 415 1274 3.07 2.33 2973 7.16

1992 2185 0.99 2154 1425 0.65 1.88 2679 1.23

1993 867 0.99 855 1036 1.19 1.18 1224 1.41

1994 1078 0.97 1050 1385 1.29 1.07 1483 1.38

1995 683 0.94 640 1922 2.82 1.23 2355 3.45

1996 2122 0.93 1981 2309 1.09 1.03 2383 1.12

1997 1013 0.95 961 2823 2.79 0.76 2155 2.13

1998 1021 0.96 978 2930 2.87 0.49 1437 1.41

1999 1660 0.98 1626

2000 2350 0.91 2143

2001 2448 0.91 2230

2002 3828 0.90 3444

2003 3093 0.89 2758

2004 1527 0.87 1328

2005 1602 0.87 1393
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Abundance

Nat. origin

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

Point Est. 2.07 2.07 2.41 2.41 1.01 1.09 1740

Std. Err. 0.12 0.12 0.22 0.22 0.02 0.15 0.13

count 10 10 10 10 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 1.17 0.27 n/a n/a 0.71 0.55 62.0 1.15 0.30 n/a n/a 1.09 0.46 67.8

Const. Rec 1653 228 n/a n/a n/a n/a 42.1 1622 230 n/a n/a n/a n/a 43.2

Bev-Holt 12.92 19.48 1871 441 0.18 0.72 44.4 50.00 68.78 1665 252 0.35 0.39 46.4

Hock-Stk 2.03 0.46 951 266 0.21 0.64 43.5 4.68 0.10 347 1 0.34 0.39 46.0

Ricker 3.76 0.60 0.00061 0.00007 0.13 0.59 31.5 4.32 0.86 0.00070 0.00008 0.29 0.11 40.1

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 337 1.00 337 971 2.88 1.94 1882 5.58

1980 815 1.00 815 1749 2.15 0.50 883 1.08

1981 1318 1.00 1318 2950 2.24 0.68 2015 1.53

1982 1160 1.00 1160 3238 2.79 0.46 1480 1.28

1983 884 1.00 884 3008 3.40 0.52 1576 1.78

1984 739 1.00 739 2310 3.13 0.65 1494 2.02

1985 2373 1.00 2373 1192 0.50 0.46 547 0.23

1986 3538 1.00 3538 1028 0.29 0.94 969 0.27

1987 2899 1.00 2899 1665 0.57 2.18 3625 1.25

1988 3471 1.00 3471 1726 0.50 0.99 1710 0.49

1989 1433 1.00 1433 849 0.59 0.96 816 0.57

1990 961 1.00 961 701 0.73 2.83 1984 2.07

1991 716 1.00 716 500 0.70 2.33 1166 1.63

1992 2851 0.99 2810 497 0.17 1.88 935 0.33

1993 816 0.99 805 497 0.61 1.18 587 0.72

1994 1008 0.97 981 737 0.73 1.07 789 0.78

1995 480 0.94 450 1016 2.12 1.23 1245 2.59

1996 604 0.93 564 1215 2.01 1.03 1254 2.08

1997 460 0.95 436 1769 3.84 0.76 1350 2.93

1998 477 0.96 457 1762 3.69 0.49 864 1.81

1999 965 0.98 945

2000 1169 0.91 1066

2001 1164 0.91 1061

2002 2933 0.90 2639

2003 1187 0.89 1058

2004 1075 0.87 934

2005 224 0.87 195
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delimited median 75% threshold median 75% threshold 1987-1998 1979-1998 geomean
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Not adjusted SAR adjusted Not adjusted


image110.emf
SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 1.17 0.24 n/a n/a 0.43 0.70 58.2 1.15 0.21 n/a n/a 0.62 0.27 53.5

Const. Rec 1247 162 n/a n/a n/a n/a 39.8 1224 123 n/a n/a n/a n/a 29.3

Bev-Holt 50 302 1284 286 0.11 0.82 42.6 50 119 1259 154 0.20 0.03 32.2

Hock-Stk 2.88 1.66 439 259 0.10 0.83 42.4 3.98 22.87 307 1763 0.20 0.05 32.1

Ricker 2.99 0.67 0.00069 0.00013 0.15 0.76 43.8 2.71 0.52 0.000626 0.000113 0.27 -0.01 37.8

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 214 1.00 214 819 3.83 1.94 1588 7.43

1980 451 1.00 451 1058 2.34 0.50 534 1.18

1981 467 1.00 467 1316 2.82 0.68 899 1.92

1982 824 1.00 824 1546 1.87 0.46 706 0.86

1983 821 1.00 821 1782 2.17 0.52 933 1.14

1984 687 1.00 687 1025 1.49 0.65 663 0.96

1985 1423 1.00 1423 290 0.20 0.46 133 0.09

1986 1069 1.00 1069 345 0.32 0.94 326 0.30

1987 1947 1.00 1947 399 0.20 2.18 868 0.45

1988 1958 1.00 1958 429 0.22 0.99 425 0.22

1989 239 1.00 239 417 1.74 0.96 401 1.67

1990 332 1.00 332 325 0.98 2.83 920 2.77

1991 331 1.00 331 154 0.46 2.33 359 1.08

1992 480 0.99 473 150 0.31 1.88 281 0.59

1993 372 0.99 367 138 0.37 1.18 163 0.44

1994 536 0.97 522 123 0.23 1.07 131 0.24

1995 180 0.94 168 217 1.21 1.23 266 1.48

1996 145 0.93 135 436 3.01 1.03 450 3.10

1997 182 0.95 173 676 3.71 0.76 516 2.84

1998 115 0.96 110 719 6.28 0.49 353 3.08

1999 105 0.98 103

2000 288 0.91 263

2001 576 0.91 525

2002 922 0.90 830

2003 761 0.89 679

2004 452 0.87 393

2005 197 0.87 172
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Abundance

Nat. origin

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

Point Est. 1.72 1.66 1.95 2.06 0.96 1.14 259

Std. Err. 0.30 0.33 0.25 0.27 0.26 0.25 0.24

count 10 9 10 9 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 0.99 0.25 n/a n/a 0.68 0.68 66.0 0.97 0.23 n/a n/a 0.90 0.45 63.9

Const. Rec 453 82 n/a n/a n/a n/a 53.0 445 66 n/a n/a n/a n/a 44.8

Bev-Holt 50 0 466 0 0.18 0.85 55.8 50 233 457 89 0.37 0.40 47.6

Hock-Stk 3.99 0.13 113.60 0.72 0.18 0.85 55.8 3.09 1.42 146 71 0.36 0.41 47.5

Ricker 2.34 0.68 0.00134 0.00035 0.26 0.80 57.7 2.37 0.60 0.00140 0.00030 0.47 0.38 52.1

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 215 1.00 215 1168 5.43 1.94 2265 10.53

1980 1031 1.00 1031 1808 1.75 0.50 913 0.89

1981 701 1.00 701 2790 3.98 0.68 1905 2.72

1982 801 1.00 801 3470 4.33 0.46 1586 1.98

1983 964 1.00 964 3576 3.71 0.52 1873 1.94

1984 1150 1.00 1150 2419 2.10 0.65 1564 1.36

1985 2143 1.00 2143 1060 0.49 0.46 487 0.23

1986 3275 1.00 3275 1169 0.36 0.94 1102 0.34

1987 3520 1.00 3520 1315 0.37 2.18 2862 0.81

1988 4235 1.00 4235 1209 0.29 0.99 1198 0.28

1989 839 1.00 839 680 0.81 0.96 654 0.78

1990 1321 1.00 1321 545 0.41 2.83 1542 1.17

1991 853 1.00 853 281 0.33 2.33 655 0.77

1992 1979 0.99 1950 385 0.19 1.88 723 0.37

1993 535 0.99 528 503 0.94 1.18 595 1.11

1994 968 0.97 943 521 0.54 1.07 558 0.58

1995 197 0.94 185 460 2.33 1.23 564 2.86

1996 387 0.93 361 641 1.66 1.03 662 1.71

1997 359 0.95 341 931 2.59 0.76 711 1.98

1998 736 0.96 704 993 1.35 0.49 487 0.66

1999 333 0.98 326

2000 622 0.91 567

2001 619 0.91 564

2002 1494 0.90 1344

2003 828 0.89 738

2004 617 0.87 536

2005 375 0.87 326
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Abundance

Nat. origin

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

Point Est. 1.78 2.23 1.73 2.14 0.93 1.01 524

Std. Err. 0.28 0.23 0.26 0.33 0.13 0.19 0.15

count 10 7 10 7 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 1.07 0.24 n/a n/a 0.54 0.69 62.1 1.05 0.21 n/a n/a 0.76 0.24 57.1

Const. Rec 1000 160 n/a n/a n/a n/a 48.1 981 120 n/a n/a n/a n/a 37.2

Bev-Holt 9.20 12.17 1181 325 0.11 0.88 50.2 18.52 40.52 1063 228 0.27 0.27 39.8

Hock-Stk 3.56 1.80 291 155 0.11 0.88 50.3 4.58 0.56 215 0 0.26 0.32 39.7

Ricker 2.38 0.62 0.00061 0.00015 0.24 0.75 52.6 2.15 0.48 0.00055 0.00013 0.43 0.02 47.2

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

1981 1,115 1.00 1,115 2,635 2.36 0.68 1799 1.61

1982 609 1.00 609 2,640 4.33 0.46 1207 1.98

1983 974 1.00 974 2,525 2.59 0.52 1322 1.36

1984 1,998 1.00 1,998 1,943 0.97 0.65 1257 0.63

1985 2,732 1.00 2,732 1,559 0.57 0.46 716 0.26

1986 2,487 1.00 2,487 1,017 0.41 0.94 959 0.39

1987 2,911 1.00 2,911 1,144 0.39 2.18 2490 0.86

1988 2,201 0.93 2,050 1,573 0.71 0.99 1558 0.71

1989 2,179 0.84 1,841 1,105 0.51 0.96 1062 0.49

1990 1,301 0.96 1,247 873 0.67 2.83 2471 1.90

1991 700 0.85 592 593 0.85 2.33 1384 1.98

1992 2,118 0.90 1,915 1,380 0.65 1.88 2594 1.22

1993 1,572 0.74 1,165 713 0.45 1.18 842 0.54

1994 1,074 0.79 847 885 0.82 1.07 948 0.88

1995 1,298 0.60 783 1,154 0.89 1.23 1414 1.09

1996 1,811 0.66 1,194 2,975 1.64 1.03 3070 1.70

1997 2,215 0.41 914 2,210 1.00 0.76 1687 0.76

1998 1,529 0.50 771 3,836 2.51 0.49 1880 1.23

1999 1,595 0.64 1,020 1,071 0.67 0.52 554 0.35

2000 2,621 0.77 2,030 2,584 0.99 1.00 2584 0.99

2001 3,353 0.73 2,444

2002 5,172 0.68 3,542

2003 2,822 0.71 2,015

2004 3,109 0.64 2,003
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Abundance

Nat. origin

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

Point Est. 1.24 1.79 1.14 1.50 1.07 1.06 1472

Std. Err. 0.24 0.33 0.19 0.15 0.02 0.06 0.22

count 10 5 10 5 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 0.94 0.14 n/a n/a 0.27 0.60 44.5 0.89 0.12 n/a n/a 0.31 0.31 40.3

Const. Rec 1512 174 n/a n/a n/a n/a 34.8 1438 147 n/a n/a n/a n/a 30.2

Bev-Holt 22.07 116.06 1587 446 0.21 0.44 37.5 8.48 15.93 1625 425 0.20 -0.15 32.7

Hock-Stk 1.92 0.70 806 310 0.21 0.45 38.1 1.98 0.64 735 249 0.20 -0.18 32.8

Ricker 2.70 0.88 0.00060 0.00017 0.22 0.45 38.0 2.35 0.69 0.00055 0.00016 0.21 -0.14 33.4

Adjusted for SAR Not 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

1993 1228 99.8% 1,225 474 0.39 1.18 561 0.46

1994 806 99.8% 804 525 0.65 1.07 562 0.70

1995 654 98.8% 646 497 0.76 1.23 609 0.93

1996 549 98.0% 538 753 1.37 1.03 777 1.42

1997 447 98.2% 439 1128 2.52 0.76 861 1.93

1998 573 99.1% 568 1517 2.65 0.49 744 1.30

1999 421 99.5% 419 1082 2.57 0.52 560 1.33

2000 792 97.5% 772 618 0.78 1.00 618 0.78

2001 1172 95.4% 1,118

2002 1811 96.4% 1,746

2003 938 96.5% 905

2004

2005 281 96.1% 270
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1993-2001 1980-1999 geomean

Point Est. 2.20 1.78 1.47 1.34 1.14 n/a 650

Std. Err. 0.16 0.25 0.09 0.12 0.01 n/a 0.19

count 4 5 4 5 9 n/a 9

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 1.17 0.29 n/a n/a 0.29 0.62 23.2 1.01 0.16 n/a n/a 0.12 0.61 15.8

Const. Rec 756 109 n/a n/a n/a n/a 14.8 653 37 n/a n/a n/a n/a -0.4

Bev-Holt 50.00 104.52 773 122 0.10 0.65 20.6 50.00 81.92 667 45 0.02 0.52 5.6

Hock-Stk 1.17 0.17 19583 0 0.29 0.62 28.8 1.47 0.08 447 0 0.02 0.56 4.6

Ricker 6.54 2.15 0.00252 0.00045 0.08 0.38 16.1 3.17 0.49 0.00167 0.00021 0.02 0.22 3.9

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

Rand-Walk 0.74 0.15 n/a n/a 0.24 -0.28 17.0 1.03 0.31 n/a n/a 0.49 -0.24 21.1

Const. Rec 642 69 n/a n/a n/a n/a 9.1 903 181 n/a n/a n/a n/a 16.5

Bev-Holt 50 232 653 87 0.04 0.70 19.1 50 312 923 230 0.24 -0.14 26.5

Hock-Stk 1.35 0.08 476 0 0.04 0.69 19.1 1.67 0.81 554 295 0.24 -0.05 26.4

Ricker 1.42 0.40 0.00066 0.00024 0.08 0.58 22.2 2.52 1.04 0.00090 0.00036 0.25 0.10 26.9

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

1985 849 1.00 849 404 0.48 0.45 182 0.21

1986 864 1.00 864 268 0.31 0.96 258 0.30

1987 955 0.98 939 516 0.54 2.02 1044 1.09

1988 1101 0.92 1008 678 0.62 0.91 619 0.56

1989 450 0.92 413 369 0.82 0.94 347 0.77

1990 304 0.89 272 255 0.84 2.93 747 2.46

1991 268 0.88 235 232 0.86 2.42 559 2.09

1992 1060 0.89 941 203 0.19 1.95 395 0.37

1993 446 0.93 415 290 0.65 1.22 355 0.80

1994 197 0.97 192 337 1.71 1.11 374 1.90

1995 340 0.90 308 361 1.06 1.27 458 1.35

1996 158 0.87 138 373 2.36 1.07 399 2.52

1997 310 0.87 269 622 2.00 0.77 478 1.54

1998 413 0.84 349 826 2.00 0.49 408 0.99

1999 353 0.95 336 617 1.75 0.52 322 0.91

2000 408 0.97 398

2001 353 0.98 347

2002 1040 0.99 1032

2003 659 0.98 647

2004 496 0.99 493
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Abundance

Nat. origin

delimited median 75% thresh median 75% thresh 1988-1999 1985-1999 geomean

Point Est. 1.41 1.28 1.73 1.40 1.06 1.01 379

Std. Err. 0.16 0.15 0.14 0.15 0.16 0.13 0.17

count 7 10 7 10 12 15 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 0.86 0.16 n/a n/a 0.34 0.57 37.2 0.94 0.18 n/a n/a 0.47 0.37 38.4

Const. Rec 389 41 n/a n/a n/a n/a 20.8 425 45 n/a n/a n/a n/a 20.8

Bev-Holt 16.43 47.29 414 89 0.10 0.64 23.8 50 162 434 56 0.17 0.13 24.0

Hock-Stk 2.36 0.97 165 70 0.10 0.64 23.9 2.52 1.03 169 72 0.16 0.13 23.9

Ricker 2.28 0.48 0.00181 0.00034 0.12 0.53 24.3 2.51 0.58 0.00182 0.00037 0.21 0.11 27.2

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

1985 222 1.00 222 66 0.30 0.45 30 0.13

1986 226 1.00 226 69 0.31 0.96 66 0.29

1987 249 0.98 245 199 0.80 2.02 403 1.62

1988 287 0.92 263 189 0.66 0.91 173 0.60

1989 118 0.92 108 107 0.90 0.94 100 0.85

1990 49 0.89 44 113 2.31 2.93 332 6.77

1991 94 0.88 82 82 0.87 2.42 198 2.10

1992 294 0.89 261 173 0.59 1.95 336 1.14

1993 163 0.93 152 167 1.02 1.22 204 1.25

1994 85 0.97 83 177 2.09 1.11 197 2.32

1995 143 0.90 129 354 2.48 1.27 450 3.14

1996 65 0.87 57 941 14.48 1.07 1006 15.48

1997 270 0.87 234 1237 4.58 0.77 952 3.52

1998 156 0.84 132 733 4.70 0.49 362 2.32

1999 212 0.95 202 726 3.42 0.52 379 1.79

2000 446 0.97 435

2001 1229 0.98 1208

2002 1261 0.99 1252

2003 469 0.98 460

2004 870 0.99 865
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1988-1999 1985-1999 geomean

Point Est. 2.52 1.46 3.16 1.60 1.06 1.01 322

Std. Err. 0.37 0.28 0.35 0.30 0.16 0.13 0.33

count 7 15 7 15 12 15 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 1.46 0.40 n/a n/a 0.51 0.73 49.2 1.59 0.47 n/a n/a 0.94 0.52 51.3

Const. Rec 225 54 n/a n/a n/a n/a 45.6 246 57 n/a n/a n/a n/a 44.5

Bev-Holt 20.08 81.78 246 107 0.24 0.85 48.7 50.00 118.57 254 65 0.57 0.55 47.8

Hock-Stk 3.53 0.84 65 0 0.27 0.83 48.4 6.11 0.00 40 0 0.56 0.55 47.6

Ricker 4.15 2.45 0.00595 0.00306 0.35 0.78 49.0 6.38 3.79 0.00790 0.00308 0.75 0.39 49.0

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

1985 691 1.00 691 294 0.42 0.45 132 0.19

1986 703 1.00 703 259 0.37 0.96 250 0.36

1987 777 0.98 764 384 0.49 2.02 776 1.00

1988 895 0.92 820 384 0.43 0.91 350 0.39

1989 366 0.92 336 234 0.64 0.94 220 0.60

1990 304 0.89 272 237 0.78 2.93 695 2.29

1991 289 0.88 253 187 0.65 2.42 451 1.56

1992 510 0.89 453 252 0.49 1.95 491 0.96

1993 373 0.93 347 306 0.82 1.22 375 1.00

1994 179 0.97 174 320 1.79 1.11 355 1.99

1995 299 0.90 270 446 1.49 1.27 566 1.89

1996 163 0.87 142 819 5.03 1.07 876 5.37

1997 358 0.87 310 1292 3.61 0.77 994 2.78

1998 360 0.84 304 966 2.68 0.49 478 1.33

1999 346 0.95 329 826 2.39 0.52 431 1.25

2000 521 0.97 508

2001 1000 0.98 983

2002 1465 0.99 1454

2003 723 0.98 710

2004 892 0.99 887
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1988-1999 1985-1999 geomean

Point Est. 1.79 1.02 2.20 1.12 1.06 1.01 472

Std. Err. 0.29 0.22 0.18 0.22 0.13 0.12 0.23

count 7 15 7 15 12 15 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 1.02 0.22 n/a n/a 0.19 0.85 42.1 1.11 0.24 n/a n/a 0.43 0.62 42.3

Const. Rec 400 59 n/a n/a n/a n/a 31.0 437 59 n/a n/a n/a n/a 28.2

Bev-Holt 50.00 130.76 409 67 0.09 0.86 34.3 50 90 447 65 0.26 0.28 31.6

Hock-Stk 2.77 22.45 145 1175 0.09 0.86 34.2 3.08 9.14 142 421 0.26 0.26 31.4

Ricker 3.46 1.18 0.00277 0.00070 0.15 0.74 34.5 4.28 1.31 0.00305 0.00062 0.27 0.08 31.1

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

1985 139 0.98 137 57 0.41 0.45 25 0.18

1986 142 0.98 139 63 0.44 0.96 61 0.43

1987 157 0.98 154 89 0.57 2.02 180 1.15

1988 181 0.98 177 64 0.35 0.91 58 0.32

1989 74 0.98 72 37 0.49 0.94 34 0.47

1990 49 0.98 48 37 0.75 2.93 109 2.21

1991 72 0.98 71 54 0.74 2.42 130 1.80

1992 107 0.92 99 52 0.49 1.95 101 0.94

1993 45 1.00 45 57 1.26 1.22 69 1.54

1994 32 1.00 32 49 1.52 1.11 54 1.69

1995 42 0.96 40 54 1.28 1.27 68 1.63

1996 62 0.98 61 127 2.03 1.07 136 2.17

1997 47 1.00 47 229 4.87 0.77 177 3.75

1998 62 1.00 62 179 2.89 0.49 88 1.43

1999 42 1.00 42 174 4.14 0.52 91 2.16

2000 60 1.00 60

2001 171 0.95 162

2002 267 0.99 265

2003 140 0.96 134

2004 197 0.99 195
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1988-1999 1985-1999 geomean

Point Est. 1.95 1.02 1.95 1.12 1.05 1.01 85

Std. Err. 0.26 0.22 0.13 0.22 0.15 0.17 0.22

count 7 15 7 15 12 15 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 1.02 0.22 n/a n/a 0.19 0.85 42.2 1.12 0.24 n/a n/a 0.48 0.54 41.5

Const. Rec 74 11 n/a n/a n/a n/a 30.4 81 11 n/a n/a n/a n/a 29.1

Bev-Holt 5.85 0.00 100 0 0.11 0.83 34.9 8.98 27.24 100 59 0.30 0.20 33.1

Hock-Stk 1.79 0.26 42 0 0.12 0.79 33.1 1.79 0.24 47 0 0.27 0.15 31.6

Ricker 3.05 0.91 0.01308 0.00312 0.15 0.72 33.8 3.40 0.95 0.01329 0.00290 0.28 0.05 31.6

Not adjusted for SAR Adjusted for SAR


image8.emf
0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

4,500

5,000

Abundance

Fifteenmile Creek Winter Steelhead

Natural-Origin Adult Spawners

Total Adult Spawners

Running 10-year geometric mean

Minimum Abundance Threshold

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

9,000

10,000

Abundance

Deschutes River Eastide Summer Steelhead

Natural-Origin Adult Spawners

Total Adult Spawners

Running 10-year geometric mean

Minimum Abundance Threshold

0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

4,500

5,000

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

Abundance

Brood Year

Deschutes River WestsideSummer Steelhead

Natural-Origin Adult Spawners

Total Adult Spawners

Running 10-year geometric mean

Minimum Abundance Threshold -Large

Minimum Abundance Threshold -Intermediate


image217.emf
-

50

100

150

200

250

- 50 100 150 200 250

Total Parent Spawners

Natural Returns (Spawners)

Ricker fit

Hockey Stick fit

Beverton-Holt fit

Random Walk fit

replacement


image218.emf
-

50

100

150

200

250

- 50 100 150 200 250

Total Parent Spawners

Natural Returns (Spawners)

Ricker fit

Hockey Stick fit

Beverton-Holt fit

Random Walk fit

replacement

Current


image9.jpeg
Klickitat River Summer/Winter Steelhead (MCKLI-s)

White Salmol

Hood River -

Harrah

White Swan

20

Intrinsic Potential
Weighted Bankfull Area / 200m reach

0-500 rating
-
——501-1500  LOW
e 1501 - 2000 MODERATE
o= 2001-3000 M
@ 3001-5000 ™

Population

: currently occupied
D extirpated

Spawning Area
E major

maijor (with variable year-
771 to-year access above falls)

minor

no spawning area

designated within

population

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

Sep 03, 2008





image10.jpeg
Klickitat River Summer/Winter Steelhead (MCKLI-s)

White Salmol

Hood River -

Harrah

White Swan

20

Intrinsic Potential
Weighted Bankfull Area / 200m reach

0-500 rating
-
——501-1500  LOW
e 1501 - 2000 MODERATE
o= 2001-3000 M
@ 3001-5000 ™

Population

: currently occupied
D extirpated

Spawning Area
E major

maijor (with variable year-
771 to-year access above falls)

minor

no spawning area

designated within

population

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

Sep 03, 2008





image11.emf
0

500

1000

1500

2000

2500

3000

3500

4000

0 0.5 1 1.5 2 2.5 3 3.5 4

10

-

year geometric mean abundance

Productivity (geometric mean R/S)

5% risk

25% risk

?


image12.emf
0% 5% 10% 15% 20% 25%

Surveyors

Trout

Lower Little Klickitat

Swale

West Fork Klickitat

Middle Mainstem

Lower Mainstem

Upper Little Klickitat

White

Upper Mainstem

Percentage of Area

MiSAs

MaSAs


image13.jpeg
Klickitat River Summer/Winter Steelhead (MCKLI-s)

[ -
Spawning Area Typo
ajor (]

soor (3

Somvning reach e
N\ ot e
|\ P spawning tranch
NSt mere

Spauning Area Use
(e s of s

ot

= dsdgicen

2 ) L = .





image14.png
Klickitat River Summer/Winter Steelhead (MCKLI-s)





image15.jpeg
Fifteenmile Creek Winter Steelhead (MCFIF-s)

[Hood River

the Dalles

Col

o

umbia Rive,

chﬂtes River

20

1Miles

Intrinsic Potential
Weighted Bankfull Area / 200m reach

0-500 Teting
—— 501 - 1500 o]
e 1501 - 2000 MODERATE
m— 2001 - 3000

HIGH
@ 3001-5000 ™

Population

E currently occupied
D extirpated

Spawning Area
l:l major
El minor

no spawning area

[ designated within

population

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

N

w
Sep 03, 2008
FZR e





image16.emf
0

500

1000

1500

2000

2500

1985 1990 1995 2000 2005

Brood Year

Abundance

Total Spawners

Natural Origin Spawners


image17.emf
0

500

1000

1500

2000

2500

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Productivity (15-yr geometric mean R/S)

Abundance (10-yr geometric mean)

Current Status

1% risk

5% risk

25% risk

90% CI

98% CI


image18.emf
0% 5% 10% 15% 20% 25% 30% 35% 40%

Lower Fifteen

Mosier

Threemile

Chenoweth

Mill (Columbia)

Five

Eight

Upper Fifteen

Percentage of Area

non-temperature limited

temperature limited

MiSAs

MaSAs


image19.png
Fifteenmile Creek Winter Steelhead (MCFIF-s)

(= -
Spawning Area Type

Major (]
nor (]

Spawning reach type
N\ acsatneaciea)
v
b S e

‘Spauning Area se

[ st

S

gy





image20.png
Fifteenmile Creek Winter Steelhead (MCFIF-s)

(= -
Spawning Area Type

Major (]
nor (]

Spawning reach type
N\ acsatneaciea)
v
b S e

‘Spauning Area se

[ st

S

gy





image21.png
Fifteenmile Creek Winter Steelhead (MCFIF-s)
oo bundory (=] .

[ |
Minorspavning aea (]
Intinsic potental
Vit st 200m s

Ecoregion (PA level 4





image22.png
Fifteenmile Creek Winter Steelhead (MCFIF-s)
oo bundory (=] .

[ |
Minorspavning aea (]
Intinsic potental
Vit st 200m s

Ecoregion (PA level 4





image23.emf
Brood Year Spawners %Wild Natural Run Nat. Rtns R/S

SAR Adj. 

Factor

Adj. Rtns Adj. R/S

1985 484 1.0 484 383 0.79 0.46 176 0.36

1986 1109 1.0 1109 470 0.42 0.94 443 0.40

1987 1144 1.0 1144 424 0.37 2.18 922 0.81

1988 340 1.0 340 529 1.56 0.99 524 1.54

1989 333 1.0 333 252 0.76 0.96 242 0.73

1990 542 1.0 542 423 0.78 2.83 1196 2.21

1991 291 1.0 291 265 0.91 2.33 618 2.12

1992 611 1.0 611 446 0.73 1.88 838 1.37

1993 257 1.0 257 443 1.72 1.18 524 2.04

1994 456 1.0 456 344 0.75 1.07 369 0.81

1995 257 1.0 257 569 2.21 1.23 697 2.71

1996 465 1.0 465 1216 2.62 1.03 1255 2.70

1997 412 1.0 412 830 2.01 0.76 633 1.54

1998 231 1.0 231 1292 5.58 0.49 633 2.74

1999 844 1.0 844 1385 1.64 0.52 717 0.85

2000 925 1.0 925

2001 655 1.0 655

2002 1421 1.0 1421

2003 1220 1.0 1220

2004 1922 1.0 1922

2005 388 1.0 388
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1988-1999 1985-1999 geomean

Point Est. 1.73 1.68 1.77 1.82 1.10 1.04 703

Std. Err. 0.25 0.29 0.17 0.20 0.06 0.11 0.21

count 7 6 7 6 12 15 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 1.17 0.21 n/a n/a 0.40 0.44 37.1 1.27 0.21 n/a n/a 0.38 0.33 34.8

Const. Rec 533 72 n/a n/a n/a n/a 28.2 579 78 n/a n/a n/a n/a 27.9

Bev-Holt 50.00 386.27 547 135 0.16 0.66 31.3 7.59 13.49 709 293 0.26 0.05 30.8

Hock-Stk 2.41 15.98 221 1465 0.16 0.65 31.3 2.56 29.41 226 2595 0.27 -0.04 31.1

Ricker 2.70 0.78 0.00161 0.00049 0.17 0.64 32.1 2.58 0.73 0.00137 0.00048 0.27 0.03 31.4

Adjusted for SAR Not 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

1990 1466 0.87 1270 432 0.29 2.83 1224 0.83

1991 1862 0.88 1640 447 0.24 2.33 1044 0.56

1992 1158 0.82 948 549 0.47 1.88 1033 0.89

1993 583 0.51 299 718 1.23 1.18 848 1.46

1994 635 0.70 442 893 1.41 1.07 956 1.51

1995 740 0.59 436 1815 2.45 1.23 2224 3.01

1996 953 0.43 407 3786 3.97 1.03 3907 4.10

1997 1829 0.46 841 6448 3.53 0.76 4922 2.69

1998 1921 0.21 401 4542 2.36 0.49 2227 1.16

1999 2397 0.61 1472 3236 1.35 0.52 1675 0.70

2000 3341 0.49 1627

2001 9801 0.84 8274

2002 5957 0.78 4665

2003 4888 0.82 3984

2004 2754 0.71 1945

2005 1274 0.87 1114
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold geomean

Point Est. 1.52 1.62 1.89 1.88 1599

Std. Err. 0.36 0.21 0.27 0.24 0.32

count 5 3 5 3 10

R/S measures Lambda measures

Not adjusted SAR adjusted Not adjusted SAR adjusted

1990-1999 1980-1999

10

0.11

1.10

n/a

n/a

n/a
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SR Model a SE b SE adj. var auto AICc a SE b SE adj. var auto AICc

Rand-Walk 1.20 0.36 n/a n/a 0.22 0.87 33.1 1.38 0.28 n/a n/a 0.22 0.68 24.9

Const. Rec 1461 454 n/a n/a n/a n/a 33.8 1672 307 n/a n/a n/a n/a 23.2

Bev-Holt 1.92 2.00 4209 7419 0.16 0.91 37.1 3.94 3.83 2680 1554 0.15 0.72 26.4

Hock-Stk 1.20 0.21 19855 0 0.22 0.87 37.4 1.38 0.14 19729 0 0.22 0.68 29.2

Ricker 1.64 1.19 0.00023 0.00049 0.16 0.90 37.1 2.86 1.21 0.00054 0.00029 0.14 0.74 26.2

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

1980 436 0.94 410 683 1.57 0.50 345 0.79

1981 577 0.96 556 804 1.39 0.68 549 0.95

1982 839 0.97 816 789 0.94 0.46 360 0.43

1983 362 0.93 337 864 2.39 0.52 453 1.25

1984 701 0.88 616 626 0.89 0.65 405 0.58

1985 929 0.95 882 461 0.50 0.46 212 0.23

1986 711 0.94 667 373 0.52 0.94 351 0.49

1987 1198 0.86 1026 289 0.24 2.18 629 0.52

1988 898 0.76 683 280 0.31 0.99 277 0.31

1989 513 0.91 469 163 0.32 0.96 156 0.31

1990 486 0.90 435 185 0.38 2.83 523 1.08

1991 299 0.80 240 163 0.55 2.33 381 1.27

1992 525 0.72 380 189 0.36 1.88 355 0.68

1993 163 0.70 114 317 1.95 1.18 374 2.30

1994 284 0.73 206 351 1.24 1.07 375 1.32

1995 249 0.68 170 378 1.52 1.23 463 1.86

1996 154 0.70 108 573 3.72 1.03 591 3.84

1997 417 0.75 314 818 1.96 0.76 624 1.50

1998 648 0.57 370 1005 1.55 0.49 493 0.76

1999 452 0.64 290 968 2.14 0.52 501 1.11

2000 653 0.71 464

2001 914 0.83 760

2002 1226 0.77 944

2003 1548 0.83 1283

2004 611 0.79 482

2005 594 0.88 520


image54.emf
Abundance

Nat. origin

delimited median 75% lg thresh 75% int thresh median 75% lg thresh 75% int thresh 1988-1999 1980-1999 geomean

Point Est. 1.46 0.99 1.11 1.48 0.87 1.05 1.04 1.03 456

Std. Err. 0.22 0.18 0.19 0.14 0.17 0.15 0.11 0.12 0.22

count 10 19 16 10 19 16 12 20 10

Lambda measures

Not adjusted

R/S measures

Not adjusted SAR 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 0.92 0.16 n/a n/a 0.34 0.67 52.1 0.84 0.13 n/a n/a 0.38 0.49 47.3

Const. Rec 435 59 n/a n/a n/a n/a 41.2 399 31 n/a n/a n/a n/a 18.7

Bev-Holt 16.41 54.61 465 122 0.07 0.90 43.9 50.00 78.66 407 34 0.12 0.11 21.8

Hock-Stk 2.87 0.00 152 0 0.07 0.90 44.0 2.92 16.75 137 785 0.12 0.09 21.5

Ricker 2.59 0.78 0.00191 0.00050 0.12 0.81 44.0 2.70 0.55 0.00215 0.00033 0.16 0.02 27.8

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

1980 2329 1.00 2329 2749 1.18 0.50 1388 0.60

1981 2420 1.00 2420 5525 2.28 0.68 3773 1.56

1982 1714 1.00 1714 8654 5.05 0.46 3955 2.31

1983 1815 1.00 1815 7493 4.13 0.52 3924 2.16

1984 1916 1.00 1916 3776 1.97 0.65 2442 1.27

1985 2521 1.00 2521 2154 0.85 0.46 989 0.39

1986 7468 1.00 7468 1716 0.23 0.94 1618 0.22

1987 10557 1.00 10557 1515 0.14 2.18 3297 0.31

1988 5546 1.00 5546 1348 0.24 0.99 1335 0.24

1989 2366 1.00 2366 774 0.33 0.96 744 0.31

1990 2133 1.00 2133 703 0.33 2.83 1990 0.93

1991 1264 1.00 1264 898 0.71 2.33 2096 1.66

1992 1917 0.99 1889 945 0.49 1.88 1777 0.93

1993 986 0.99 972 892 0.90 1.18 1054 1.07

1994 593 0.97 577 1682 2.84 1.07 1801 3.04

1995 806 0.94 755 3890 4.83 1.23 4765 5.92

1996 1115 0.93 1041 5597 5.02 1.03 5776 5.18

1997 960 0.95 911 5527 5.75 0.76 4218 4.39

1998 652 0.96 625 3929 6.02 0.49 1926 2.95

1999 1933 0.98 1894

2000 6058 0.91 5524

2001 6096 0.91 5553

2002 7231 0.87 6257

2003 2512 0.85 2134

2004 1688 0.82 1380

2005 671 0.84 563
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Abundance

Nat. origin

delimited median 75% threshold median 75% threshold 1987-1998 1980-1998 geomean

Point Est. 3.02 2.85 2.59 2.99 0.97 1.02 1800

Std. Err. 0.25 0.34 0.18 0.24 0.35 0.35 0.29

count 9 7 9 7 12 19 10

Not adjusted SAR adjusted Not adjusted

R/S measures Lambda measures


