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4.0 Anadromous Fish
4.1  Programmatic Considerations

4.1.3 Development of Subbasin Specific Measures
Need for Subbasin or Population Specific Measures

Information at the subbasin or population level provides the local scientific knowledge, policies, and priorities necessary to refine the general guidance provided by programmatic and provincial level visions, goals and objectives.  Subbasin or population specific strategies and measures that address limiting factors and threats can provide this refinement.  Strategies and measures are provided in subbasin plans, draft recovery plans, proposed actions, biological opinions, agency management plans, etc.; however, these planning documents and implementation plans do not effectively prioritize strategies and actions among the multiple limiting factors and threats affecting each population.  

All subbasin or population specific measures proposed here are taken directly from subbasin plans, draft recovery plans, or agency management plans.  These plans are integral components of the Program.  Our analysis merely provides a framework for prioritizing existing measures for each subbasin or population, within the multiple limiting factors affecting each population.  Prioritization is limited to “suites of measures”.  For this analysis, potential actions addressing each limiting factor are considered suites of measures.  No prioritization is attempted among potential actions addressing a specific limiting factor.
Development of Subbasin or Population Specific Measures
We performed an analysis of action effectiveness for anadromous salmonid populations by using the All-H Analyzer (AHA), a tool that has been widely applied in the Columbia River Basin.  Our objective was to assess the relative effectiveness of various suites of measures on the performance of each population or major population group.  The AHA tool addresses different stages in the life cycle and thus the different limiting factors that affect anadromous salmonid population performance.  The AHA tool was developed to give managers a method for examining different ways of balancing habitat restoration, hydroelectric facilities operation, harvest, and hatchery practices (Mobrand-Jones & Stokes Associates 2005). 

The AHA tool uses the Beverton-Holt population parameters of productivity and capacity for habitat inputs.  Inputs for the hydro portion of the tool include estimates of survival rates during juvenile outmigration, estuary/ocean residence, and adult upstream migration to obtain an overall SAR estimate.  Harvest rate estimates from the ocean, the Columbia River below Bonneville Dam, the Columbia River above Bonneville Dam, and tributaries are entered separately to obtain an overall exploitation rate for each population.  Hatchery inputs include, but are not limited to, actual or estimated values for numbers of smolts released, broodstock collected, and stray rates for each hatchery.  See Mobrand-Jones & Stokes Associates (2005) and Carmichael and Taylor (2007) for a thorough description of the AHA tool used in our analyses.  
We first utilized AHA to estimate population responses to a combination of potential management actions, beginning with the current condition.  Current conditions were intended to generally reflect conditions and population performance during recent years (2002 to 2006).  Outputs from the model were validated by local fish managers to ensure realistic and useful results would be achieved when comparing various alternative scenarios of proposed work.  Various scenarios focused on actions aimed at improving mainstem Columbia River survival (including the estuary), tributary habitat, harvest management, and hatchery fish management.  Prospective actions are presented as scenarios in Table 1.  Action 1 represents responses to hydro operations proposed for 2008, responses over a 10-year period to specific habitat restoration actions, and responses to harvest and hatchery fish management defined by U.S. v Oregon agreements.  Action 2 is similar to Action 1, except that habitat inputs represent longer-term responses to an extensive suite of habitat restoration actions considered “desirable and feasible” by managers.  Action 3 is similar to Action 2, except that hydro inputs represent expected responses to “aggressive non-breach” actions proposed by salmon managers.
We then used AHA to evaluate the expected response of each population if the hydrosystem had no direct impact on passage survival of juveniles or adults from subbasins of origin to Bonneville Dam, but with current conditions for habitat, harvest, and hatcheries.  This scenario provided a rough benchmark for the actions summarized above. This benchmark is considered a minimum because it accounts only for changes in direct passage survival, and not for delayed mortality, mainstem habitat loss, hydro-related changes in estuary conditions, etc.  Our analyses provide a useful and appropriate assessment of how different suites of measures can be expected to affect population performance relative to the current situation and to a benchmark defined by effects of direct passage mortality.
Results of the AHA analyses are presented for each population or for major population groups. Changes in performance measures associated with each action or scenario are presented for equilibrium spawner abundance, equilibrium abundance of natural spawners, and equilibrium adjusted productivity.  Results are used to support prioritization of “suites of measures” for each population or major population group. 

AHA Documentation

Values and documentation for AHA inputs used in our analyses are given in Appendix A.  Where applicable, habitat inputs for Action 1 were taken from the draft 2008 Biological Opinion.  For this action, we assumed no response for populations not listed under the Endangered Species Act.  For actions 2 and 3, we used output from EDT modeling (Mobrand et al. 1997; Blair et al. in press) for the habitat inputs of productivity and capacity.  The EDT values were usually obtained from subbasin plans or draft recovery plans.  When EDT values were not available, best professional judgment from the appropriate fish managers was used.  With a range of potential values available, the appropriate managers selected values indicative of population responses to desired and feasible habitat improvements. 

Hydro inputs for actions 1 and 2 were also taken from the draft 2008 Biological Opinion where applicable.  Inputs for non-listed populations were similar to those for the closest listed population of the same species and race.  For Action 3, we used inputs based on analyses conducted by CRITFC (2007).  

As previously noted, harvest and hatchery inputs for Actions 1 through 3 were defined by U.S. v Oregon agreements.  These inputs did not vary between the two actions.  

Table 1.  Actions analyzed for each population by using the AHA tool.  Detailed information on derivation of and values used for inputs is provided in Appendix A.  

	AHA Inputs
	AHA Scenarios

	
	Current 
	Action 1
	Action 2
	Action 3
	Benchmark

	Tributary Habitat
	Current
	2008 Plan
	Desired and feasible
	Desired and feasible
	Current

	Hydrosystem
	Current
	2008 plan
	2008 plan
	Aggressive non-breach
	No passage effect

	Harvest
	Current
	U.S. v Oregon
	U.S. v Oregon
	U.S. v Oregon
	Current

	Hatchery
	Current
	U.S. v Oregon
	U.S. v Oregon
	U.S. v Oregon
	Current


Estimates of downstream migrating juvenile survival with the hydrosystem having no direct passage impact were derived from Raymond (1979) as summarized by Petrosky (2007).  Estimates of upstream migrating adult survival with the hydrosystem having no direct passage impact were derived from NPCC (1986) and CRITFC (1995).

4.6  Columbia Plateau Province

4.6.X  Columbia Plateau Province Steelhead Summary

We evaluated and summarized information for 14 steelhead populations in five subbasins in the Columbia Plateau Province (Table 2).  Although the predicted responses of all populations to all scenarios address at least a portion of the gap between the current situation and the benchmark for direct passage impact by the hydrosystem, this benchmark is fully reached or exceeded by all populations for actions 2 and 3 (Figure 1).  Therefore, having all 14 populations reach the benchmark is an appropriate goal for the Columbia Plateau Province.  If all 14 populations reach this benchmark as predicted for Action 2, the predicted aggregate abundance for Columbia Plateau steelhead nearly triples that of current abundance (Figure 2).  Although responses predicted for Action 2 are appropriate targets for Columbia Plateau steelhead, if these actions do not result in desired performance, aggressive non-breach hydro actions (Action 3) may be necessary. 
Table 2.  Populations of steelhead evaluated in the Columbia Plateau
Province.

	Subbasin
	Population

	Yakima River
	Naches River

	
	Satus Creek

	
	Toppenish Creek

	
	Upper Yakima River

	Walla Walla River
	Walla Walla River

	
	Touchet River

	Umatilla River
	Umatilla River

	John Day River
	Lower Mainstem

	
	Middle Fork

	
	North Fork

	
	South Fork

	
	Upper Mainstem

	Deschutes River
	Eastside Tributaries

	
	Westside Tributaries


[image: image1.emf]0

2

4

6

8

10

12

14

Current Action 1 Action 2 Action 3

Scenario

Number of Populations 

(14 possible)

Abundance Productivity

Figure 1.  Number of Columbia Plateau steelhead populations (out of 14 evaluated) whose performance response for natural spawner abundance and productivity under each scenario is predicted to reach or exceed the “no-passage effect” benchmark.  Scenarios are described in Table 1. 
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Figure 2.  Estimate of the response of Columbia Plateau steelhead adult abundance to Action 2, relative to the current situation.  Predicted responses to Action 2 for all 14 populations evaluated reach or exceed the “no-passage effect” benchmark.  Scenarios are described in Table 1.  PNI = proportion natural influence.
Yakima River Steelhead
Biological Objectives: 
	
	Subbasin Plan
	
	Draft Recovery Plan

	Population
	Adult returns
	
	Minimum abundance threshold
	Spawner to spawner ratio
	Population status

	Naches River
	--
	
	1,500
	≥1.2
	Viable

	Satus Creek
	--
	
	1,000
	≥1.3
	Viable

	Toppenish Creek
	--
	
	1,000
	≥1.3
	Viable

	Upper Yakima River
	--
	
	2,250
	≥1.2
	Viable


Status: 
	Population
	Average recent adult returnsa
	Spawner to spawner ratioa
	Population statusa,b

	Naches River
	556
	<1.0
	Moderate to high risk

	Satus Creek
	422
	1.0
	Moderate risk

	Toppenish Creek
	492
	<1.0
	Moderate risk

	Upper Yakima River
	186
	<1.0
	High risk


a From draft recovery plan (reference).

b For abundance/productivity.
AHA Analysis

Predicted increases in population performance are relatively moderate to large, depending on the action (Figure 3; Table 3).  All actions result in increased performance from the current situation, and should result in average abundance of natural spawners reaching or nearing the minimum threshold level.  Predicted response to Action 1 closes much of the gap between the current situation and the benchmark for direct passage impact by the hydrosystem, except for the Upper Yakima Population.  Predicted responses to actions 2 and 3 are large, exceed the benchmark gap, and should result in average abundance of natural spawners reaching the broad-sense recovery objective.  Predicted response to Action 2 exceeds that of Action 1 primarily because Action 2 includes more extensive habitat restoration within the Yakima River Subbasin, as detailed in the draft recovery plan, and because Action 2 benefits accrue over a longer period than the 10-year period in Action 1. 

The predicted responses indicate that the largest contribution to performance improvements is likely to result from habitat actions within the Yakima River Subbasin, with the greatest benefits accruing over 100 years for extensive near-term actions.  Additional benefits are associated with increases in mainstem survival.  Responses predicted for Action 2 are appropriate targets for Yakima River steelhead; however, if these actions do not result in desired performance, aggressive non-breach hydro actions (Action 3) may be necessary.  It should be noted that some of the predicted response for actions 2 and 3 exceeds the benchmark for direct passage impact by the hydrosystem.
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Figure 3.  Estimates of the response of Yakima River steelhead adult abundance to potential scenarios, relative to the current situation.  Scenarios are described in Table 1.  PNI = proportion natural influence.  Lined portions of benchmark bar indicate increases in response relative to the current situation if delayed mortality (low and high estimates) is eliminated.
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Table 3.  Estimates of the response of Yakima River steelhead populations to potential 
scenarios, relative to the current situation.  Scenarios are described in Table 1. Benchmark response does not include elimination of delayed mortality.
	
	Scenario

	Population
	Current
	Action 1
	Action 2
	Action 3
	Benchmark

	Natural spawner abundance
	
	
	
	
	

	
	Naches
	1.00
	1.77
	6.39
	7.71
	2.78

	
	Satus
	1.00
	1.42
	3.62
	4.24
	1.94

	
	Toppenish
	1.00
	1.52
	4.73
	5.55
	2.13

	
	Upper Yakima
	1.00
	10.15
	775.13
	980.23
	187.17

	Productivity
	
	
	
	
	

	
	Naches
	1.00
	1.25
	2.43
	2.80
	1.58

	
	Satus
	1.00
	1.33
	2.97
	3.43
	1.74

	
	Toppenish
	1.00
	1.38
	3.00
	3.48
	1.84

	
	Upper Yakima
	1.00
	1.38
	4.14
	4.78
	2.86


Primary Limiting Factors and Threats:

	Limiting Factor
	General Threat
	Specific Threats

	Physical habitat quality/quantity
	Current land use
	Roads; grazing

	Water quantity
	Current land use
	Withdrawals; 

	Mainstem Passage
	Dams
	Mainstem hydrosystem


Strategies and Measures for Yakima River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	Action 2 - Habitat

	· Protect and conserve natural ecological processes
	· Continue existing protections, and increase protection of high quality habitats through acquisition, conservation easements, and cooperative agreements.  Priority areas are identified in the draft recovery plan.
	Immediate to long term
	Immediate to long term

	· Restore passage and connectivity to habitats blocked or impaired by artificial barriers.
	· Remove or replace culverts and other passage barriers per priorities described in the draft recovery plan.

· Construct ladders over existing concrete or earth-fill dams per priorities described in the draft recovery plan.
· Provide adequate screening at all irrigation diversions within current steelhead distribution
	5 to 20 years
	Immediate

	· Restore floodplain connectivity and function.
	· Reconnect floodplains to channels.  Priority areas are identified in the draft recovery plan.

· Reconnect side channels and off-channel habitats to stream channels.  Priority areas are identified in the draft recovery plan.

· Remove dikes and levies.  Priority areas are identified in the draft recovery plan.
· Promote the creation and maintenance of beaver dams.
	Immediate to 10 years
	Immediate to long term

	· Restore channel structure and complexity.
	· Restore natural channel form.  Priority areas are identified in the draft recovery plan.

· Place stable wood and other large organic debris in streambeds.  Priority areas are identified in the draft recovery plan.
· Stabilize and protect stream banks.  Priority areas are identified in the draft recovery plan..
	Immediate to 25 years
	Immediate to long term


Strategies and Measures for Yakima River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	· Restore riparian condition and LWD recruitment
	· Restore natural riparian vegetative communities.  Priority areas are identified in the draft recovery plan.

· Develop grazing strategies that promote riparian recovery.  Priority areas are identified in the draft recovery plan.

· Develop riparian buffers and setbacks. Priority areas are identified in the draft recovery plan.  
· Install riparian exclosure fencing. Priority areas are identified in the draft recovery plan. 

· Close, remove, and restore riparian road prisms. Priority areas are identified in the draft recovery plan.
	25 years to long term
	Immediate to long term

	· Restore natural hydrograph to provide sufficient flow during critical periods.
	· Investigate feasibility of water storage or exchange to improve instream flows.
· Obtain additional instream water rights.  Priority areas are identified in the draft recovery plan.
· Improve irrigation conveyance and efficiency.  Priority areas are identified in the draft recovery plan.
· Enhance hyporheic flows and spring inputs.  Priority areas are identified in the draft recovery plan.
	Immediate to long term
	Immediate

	· Improve degraded water quality
	· Increase riparian shading.  Priority areas are identified in the draft recovery plan.
· Address contamination from mine-related discharge  

· Reduce chemical pollution and nutrient inputs.
	Immediate
	Immediate

	Action 2 - Hydro 

	· Increase juvenile survival to levels identified in the draft 2008 Biological Opinion
	· Implement draft 2008 Biological Opinion hydro operations
	Immediate
	Immediate


Strategies and Measures for Yakima River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	Action 3 – Additional Hydro

	· Decrease turbine passage, decrease bypass passage, and increase smolt to adult return. 
	· Spill 24 hours per day within the gas cap and adult passage limits at John Day, The Dalles and Bonneville Dams, April 1 – June 30.

· Provide minimum weekly spring flow targets at McNary Dam of 220 kcfs.
· Operate reservoirs to provide juvenile migration flows.
	Immediate
	Immediate

	· Decrease delayed mortality of juvenile outmigrants.
	· Spill as described above.
	Immediate
	Immediate

	· Decrease smolt travel time to estuary, decrease passage delay.
	· Spill as described above.
· Provide flows as described above.
	Immediate
	Immediate


Walla Walla River Steelhead

Biological Objectives: 
	
	Subbasin Plan
	
	Draft Recovery Plan

	Population
	Adult returns
	
	Minimum abundance threshold
	Spawner to spawner ratio
	Population status

	
	Natural
	Hatchery
	
	
	
	

	Walla Walla River
	3,000a
	1,600-2,600a
	
	1,000
	1.35
	Viableb

	Touchet River
	
	
	
	1,000
	1.35
	Viableb


a Entire subbasin
b One of the two populations should be viable.
Status: 
	Population
	Average recent adult returnsa
	Spawner to spawner ratioa
	Population statusa,b

	Walla Walla River
	650 natural
	1.34
	Moderate risk

	Touchet River
	--
	--
	High risk


a From draft recovery plan (reference).

b For abundance/productivity.
AHA Analysis

Predicted increases in population performance are relatively moderate to large, depending on the action (Figure 4; Table 4).  All actions result in increased performance from the current situation, and should result in average abundance of natural spawners reaching or nearing the minimum threshold level.  The predicted response to Action 1 closes some of the gap between the current situation and the benchmark for direct passage impact by the hydrosystem.  Predicted responses to actions 2 and 3 are large, exceed the benchmark gap, but will likely not result in average abundance of natural spawners reaching the subbasin plan objective.  Predicted response to Action 2 exceeds that of Action 1 primarily because Action 2 includes more extensive habitat restoration within the Walla Walla River Subbasin, as detailed in the draft recovery plan, and because Action 2 benefits accrue over a 100-year period rather than the 10-year period in Action 1. 
The predicted responses indicate that the largest contribution to performance improvements is likely to result from habitat actions within the Walla Walla River Subbasin, with the greatest benefits accruing over 100 years for extensive near-term actions.  Additional benefits are associated with increases in mainstem survival.  Responses predicted for Action 2 are appropriate targets for Walla Walla River steelhead; however, if these actions do not result in desired performance, aggressive non-breach hydro actions (Action 3) may be necessary.  It should be noted that some of the predicted response for actions 2 and 3 exceeds the benchmark for direct passage impact by the hydrosystem.
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Figure 4.  Estimates of the response of Walla Walla River steelhead adult abundance to potential scenarios, relative to the current situation.  Scenarios are described in Table 1.  PNI = proportion natural influence.  Lined portions of benchmark bar indicate increases in response relative to the current situation if delayed mortality (low and high estimates) is eliminated.

Table 4.  Estimates of the response of Walla Walla River steelhead populations to potential 

scenarios, relative to the current situation.  Scenarios are described in Table 1.  Benchmark response does not include elimination of delayed mortality.

	
	Scenario

	Population
	Current
	Action 1
	Action 2
	Action 3
	Benchmark

	Natural spawner abundance
	
	
	
	
	

	
	Walla Walla 
	1.00
	1.26
	3.02
	3.61
	1.60

	
	Touchet 
	1.00
	1.35
	2.34
	2.88
	1.80

	Productivity
	
	
	
	
	

	
	Walla Walla 
	1.00
	1.26
	2.75
	3.30
	1.60

	
	Touchet 
	1.00
	1.27
	1.70
	2.01
	1.61


Primary Limiting Factors and Threats:

	Limiting Factor
	General Threat
	Specific Threats

	Water quality
	Current land use
	Agriculture; roads; withdrawals

	Physical habitat quality/quantity
	Current land use
	Agriculture

	Water quantity
	Current land use
	Agriculture; withdrawals

	Habitat access
	Dams; culverts; diversions
	Mainstem hydrosystem; culverts; irrigation diversions


Strategies and Measures for Walla Walla River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	Action 2 - Habitat

	· Protect and conserve natural ecological processes
	· Continue existing protections, and increase protection of high quality habitats through acquisition, conservation easements, and cooperative agreements.  Priority areas are identified in the draft recovery plan.
	Immediate to long term
	Immediate to long term

	· Restore passage and connectivity to habitats blocked or impaired by artificial barriers.
	· Remove or replace culverts and other passage barriers per priorities described in the draft recovery plan.

· Construct ladders over existing concrete or earth-fill dams per priorities described in the draft recovery plan.
· Provide adequate screening at all irrigation diversions within current steelhead distribution
	5 to 20 years
	Immediate

	· Restore floodplain connectivity and function.
	· Reconnect floodplains to channels.  Priority areas are identified in the draft recovery plan.

· Reconnect side channels and off-channel habitats to stream channels.  Priority areas are identified in the draft recovery plan.

· Remove dikes and levies.  Priority areas are identified in the draft recovery plan.
· Promote the creation and maintenance of beaver dams.
	Immediate to 10 years
	Immediate to long term

	· Restore channel structure and complexity.
	· Restore natural channel form.  Priority areas are identified in the draft recovery plan.

· Place stable wood and other large organic debris in streambeds.  Priority areas are identified in the draft recovery plan.
· Stabilize and protect stream banks.  Priority areas are identified in the draft recovery plan.

· Construct rock and log weirs to create pool habitats or elevate incised channels.  Priority areas are identified in the draft recovery plan.
	Immediate to 25 years
	Immediate to long term


Strategies and Measures for Walla Walla River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	· Restore riparian condition and LWD recruitment
	· Restore natural riparian vegetative communities.  Priority areas are identified in the draft recovery plan.

· Develop grazing strategies that promote riparian recovery.  Priority areas are identified in the draft recovery plan.

· Develop riparian buffers and setbacks. Priority areas are identified in the draft recovery plan.  
· Install riparian exclosure fencing. Priority areas are identified in the draft recovery plan. 

· Close, remove, and restore riparian road prisms. Priority areas are identified in the draft recovery plan.
	25 years to long term
	Immediate to long term

	· Restore natural hydrograph to provide sufficient flow during critical periods.
	· Investigate feasibility of water storage or exchange to improve instream flows.
· Obtain additional instream water rights.  Priority areas are identified in the draft recovery plan.
· Improve irrigation conveyance and efficiency.  Priority areas are identified in the draft recovery plan.
· Enhance hyporheic flows and spring inputs.  Priority areas are identified in the draft recovery plan.
	Immediate to long term
	Immediate

	· Improve degraded water quality
	· Address point sources of water pollution in the Walla Walla River and Pine Creek.
	Immediate
	Immediate

	Action 2 - Hydro 

	· Increase juvenile survival to levels identified in the draft 2008 Biological Opinion
	· Implement draft 2008 Biological Opinion hydro operations
	Immediate
	Immediate


Strategies and Measures for Walla Walla River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	Action 3 – Additional Hydro

	· Decrease turbine passage, decrease bypass passage, and increase smolt to adult return. 
	· Spill 24 hours per day within the gas cap and adult passage limits at John Day, The Dalles and Bonneville Dams, April 1 – June 30.

· Provide minimum weekly spring flow targets at McNary Dam of 220 kcfs.
· Operate reservoirs to provide juvenile migration flows.
	Immediate
	Immediate

	· Decrease delayed mortality of juvenile outmigrants.
	· Spill as described above.
	Immediate
	Immediate

	· Decrease smolt travel time to estuary, decrease passage delay.
	· Spill as described above.
· Provide flows as described above.
	Immediate
	Immediate


Umatilla River Steelhead

Biological Objectives: 
	
	Subbasin Plan
	
	Draft Recovery Plan

	Population
	Adult returns
	
	Minimum abundance threshold
	Spawner to spawner ratio
	Population status

	Umatilla River
	3,610 natural
	
	1,500
	1.26
	Viable


Status: 
	Population
	Average recent adult returnsa
	Spawner to spawner ratioa
	Population statusa,b

	Umatilla River
	1,472 natural
	1.50
	Moderate risk


a From draft recovery plan (reference).

b For abundance/productivity.
AHA Analysis

Predicted increases in population performance are relatively moderate to large, depending on the action (Figure 5; Table 5).  All actions result in increased performance from the current situation, and should result in average abundance of natural spawners reaching the minimum threshold level.  Predicted response to Action 1 closes much of the gap between the current situation and the benchmark for direct passage impact by the hydrosystem.  Predicted responses to actions 2 and 3 are large, exceed the benchmark gap, and should result in average abundance of natural spawners reaching the subbasin plan objective.  Predicted response to Action 2 exceeds that of Action 1 primarily because Action 2 includes more extensive habitat restoration within the Umatilla River Subbasin, as detailed in the draft recovery plan, and because Action 2 benefits accrue over a 100-year period rather than the 10-year period in Action 1. 
The predicted responses indicate that the largest contribution to performance improvements is likely to result from habitat actions within the Umatilla River Subbasin, with the greatest benefits accruing over 100 years for extensive near-term actions.  Additional benefits are associated with increases in mainstem survival.  Responses predicted for Action 2 are appropriate targets for Umatilla River steelhead; however, if these actions do not result in desired performance, aggressive non-breach hydro actions (Action 3) may be necessary.  It should be noted that some of the predicted response for actions 2 and 3 exceeds the benchmark for direct passage impact by the hydrosystem.
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Figure 5.  Estimates of the response of Umatilla River steelhead adult abundance to potential scenarios, relative to the current situation.  Scenarios are described in Table 1.  PNI = proportion natural influence.  Lined portions of benchmark bar indicate increases in response relative to the current situation if delayed mortality (low and high estimates) is eliminated.

Table 5.  Estimates of the response of Umatilla River steelhead populations to potential 

scenarios, relative to the current situation.  Scenarios are described in Table 1. Benchmark response does not include elimination of delayed mortality.

	
	Scenario

	Population
	Current
	Action 1
	Action 2
	Action 3
	Benchmark

	Natural spawner abundance
	
	
	
	
	

	
	Umatilla 
	1.00
	1.27
	2.91
	3.21
	1.46

	Productivity
	
	
	
	
	

	
	Umatilla 
	1.00
	1.22
	2.39
	2.61
	1.37


Primary Limiting Factors and Threats:

	Limiting Factor
	General Threat
	Specific Threats

	Habitat access
	Current land use; dams
	Storage reservoirs; culverts; diversions; mainstem hydrosystem

	Physical habitat quality/quantity
	Current land use
	Agriculture; wood removal

	Water quantity
	Current land use
	Withdrawals

	Water quality
	Current land use
	Withdrawals; agriculture


Strategies and Measures for Umatilla River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	Action 2 - Habitat

	· Protect and conserve natural ecological processes
	· Continue existing protections, and increase protection of high quality habitats through acquisition, conservation easements, and cooperative agreements.  Priority areas are identified in the draft recovery plan.
	Immediate to long term
	Immediate to long term

	· Restore passage and connectivity to habitats blocked or impaired by artificial barriers.
	· Remove or replace culverts and other passage barriers per priorities described in the draft recovery plan.

· Construct ladders over existing concrete or earth-fill dams per priorities described in the draft recovery plan.
· Provide adequate screening at all irrigation diversions within current steelhead distribution
	5 to 20 years
	Immediate

	· Restore floodplain connectivity and function.
	· Reconnect floodplains to channels.  Priority areas are identified in the draft recovery plan.

· Reconnect side channels and off-channel habitats to stream channels.  Priority areas are identified in the draft recovery plan.

· .Remove dikes and levies.  Priority areas are identified in the draft recovery plan.
	Immediate to 10 years
	Immediate to long term

	· Restore channel structure and complexity.
	· Restore natural channel form.  Priority areas are identified in the draft recovery plan.

· Place stable wood and other large organic debris in streambeds.  Priority areas are identified in the draft recovery plan.
· Stabilize and protect stream banks.  Priority areas are identified in the draft recovery plan.

· Construct rock and log weirs to create pool habitats or elevate incised channels.  Priority areas are identified in the draft recovery plan.
	Immediate to 25 years
	Immediate to long term


Strategies and Measures for Umatilla River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	· Restore riparian condition and LWD recruitment
	· Restore natural riparian vegetative communities.  Priority areas are identified in the draft recovery plan.

· Develop grazing strategies that promote riparian recovery.  Priority areas are identified in the draft recovery plan.

· Develop riparian buffers and setbacks. Priority areas are identified in the draft recovery plan.  
· Install riparian exclosure fencing. Priority areas are identified in the draft recovery plan. 

· Close, remove, and restore riparian road prisms. Priority areas are identified in the draft recovery plan.
	25 years to long term
	Immediate to long term

	· Restore natural hydrograph to provide sufficient flow during critical periods.
	· Implement Umatilla Basin Project Phases I-III.

· Obtain additional instream water rights.  Priority areas are identified in the draft recovery plan.
· Implement agricultural water conservation measures.  Priority areas are identified in the draft recovery plan.
	Immediate to long term
	Immediate

	· Improve degraded water quality
	· Address point sources of water pollution in the Umatilla River and Birch Creek.
	Immediate
	Immediate

	Action 2 - Hydro 

	· Increase juvenile survival to levels identified in the draft 2008 Biological Opinion
	· Implement draft 2008 Biological Opinion hydro operations
	Immediate
	Immediate


Strategies and Measures for Umatilla River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	Action 3 – Additional Hydro

	· Decrease turbine passage, decrease bypass passage, and increase smolt to adult return. 
	· Spill 24 hours per day within the gas cap and adult passage limits at John Day, The Dalles and Bonneville Dams, April 1 – June 30.

· Provide minimum weekly spring flow targets at McNary Dam of 220 kcfs.
· Operate reservoirs to provide juvenile migration flows.
	Immediate
	Immediate

	· Decrease delayed mortality of juvenile outmigrants.
	· Spill as described above.
	Immediate
	Immediate

	· Decrease smolt travel time to estuary, decrease passage delay.
	· Spill as described above.
· Provide flows as described above.
	Immediate
	Immediate


John Day River Steelhead

Biological Objectives: 
	
	Subbasin Plan
	
	Draft Recovery Plan

	Population
	Adult returns
	
	Minimum abundance threshold
	Spawner to spawner ratio
	Population status

	Lower Mainstem
	29,400 naturala
	
	2,250
	1.19
	Viable

	Middle Fork
	
	
	1,000
	1.35
	Viable

	North Fork
	
	
	1,500
	1.26
	Highly viable

	South Fork
	
	
	500
	1.56
	Moderate risk

	Upper Mainstem
	
	
	1,000
	1.19
	Viable


a Entire subbasin
Status: 
	Population
	Average recent adult returnsa
	Spawner to spawner ratioa
	Population statusa,b

	Lower Mainstem
	1,800 natural
	2.99
	Moderate risk

	Middle Fork
	756 natural
	2.45
	Moderate risk

	North Fork
	1,740 natural
	2.41
	Very low risk

	South Fork
	259 natural
	2.06
	Moderate risk

	Upper Mainstem
	524 natural
	2.14
	Moderate risk


a From draft recovery plan (reference).

b For abundance/productivity.
AHA Analysis

Predicted increases in population performance are relatively moderate to large, depending on the action (Figure 6; Table 6).  Responses are especially large for the Lower Mainstem and Upper Mainstem populations.  All actions result in increased performance from the current situation, and should result in average abundance of natural spawners reaching or nearing the minimum threshold level for all populations.  Predicted response to Action 1 closes some of the gap between the current situation and the benchmark for direct passage impact by the hydrosystem.  Predicted responses to actions 2 and 3 are large, exceed the benchmark gap for each population, but will likely not result in average abundance of natural spawners reaching the subbasin plan objective.  Predicted response to Action 2 exceeds that of Action 1 primarily because Action 2 includes more extensive habitat restoration within the John Day River Subbasin, as detailed in the draft recovery plan, and because Action 2 benefits accrue over a 100-year period rather than the 10-year period in Action 1. 

The predicted responses indicate that the largest contribution to performance improvements is likely to result from habitat actions within the John Day River Subbasin, with the greatest benefits accruing over 100 years for extensive near-term actions.  Additional benefits are associated with increases in mainstem survival.  Responses predicted for Action 2 are appropriate targets for John Day River steelhead; however, if these actions do not result in desired performance, aggressive non-breach hydro actions (Action 3) may be necessary.  It should be noted that some of the predicted response for actions 2 and 3 exceeds the benchmark for direct passage impact by the hydrosystem.
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Figure 6.  Estimates of the response of John Day River steelhead adult abundance to potential scenarios, relative to the current situation.  Scenarios are described in Table 1.  PNI = proportion natural influence.  Lined portions of benchmark bar indicate increases in response relative to the current situation if delayed mortality (low and high estimates) is eliminated.
Table 6.  Estimates of the response of John Day River steelhead populations to potential 

scenarios, relative to the current situation.  Scenarios are described in Table 1. Benchmark response does not include elimination of delayed mortality.

	
	Scenario

	Population
	Current
	Action 1
	Action 2
	Action 3
	Benchmark

	Natural spawner abundance
	
	
	
	
	

	
	Lower Mainstem
	1.00
	1.26
	4.02
	4.45
	1.63

	
	Middle Fork
	1.00
	1.29
	2.59
	2.88
	1.71

	
	North Fork
	1.00
	1.29
	2.08
	2.34
	1.72

	
	South Fork
	1.00
	1.40
	2.44
	2.76
	1.91

	
	Upper Mainstem
	1.00
	1.37
	3.81
	4.25
	1.89

	Productivity
	
	
	
	
	

	
	Lower Mainstem
	1.00
	1.18
	2.15
	2.34
	1.44

	
	Middle Fork
	1.00
	1.18
	2.07
	2.26
	1.45

	
	North Fork
	1.00
	1.18
	1.58
	1.73
	1.44

	
	South Fork
	1.00
	1.23
	1.82
	2.00
	1.52

	
	Upper Mainstem
	1.00
	1.21
	2.4
	2.63
	1.51


Primary Limiting Factors and Threats:

	Limiting Factor
	General Threat
	Specific Threats

	Physical habitat quality/quantity
	Current land use
	Agriculture; grazing; roads; diking

	Water quantity
	Current land use
	Withdrawals; agriculture

	Water quality
	Current land use
	Agriculture; grazing; timber harvest

	Population traits
	Hatchery practices
	Out of DPS strays

	Habitat access
	Dams
	Mainstem hydrosystem; push up dams


Strategies and Measures for John Day River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	Action 2 - Habitat

	· Protect and conserve natural ecological processes
	· Continue existing protections, and increase protection of high quality habitats through acquisition, conservation easements, and cooperative agreements.  Priority areas are identified in the draft recovery plan.
	5 to 15 years
	Immediate to 15 years

	· Restore passage and connectivity to habitats blocked or impaired by artificial barriers.
	· Remove or minimize use of push up dams per priorities described in the draft recovery plan.

· Remove or replace culverts and other passage barriers per priorities described in the draft recovery plan.
· Construct ladder over existing permanent dams in Beech Creek.
· Provide adequate screening at all irrigation diversions.
	Immediate to 50 years
	Immediate

	· Restore floodplain connectivity and function.
	· Reconnect floodplains to channels.  Priority areas are identified in the draft recovery plan.
· Restore wet meadows.  Priority areas are identified in the draft recovery plan.

· Reconnect side channels and off-channel habitats to stream channels.  Priority areas are identified in the draft recovery plan.

· Promote the creation and maintenance of beaver dams.  Priority areas are identified in the draft recovery plan.
	Immediate to long term
	5 to 15 years

	· Restore channel structure and complexity.
	· Restore natural channel form.  Priority areas are identified in the draft recovery plan.

· Place stable wood and other large organic debris in streambeds.  Priority areas are identified in the draft recovery plan.
· Stabilize and protect stream banks.  Priority areas are identified in the draft recovery plan..
	Immediate to long term
	Immediate to 15 years


Strategies and Measures for John Day River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	· Restore riparian condition and LWD recruitment
	· Restore natural riparian vegetative communities.  Priority areas are identified in the draft recovery plan.

· Develop grazing strategies that promote riparian recovery.  Priority areas are identified in the draft recovery plan.
	Long term
	5 to 15 years

	· Restore natural hydrograph to provide sufficient flow during critical periods.
	· Implement agricultural water conservation measures.  Priority areas are identified in the draft recovery plan.
· Improve irrigation conveyance and efficiency.  Priority areas are identified in the draft recovery plan.
· Obtain water rights and convert to instream water rights.  Priority areas are identified in the draft recovery plan.  
	Immediate to long term
	Immediate to long term

	· Improve degraded water quality
	· Increase riparian shading.  Priority areas are identified in the draft recovery plan.
· Address contamination from mine-related discharge  
· Reduce chemical pollution and nutrient inputs
	Long term
	Immediate to 15 years

	Action 2 - Hydro 

	· Increase juvenile survival to levels identified in the draft 2008 Biological Opinion
	· Implement draft 2008 Biological Opinion hydro operations
	Immediate
	Immediate


Strategies and Measures for John Day River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	Action 3 – Additional Hydro

	· Decrease turbine passage, decrease bypass passage, and increase smolt to adult return. 
	· Spill 24 hours per day within the gas cap and adult passage limits at John Day, The Dalles and Bonneville Dams, April 1 – June 30.

· Provide minimum weekly spring flow targets at McNary Dam of 220 kcfs.
· Operate reservoirs to provide juvenile migration flows.
	Immediate
	Immediate

	· Decrease delayed mortality of juvenile outmigrants.
	· Spill as described above.
	Immediate
	Immediate

	· Decrease smolt travel time to estuary, decrease passage delay.
	· Spill as described above.
· Provide flows as described above.
	Immediate
	Immediate


Deschutes River Steelhead

Biological Objectives: 
	
	Subbasin Plan
	
	Draft Recovery Plan

	Population
	Adult returns
	
	Minimum abundance thresholda
	Spawner to spawner ratioa
	Population statusa

	Eastside tributaries
	2,900 natural
	
	1,000
	1.35
	Viableb

	Westside tributaries
	5,500 natural
	
	1,500
	1.35
	Viableb


Status: 
	Population
	Average recent adult returnsa
	Spawner to spawner ratioa
	Population statusa,b

	Eastside tributaries
	1,599 natural
	1.89
	Low risk

	Westside tributaries
	456 natural
	1.05
	High risk


a From draft recovery plan (reference).

b For abundance/productivity.
AHA Analysis

Predicted increases in population performance are relatively moderate to large, depending on the action (Figure 7; Table 7).  All actions result in increased performance from the current situation, and should result in average abundance of natural spawners for the Eastside Tributaries population maintaining status above the minimum threshold level.  Predicted response to Action 1 closes some of the gap between the current situation and the minimum threshold for the Westside Tributaries population.  Predicted responses to actions 2 and 3 are large, exceed the benchmark gap for both populations, and bring the Westside Tributaries population to or near the minimum threshold for abundance.  Predicted response to Action 2 exceeds that of Action 1 primarily because Action 2 includes more extensive habitat restoration within the Deschutes River Subbasin, as detailed in the draft recovery plan, and because Action 2 benefits accrue over a 100-year period rather than the 10-year period in Action 1. 

The predicted responses indicate that the largest contribution to performance improvements is likely to result from habitat actions within the Deschutes River Subbasin, with the greatest benefits accruing over 100 years for extensive near-term actions.  In general, these actions benefit the Eastside Tributaries population to a greater extent than the Westside Tributaries population.  Additional benefits are associated with increases in mainstem survival. Responses predicted for Action 2 are appropriate targets for Deschutes River steelhead; however, if these actions do not result in desired performance, aggressive non-breach hydro actions (Action 3) may be necessary.  It should be noted that some of the predicted response for actions 2 and 3 exceeds the benchmark for direct passage impact by the hydrosystem.
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Figure 7.  Estimates of the response of Deschutes River steelhead adult abundance to potential scenarios, relative to the current situation.  Scenarios are described in Table 1.  PNI = proportion natural influence.  Lined portions of benchmark bar indicate increases in response relative to the current situation if delayed mortality (low and high estimates) is eliminated.


Table 7.  Estimates of the response of Deschutes River steelhead populations to potential 

scenarios, relative to the current situation.  Scenarios are described in Table 1. Benchmark response does not include elimination of delayed mortality.

	
	Scenario

	Population
	Current
	Action 1
	Action 2
	Action 3
	Benchmark

	Natural spawner abundance
	
	
	
	
	

	
	Eastside tributaries 
	1.00
	1.20
	3.28
	3.63
	1.27

	
	Westside tributaries 
	1.00
	1.30
	3.04
	3.49
	1.49

	Productivity
	
	
	
	
	

	
	Eastside tributaries 
	1.00
	1.15
	2.73
	3.00
	1.21

	
	Westside tributaries 
	1.00
	1.18
	1.99
	2.20
	1.29


Primary Limiting Factors and Threats:

	Limiting Factor
	General Threat
	Specific Threats

	Physical habitat quality/quantity
	Current land use
	Grazing; timber harvest; agriculture

	Water quantity
	Current land use
	Withdrawals

	Water quality
	Current land use
	Withdrawals

	Population traits
	Hatchery practices
	Out of DPS strays

	Habitat access
	Dams 
	Pelton-Round Butte complex; mainstem hydrosystem


Strategies and Measures for Deschutes River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	Action 2 - Habitat

	· Protect and conserve natural ecological processes
	· Continue existing protections, and increase protection of high quality habitats through acquisition, conservation easements, and cooperative agreements.  Priority areas are identified in the draft recovery plan.
	5 to 15 years
	Immediate to 15 years

	· Restore passage and connectivity to habitats blocked or impaired by artificial barriers.
	· Restore passage at Pelton-Round Butte Complex.

· Remove or replace culverts and other passage barriers per priorities described in the draft recovery plan.
· Provide adequate screening at all irrigation diversions.
	Immediate to 50 years
	Immediate

	· Restore floodplain connectivity and function.
	· Reconnect floodplains to channels.  Priority areas are identified in the draft recovery plan.
· Reconnect side channels and off-channel habitats to stream channels.  Priority areas are identified in the draft recovery plan.

· Promote the creation and maintenance of beaver dams.  Priority areas are identified in the draft recovery plan.
	Immediate to long term
	5 to 15 years

	· Restore channel structure and complexity.
	· Restore natural channel form.  Priority areas are identified in the draft recovery plan.

· Increase role and abundance of wood and large organic debris in streambeds.  Priority areas are identified in the draft recovery plan.
· Stabilize streambanks with passive restoration techniques.  Priority areas are identified in the draft recovery plan (Eastside tributaries).

· Increase instream habitat through manual placement of structures.  Priority areas are identified in the draft recovery plan (Westside tributaries)..
	Immediate to long term
	Immediate to 15 years


Strategies and Measures for Deschutes River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	· Restore riparian condition and LWD recruitment
	· Restore natural riparian vegetative communities.  Priority areas are identified in the draft recovery plan.

· Develop grazing strategies that promote riparian recovery.  Priority areas are identified in the draft recovery plan.
· Eradicate invasive plant species from riparian areas where opportunities exist.

· Install and maintain fencing to exclude livestock.
	Long term
	5 to 15 years

	· Restore natural hydrograph to provide sufficient flow during critical periods.
	· Implement agricultural water conservation measures.  Priority areas are identified in the draft recovery plan.
· Improve irrigation conveyance and efficiency.  Priority areas are identified in the draft recovery plan.
· Obtain water rights and convert to instream water rights.  Priority areas are identified in the draft recovery plan.  
	Immediate to long term
	Immediate to long term

	· Improve degraded water quality
	· Manage irrigation return flow to reduce stream temperatures.  Priority areas are identified in the draft recovery plan.
· Reduce chemical pollution inputs from agricultural lands throughout the subbasin.
	Long term
	Immediate to 15 years

	Action 2 - Hydro 

	· Increase juvenile survival to levels identified in the draft 2008 Biological Opinion
	· Implement draft 2008 Biological Opinion hydro operations
	Immediate
	Immediate


Strategies and Measures for Deschutes River Steelhead
	Strategy
	Measure
	Implementation Timeframe
	Expected Response Timeframe

	Action 3 – Additional Hydro

	· Decrease turbine passage, decrease bypass passage, and increase smolt to adult return. 
	· Spill 24 hours per day within the gas cap and adult passage limits at John Day, The Dalles and Bonneville Dams, April 1 – June 30.

· Provide minimum weekly spring flow targets at McNary Dam of 220 kcfs.
· Operate reservoirs to provide juvenile migration flows.
	Immediate
	Immediate

	· Decrease delayed mortality of juvenile outmigrants.
	· Spill as described above.
	Immediate
	Immediate

	· Decrease smolt travel time to estuary, decrease passage delay.
	· Spill as described above.
· Provide flows as described above.
	Immediate
	Immediate


APPENDIX A
Appendix Table A-1.  Values for productivity and capacity used as inputs to the AHA tool for the current condition, Action 1, and actions 2 and 3, for Columbia Plateau steelhead. 
	
	Productivity
	
	Capacity

	Subbasin, population
	Current
	Action 1
	Actions 2-3
	
	Current
	Action 1
	Actions 2-3

	Yakima
	
	
	
	
	
	
	

	
	Naches summer steelhead
	1.630
	1.695
	3.293
	
	2,056
	2,138
	4,934

	
	Satus summer steelhead
	4.500
	4.680
	9.675
	
	1,298
	1,350
	2,895

	
	Toppenish summer steelhead
	3.890
	4.046
	7.819
	
	1,082
	1,125
	2,792

	
	Upper Yakima summer steelhead
	1.250
	1.300
	2.188
	
	2,453
	2,551
	8,733

	Walla Walla
	
	
	
	
	
	
	

	
	Walla Walla summer steelhead
	3.916
	4.073
	7.715
	
	1,303
	1,355
	2,880

	
	Walla Walla summer steelhead

(Lyons Ferry Hatchery)
	--
	--
	--
	
	--
	--
	--

	
	Touchet summer steelhead
	1.724
	1.793
	2.276
	
	691
	719
	1,126

	
	Touchet summer steelhead 

(Lyons Ferry Hatchery)
	--
	--
	--
	
	--
	--
	--

	Umatilla
	
	
	
	
	
	
	

	
	Umatilla summer steelhead
	4.330
	4.503
	8.703
	
	3,150
	3,276
	6,678

	John Day
	
	
	
	
	
	
	

	
	Lower Mainstem summer steelhead
	3.440
	3.474
	6.300
	
	3,416
	3,450
	9,462

	
	Middle Fork summer steelhead
	2.820
	2.848
	4.940
	
	1,427
	1,441
	2,383

	
	North Fork summer steelhead
	2.770
	2.798
	3.740
	
	3,288
	3,321
	4,735

	
	South Fork summer steelhead
	2.370
	2.417
	3.440
	
	545
	556
	790

	
	Upper Mainstem summer steelhead
	2.460
	2.485
	4.720
	
	1,095
	1,106
	2,300

	Deschutes
	
	
	
	
	
	
	

	
	Eastside tributaries summer steelhead
	3.710
	3.821
	9.020
	
	6,344
	6,534
	15,162

	
	Westside tributaries summer steelhead
	1.840
	1.858
	2.834
	
	1,220
	1,232
	1,427

	
	Deschutes summer steelhead

(Round butte Hatchery)
	--
	--
	--
	
	--
	--
	--


Appendix Table A-2.  Values for direct juvenile outmigration survival from subbasins of origin to Bonneville Dam for the current condition, actions 1-2, Action 3, and the benchmark for no direct passage effect caused by the hydrosystem, for Columbia Plateau steelhead.

	
	Survival rate

	Subbasin, population
	Current
	Actions 1-2
	Action 3
	Benchmark

	Yakima
	
	
	
	

	
	Naches summer steelhead
	0.470
	0.526
	0.611
	0.692

	
	Satus summer steelhead
	0.470
	0.526
	0.611
	0.692

	
	Toppenish summer steelhead
	0.470
	0.526
	0.611
	0.692

	
	Upper Yakima summer steelhead
	0.470
	0.526
	0.611
	0.692

	Walla Walla
	
	
	
	

	
	Walla Walla summer steelhead
	0.468
	0.524
	0.608
	0.662

	
	Walla Walla summer steelhead

(Lyons Ferry Hatchery)
	0.468
	0.524
	0.608
	0.662

	
	Touchet summer steelhead
	0.468
	0.524
	0.608
	0.662

	
	Touchet summer steelhead 

(Lyons Ferry Hatchery)
	0.468
	0.524
	0.608
	0.662

	Umatilla
	
	
	
	

	
	Umatilla summer steelhead
	0.696
	0.766
	0.835
	0.902

	John Day
	
	
	
	

	
	Lower Mainstem summer steelhead
	0.700
	0.770
	0.840
	0.926

	
	Middle Fork summer steelhead
	0.700
	0.770
	0.840
	0.926

	
	North Fork summer steelhead
	0.700
	0.770
	0.840
	0.926

	
	South Fork summer steelhead
	0.700
	0.770
	0.840
	0.926

	
	Upper Mainstem summer steelhead
	0.700
	0.770
	0.840
	0.926

	Deschutes
	
	
	
	

	
	Eastside tributaries summer steelhead
	0.770
	0.809
	0.886
	0.923

	
	Westside tributaries summer steelhead
	0.770
	0.809
	0.886
	0.923

	
	Deschutes summer steelhead

(Round butte Hatchery)
	0.770
	0.809
	0.886
	0.923


Appendix Table A-3.  Values for estuary/ocean survival (Bonneville Dam to Bonneville Dam) for the current condition, actions 1-3, and the benchmark for no direct passage effect caused by the hydrosystem, for Columbia Plateau steelhead.

	
	Survival rate

	Subbasin, population
	Current
	Actions 1-3
	Benchmark

	Yakima
	
	
	

	
	Naches summer steelhead
	0.061
	0.065
	0.061

	
	Satus summer steelhead
	0.061
	0.065
	0.061

	
	Toppenish summer steelhead
	0.061
	0.065
	0.061

	
	Upper Yakima summer steelhead
	0.061
	0.065
	0.061

	Walla Walla
	
	
	

	
	Walla Walla summer steelhead
	0.056
	0.059
	0.056

	
	Walla Walla summer steelhead

(Lyons Ferry Hatchery)
	0.056
	0.059
	0.056

	
	Touchet summer steelhead
	0.056
	0.059
	0.056

	
	Touchet summer steelhead 

(Lyons Ferry Hatchery)
	0.056
	0.059
	0.056

	Umatilla
	
	
	

	
	Umatilla summer steelhead
	0.056
	0.059
	0.056

	John Day
	
	
	

	
	Lower Mainstem summer steelhead
	0.053
	0.056
	0.053

	
	Middle Fork summer steelhead
	0.053
	0.056
	0.053

	
	North Fork summer steelhead
	0.053
	0.056
	0.053

	
	South Fork summer steelhead
	0.053
	0.056
	0.053

	
	Upper Mainstem summer steelhead
	0.053
	0.056
	0.053

	Deschutes
	
	
	

	
	Eastside tributaries summer steelhead
	0.053
	0.056
	0.053

	
	Westside tributaries summer steelhead
	0.053
	0.056
	0.053

	
	Deschutes summer steelhead

(Round butte Hatchery)
	0.053
	0.056
	0.053


Appendix Table A-4.  Values for adult upstream migration survival from Bonneville Dam to subbasins of origin for the current condition, actions 1-3, and the benchmark for no direct passage effect caused by the hydrosystem, for Columbia Plateau steelhead.
	
	Survival rate

	Subbasin, population
	Current
	Actions 1-3
	Benchmark

	Yakima
	
	
	

	
	Naches summer steelhead
	0.907
	0.907
	0.975

	
	Satus summer steelhead
	0.907
	0.907
	0.975

	
	Toppenish summer steelhead
	0.907
	0.907
	0.975

	
	Upper Yakima summer steelhead
	0.907
	0.907
	0.975

	Walla Walla
	
	
	

	
	Walla Walla summer steelhead
	0.907
	0.907
	0.965

	
	Walla Walla summer steelhead

(Lyons Ferry Hatchery)
	0.907
	0.907
	0.965

	
	Touchet summer steelhead
	0.907
	0.907
	0.965

	
	Touchet summer steelhead 

(Lyons Ferry Hatchery)
	0.907
	0.907
	0.965

	Umatilla
	
	
	

	
	Umatilla summer steelhead
	0.930
	0.930
	0.974

	John Day
	
	
	

	
	Lower Mainstem summer steelhead
	0.880
	0.880
	0.951

	
	Middle Fork summer steelhead
	0.880
	0.880
	0.951

	
	North Fork summer steelhead
	0.880
	0.880
	0.951

	
	South Fork summer steelhead
	0.880
	0.880
	0.951

	
	Upper Mainstem summer steelhead
	0.880
	0.880
	0.951

	Deschutes
	
	
	

	
	Eastside tributaries summer steelhead
	0.953
	0.953
	0.953

	
	Westside tributaries summer steelhead
	0.953
	0.953
	0.953

	
	Deschutes summer steelhead

(Round butte Hatchery)
	0.953
	0.953
	0.953
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