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Project Summary
A. Goals
The goal of this study is to evaluate passage success and survival for adult Chinook salmon and Redfish Lake sockeye salmon in the Snake River and identify potential sources for loss and delay in relation to meeting or exceeding the adult conversion/survival performance standard established in the 2008 FCRPS BiOp.

B. Objectives
1. Estimate survival probability, passage metrics and pathways of adult Snake River spring/summer and fall Chinook salmon tagged at Ice Harbor through the tailwaters, ladders, and forebays of:
A. Little Goose Dam to elucidate delay mechanisms attributable to the new spill pattern for juvenile salmonid passage and eroded conditions in the entrances and collection channels of SSE and NSE; 
and,
B. Lower Granite Dam using active or temperature logging transmitters to elucidate delay and stress mechanisms attributable to spill operation for juvenile salmonid passage and/or water temperature differentials between ladder entrances and ladder exit.
2. Analysis of existing PIT-tag detection information to estimate conversion or survival between each FCRPS dam for adult sockeye, spring/summer and fall Chinook salmon, and steelhead from 2008, 2009, 2010, and 2011 to determine if passage survival is meeting or exceeding the adult conversion/survival performance standard established in the 2008 FCRPS BiOp. 
3. Estimate the survival probability of adult Snake River sockeye salmon migrating in-river from tagging at the Lower Granite Dam trap to terminal fate upstream within the Sawtooth Basin.
4. Utilize Objective 2 analyses and ladder count passage metrics to resolve why adult counts during certain years have increased (conversion >100%) between each lower Snake River dam as adults pass upriver, and if these trends are related to overwintering adults for certain ESU/DPSs and multiple counting of fish that have fallen back after passage and re-ascension, resulting in skewing conversion rate estimates.

C. Methods
For 2012, we propose to use a combination of passive integrated transponder (PIT) and radiotelemetry to evaluate the success and behavior of:
A. Adult Snake River spring/summer Chinook salmon migrating through the lower Snake River hydrosystem and dams following tagging at Ice Harbor Dam, specifically focusing on effects of spill operation for juvenile salmon dam survival performance standard testing with the TSW at Little Goose Dam. 
B. Adult Snake River fall Chinook salmon radiotagged at Ice Harbor Dam with a subsample outfitted with archival temperature recording tags to document exposures within the lower Snake River hydrosystem and dams with a focus on the adult ladder entrances-to-exit environments where water temperature differentials can result in delay and stress. 
C. Adult Snake River sockeye salmon radiotagged at Lower Granite Dam with a subsample outfitted with archival temperature recording tags to document exposures within the Lower Granite forebay through the Snake River upstream to terminal fate in the Sawtooth Basin with a focus on the adult ladder exit-to-forebay environment where water temperature differentials may result in delay and stress. 
D. PTAGIS quarries for PIT-tag detections of all Snake River salmon and steelhead stock adults, and specifically for sockeye salmon, at Bonneville, McNary, Ice Harbor, and Lower Granite dams for years 2009 through 2011 to estimate migration success and potential correlations with river (water temperature) and operational (spill) conditions through the lower Columbia and Snake rivers.
Radio-tagged Chinook and sockeye salmon would be monitored using an array of fixed-site receivers at the lower and upper concrete face of Little Goose and Lower Granite dams, in the tailwaters and forebays of Little Goose and Lower Granite dams, and within the ladder entrances, collection galleries, and ladder weir sections and exits of Little Goose and Lower Granite dams, as those tagged adults migrate upstream passing Little Goose and Lower Granite dams to evaluate effects of spill operations and water temperatures on passage. In addition, sockeye salmon collected and tagged at the Lower Granite adult trap would be monitored as they continue to the spawning grounds in the Sawtooth Basin. This latter portion would be coordinated with a separate telemetry study being conducted by Idaho Department of Fish and Game (IDFG) and NOAA Fisheries to evaluate the downstream migration of juvenile Snake River sockeye salmon. Temperature profiles from recovered fish will be compared to records from in-river monitors to determine the relationship between migration success and temperature exposures.  Overwintering and fall back adult bias on counts and conversion rates at lower Snake River dams will be examined and analyzed from PIT-tag detection data.

D. Relevance
Snake River spring/summer Chinook salmon were listed as a threatened species on April 22, 1992 and the threatened status reaffirmed on June 28, 2005.  The Evolutionarily Significant Unit (ESU) includes all naturally spawned populations of spring/summer-run Chinook salmon in the mainstem Snake River and the Tucannon River, Grande Ronde River, Imnaha River, and Salmon River subbasins, as well as fifteen artificial propagation programs.   Snake River fall Chinook salmon were listed as a threatened species on April 22, 1992 and the threatened status reaffirmed on June 28, 2005. The ESU includes all naturally spawned populations of fall-run Chinook salmon in the mainstem Snake River below Hells Canyon Dam, and in the Tucannon River, Grande Ronde River, Imnaha River, Salmon River, and Clearwater River subbasins, as well as four artificial propagation programs.  Snake River sockeye salmon were listed as endangered under the Endangered Species Act in November 20, 1991 and reaffirmed on June 28, 2005 because of the eminent risk of extirpation (NMFS 1991).  
Work described here addresses research needs outlined in ADS-W-12-New of the Anadromous Fish Evaluation Program (USACE, Northwestern Division) and will aide the Action Agencies achieve compliance with several adult RM&E actions as outlined in the 2008 NOAA Biological Opinion and 2010 Supplemental FCRPS Biological Opinion (NOAA 2008; 2010) dealing with management of ESA-listed anadromous salmonids.  Multiple Reasonable and Prudent Alternative Actions (RPAs; 16, 28, 42, 52 and 54) of the 2008 Biological Opinion for the Federal Columbia River Power System (FCRPS) (NOAA 2008) deal with adult salmonid passage.  RPA 16 calls for implementing water quality measures (including water temperature) to enhance ESA-listed adult fish survival.  RPA 28 calls for investigating adult passage and determine whether structural, operational, or tailrace modifications can alleviate adult passage delays or blockages during spill operations at Little Goose Dam and investigating adult fishway modification to improve upstream adult passage conditions impaired by temperature differentials at Lower Granite Dam.  In addition, the FCRPS 2010 Progress Report documented that the 5-year (2006-2010) rolling average survivals from Bonneville to Lower Granite dams for Snake River spring-summer Chinook salmon and steelhead had not met standards outlined in the 2008 FCRPS Biological Opinion, as measured using PIT-tag conversion rates, indicating that investigations for potential sources of passage improvement are warranted.

“In accordance with section B.2.6 of the Biological Assessment and RPA #52 regarding evaluating adult reach survival, the FCRPS Action Agencies shall annually estimate adult survival through key reaches of the migration corridor (Bonneville to Lower Granite dam for Snake River species and Bonneville to McNary Dam for Upper Columbia and Middle Columbia River species) in accordance with the PIT-tag conversion rate methodology used in this Opinion, compare averages of the resulting annual mortality estimates (1-survival) to the values reported in Table 14.1, and inform NOAA Fisheries of the results of this comparison. This will minimize take by identifying potential problems areas within the adult migration corridor and allow for potential changes to configurations or operations to benefit the species.”

Significant management efforts and favorable ocean conditions have helped increase returns of adult sockeye to the Snake River recently, but this population is primarily the progeny of an intensive captive broodstock program. The 2008 NOAA Biological Opinion and 2010 and Supplemental FCRPS Biological Opinion (NOAA 2008; 2010) did not include performance standards for sockeye salmon because insufficient information was available. The Biops include contingency adaptive management options such as a study on the feasibility to transport adult sockeye salmon from Lower Granite Dam to the Sawtooth Valley (RPA 42). A pilot study performed by Idaho Department of Fish and Game in 2010 supported the successful concept of high survival during truck transport of adult sockeye salmon, just as Idaho had been transporting adult sockeye to-and-from the Stanley Basin lakes to their Eagle hatchery facilities for several years. The AMIP Adult Sockeye Transport Plan cannot be completed until more resolute investigations on factors that affect unsuccessful migration success have been conducted to determine the appropriate biological trigger(s) for initiation of adult sockeye transport. Currently, Lower Granite dam to Sawtooth Basin conversion rates vary annually between the 60-80+%. The only previous study conducted to assess sources of loss was based upon a small sample size of radio tagged fish and thus could not conclusively identify the source(s) of loss and delay.  Specifically, we wish to determine if lost fish can be attributed to either un-captured tributary turnoff (i.e. straying or seeking water temperature refugium) and/or deleterious physiological effects due to stressful water temperatures encountered up- (unimpounded corridor) and downstream (lower Snake River hydrosystem) of Lower Granite Dam.   


Project Description

Background
A focus of recovery efforts for depressed stocks of Pacific salmon Oncorhynchus spp. has been assessing and improving fish passage conditions at mainstem dams on the Columbia and Snake rivers.  In the last 15 years, improved research techniques and technology have provided a better understanding of the hydrosystem operational effects on adult salmonid dam passage timing, distribution, behavior, and physiology.  From 1996 to 2002, upstream migration rates were determined for more than 12,000 radio-tagged adult spring–summer and fall Chinook salmon (O. tshawytscha) and steelhead (O. mykiss) past Columbia and Snake River dams, reservoirs, and longer hydrosystem reaches that included multiple dams and reservoirs. Passage rates were also calculated for 1,800 spring/summer Chinook salmon as they passed through 12 unimpounded reaches and tributaries. Most radio-tagged fish (90% or more) from all runs passed individual mainstem Columbia and Snake River dams in 24 to 48 hours. Migration behavior in reservoirs and through multiple dam/reservoir reaches varied substantially within and between years and between species. Within years, spring–summer Chinook salmon migrated more rapidly as water temperature increased; between years, spring/summer Chinook salmon migrated quickly in low-discharge years and slowly in high-discharge years. Steelhead migrations slowed dramatically when summer water temperatures peaked within each year, then increased as rivers cooled in fall. Mean summer temperatures explained more between-year variation in steelhead passage rates than did differences in discharge. Fall Chinook salmon also slowed migration through the mainstem Columbia River during warm water periods.  Reports of these studies are available to be downloaded from the Corps Portland District, the Corps Walla Walla District, and from the University of Idaho.  The two primary areas of interest to the Corps and other action agencies associated with this body of work are the structural features and operational procedures that influence adult fish passage and survival.  This proposal addresses both areas of interest, specifically the use of surface spill structures and associated spill patterns and hydraulic conditions in the tailraces of dams and water temperatures conditions within the Snake River hydosystem with a focus on areas in and near fishways at Little Goose and Lower Granite dams.  
Structures and Spill
Studies on passage structures and operations vary from evaluating how a spill pattern or spillway structure, such as The Dalles Dam spill wall, affect passage time and distribution of passage to evaluating how overwintering steelhead and steelhead kelts use surface passage routes in December and March. In recent years, surface spill structures have been implemented as a means to improve juvenile salmonid passage but their use requires modified spill patterns to achieve maximum benefits.  At Little Goose Dam, spill modifications resulted in delayed passage for adult spring/summer Chinook and sockeye salmon O. nerka  prior to 2008 and/or the TSW since 2009.  As a result, a new spill pattern that added bay 8 priority was to be tested in 2011. But sustained high flows throughout 2011 eroded the NSE environment and did not allow an evaluation of the spill pattern change.  New spill patterns intended to eliminate adult passage delays in the tailrace of Lower Monumental, Little Goose, and Lower Granite Dams need to be evaluated for Chinook and sockeye salmon.  Specifically, we propose to evaluate how salmon migrants react to current hydraulic conditions existing in the tailrace and fish ladders at Little Goose Dam and what conditions may contribute to passage delays.  This information will be used to assess future potential spill modifications with surface spill structures at other dams.  We propose to use analyses of PIT tag information, augmented with new radiotelemetry data to monitor adult sockeye and Chinook salmon migrating through the Snake River and to evaluate for sources of delay related to operational and environmental conditions.  
For several recent years, especially average to above average flow years that have occurred since 2008, Little Goose SSE subsurface velocity has been continually out of criteria and weir depths for SSE and NSE has been difficult to maintain for certain tailwater elevations. Many ladder entrance weirs, including NSE, at Little Goose have been fixed on sill during maintenance deferral and the spillway facing ladder entrances have been permanently closed. During the recent years of BiOp increased spill volumes and associated operations for juvenile passage enhancements, certain adult passage structures appear to be falling out of criteria due to wear or simply established hydraulic criteria may not be adequate enough for spill-oriented ladder entrances to function optimally in providing attraction to adult salmon while competing with the higher spill flow and distribution.

Water quality/Temperature
Adult salmonids migrating through the Columbia-Snake River hydrosystem, as well as the historic free running river, experience some amount of time with body temperatures widely considered to be physiologically stressful, even in years with moderate river temperatures. Researchers found evidence that some Chinook salmon and steelhead will slow migration and postpone entry into the Snake River during warm water conditions and will pass dams later, on average, in years when mean summer-time water temperatures are high. Prior to impoundment, water temperatures in the Snake River were also high in mid to late summer, often exceeding 20 ºC. But currently, similar or slightly higher maximum temperatures occur during the summer and persist longer into the fall than historically on the lower Snake River. Systemwide tracking of fish tagged with temperature archiving tags have helped determine exposure levels and behaviors such as use and location of thermal refugia in the FCRPS.  From this work we found that temperature exposure of migrating adults varies greatly by season and species. In a study using data storage tags in 2000 and 2002, spring Chinook had only a mean 2% percentage exposure time to temperatures above 20 ºC while summer Chinook and steelhead exposure time was 20-22% and 45% for fall Chinook. Three years of evaluations in the South Fork Salmon River in Idaho found the lowest spawning success in summer Chinook (29-36%) during years with high temperatures in the spawning areas (9-12 days of exposure to temperature > 20 ºC) and higher spawner density. No relationship between spawning success and the number of high temperature days at LGR was found but sample sizes were limited.
[bookmark: _GoBack]During the summer months, primarily July and August, fish ladders have been identified as areas where adult migrants encounter warm temperatures. Body temperatures of salmon and steelhead outfitted with archival temperature sensors were warmest during fish ladder passage compared to tailrace and reservoir passage at lower Columbia and Snake River dams. As water temperatures exceeded 20 °C fish tended to have longer passage times through ladders, backed out of ladders into the tailrace more often, and increased passage during the early morning hours. In addition to the effects of warm temperatures per se, thermal gradients in fish ladders (see below) have been associated with slowed migration. These differential temperatures can exceed 1-2 °C during fish passage events at most FCRPS but the majority of each run for all species pass when temperature differences between the top and bottom of the ladders are from 0-1°C. In 2011 at Lower Granite Dam, temperature differentials were 1 °C or higher, reach up to 4 °C for an extended period (Figure 1).   
Dworshak operations –Dworshak Dam forms a relatively deep and narrow reservoir on the North Fork of the Clearwater River that is typically thermally stratified.  The dam is equipped with selector gates, which can move vertically and draw water from varying elevations in the reservoir allowing operators to manage the temperature of the project releases.  The 2008 BiOp calls for cold-water releases from Dworshak reservoir in July and August with the objective of maintaining Lower Granite tailwater temperatures at or below 68 ºF (RPA 4). These releases are intended to enhance migration conditions for juvenile salmonids by increasing flow and by reducing travel time and the risk of disease through the lower Snake River projects.  A second purpose for releasing stored cool water from Dworshak Dam during the summer is to reduce water temperatures in the lower Snake River for returning adults. Complex mixing of Clearwater and warmer Snake River water masses results in vertical and lateral temperature gradients below the confluence of these two rivers that persists into Lower Granite reservoir. These gradients represent variation in the thermal environment from which adult salmonids may potentially select to regulate body temperature during upstream migration (behavioral thermoregulation). Studies in 2001, 2002, and 2004 using Chinook salmon and steelhead tagged with acoustic Multiple Array Processor (MAP) tags which indicated fish position and transmitted temperatures and depths of fish, supported the hypothesis that upstream migrating adults use the cool water released from Dworshak Reservoir and that these releases reduce thermal stress during warm summer months. Although a reservoir passage benefit to adult salmon exists, the cooler water typically remains deep (>60-80 feet) in Lower Granite reservoir, and to a lesser extent at downstream Snake River reservoirs, becoming progressively more mixed as it passes through the powerhouses.  Thus, the cooler water in the forebay is not available to enter the upper segments of fish ladders but is pumped from the tailrace into the lower segments, resulting in temperature differential of 1 to 4 degrees °C within fishways that can delay adult salmon passage. 


Figure 1.  Temperature differential (between upper and lower ladder segments) in Lower Granite Dam fishway during 2011.  

Count conversions
Adult salmonid counts and PIT tag detections at dams are used extensively by managers to determine run size and track run timing through the Columbia River.  These actions are also used to track problems that may arise with adult passage in relationship to changes in river conditions, dam operations, or emergency situations.  For example, the conversion rate method used by NOAA Fisheries to assess adult survival through the mainstem Columbia and Snake Rivers accounts for estimated harvest and straying rates of adults within the FCRPS migration corridor. They also capture all other sources of mortality manifested within the identified reaches, including those resulting from the existence and operation of the FCRPS as well as mortalities from other sources (e.g., unreported or delayed mortality caused by fisheries, marine mammal predator attacks, etc.), and natural mortaly (i.e. levels of mortality in the migratory corridor that would have occurred without human influence) (2008 BiOp Incidental Take Statement, 14-4).   Table 1 summarizes NOAA Fisheries’ updated adult conversion rate analysis which was the basis for Adult Performance Standards in the 2008 BiOp (see 2008 RPA Table, Table 7 and 2008 SCA Appendix A). Conversion rates of SR fall Chinook salmon and UCR steelhead exceeded average 2008 BiOp expectations in both 2007 and 2008. Conversion rates of SR spring-summer Chinook salmon, SR steelhead, SR sockeye salmon, and UCR spring Chinook salmon were lower than average BiOp expectations for both 2007 and 2008. 2007 estimates were within the observed ranges with two exceptions: 2008 SR steelhead and sockeye salmon conversion rates were about 4-5% lower than the lowest estimates made since 2003 for SR steelhead and 2006 for sockeye. As survival rates appeared to be higher than typical in the Bonneville to McNary reach for SR steelhead, it would appear that these losses occurred primarily in the Snake River. For sockeye salmon, losses appear to have been higher in the Bonneville Dam to McNary reach than in the past two years for which there are data. As this estimate is expanded to include the McNary to Lower Granite reach, it is not surprising that the overall Bonneville to Lower Granite conversion rate estimate would also be lower than the 2008 BiOp average. Conversion rates of SR fall Chinook, and UCR steelhead in 2007 and 2008 exceeded the average expectations presented in the 2008 BiOp. Conversion rates of SR spring/summer Chinook, SR steelhead, SR sockeye, and UCR spring Chinook were lower in 2007 and 2008 than the average values presented in the 2008 BiOp. Adult evaluations required by RPAs 52 and 54 need to be conducted to assess possible causes (i.e. contribution of straying and transport history; Table 2) of these lower than expected values for 2007 and 2008, as well as calculating the PIT-tag derived conversions for 2009 through 2011 for the BiOp Annual Reports and check-ins.
When obvious errors occur in counts it is difficult to determine the cause and how to best interpret the available information.  For example, in the lower Snake River there are numerous events where counts for Chinook salmon, steelhead and sockeye at a project are higher than those reported at downstream dams.  Potential sources of error include fallback where fish are counted passing a dam but then fall back causing an overcount.  If a fish then reasends a dam it will be counted twice producing an overcount.  Another source of error are steelhead that overwinter between projects and thus are counted in the fall at a downstream project but then counted the spring of the following year at the next upstream project.  We propose to use existing PIT and telemetry records to assess the most likely sources of count discrepancies among McNary and the lower Snake River dams.  

Sockeye salmon
Snake River sockeye salmon originate from lakes in the Sawtooth Valley of central Idaho (Figure 2).  This population is unique in that it has the highest elevation (2,000 m) and longest freshwater migration (1,500 km) of any sockeye salmon population (Waples et al. 1991).  For multiple reasons, sockeye salmon production from the Snake River declined to just a few individuals per year in the late 20th century (Figure 3), prompting listing as endangered under the 

Table 1. Conversion rate estimates (adjusted for harvest and straying) of known origin adult salmon and steelhead (which migrated inriver as juveniles) through key reaches of the mainstem Federal Columbia River Power System in 2007 and 2008. Bold text indicates numbers used for the adult performance standard. Source: NOAA Fisheries, Analysis dated Sept. 29, 2009.

	ESU/DPS
	Conversion rate from BON to MCN
	
	
	Conversion rate (s.e.) from BON to LGR
	
	

	
	BiOp Avg (range)
	2007
	2008
	BiOp Avg (range)
	2007
	2008

	SR fall Chinook salmon1[footnoteRef:1] [1: ] 

	88.0%
	89.1%
	95.7%
	81.0% (58.8%-98.6%)
	83.5%
	91.9%

	SR spr-sum Chinook salmon
	94.9%
	94.1%
	88.9%
	91.0% (81.6%-97.9%)
	89.1%
	86.0%

	SR steelhead[footnoteRef:2] [2: ] 

	95.3%
	95.7%
	99.4%
	90.1% (85.6%-93.8%)
	86.6%
	80.8%

	SR sockeye salmon[footnoteRef:3] [3: ] 

	91.4%
	90.4%
	88.3%
	81.1% (79.1%-83.2%)
	79.1%
	74.9%

	UCR spr Chinook salmon
	90.1% (86.1%-96.1%)
	87.5%
	87.6%
	NA
	NA
	NA

	UCR steelhead
	84.5% (77.6%-90.7%)
	85.3%
	86.9%
	NA
	NA
	NA



 2007 estimates of Chinook salmon were adjusted to reflect updated harvest estimates.
2 2007 estimates for SR steelhead and UCR steelhead were reported in the 2008 SCA-but were not used in the calculated average because returns were incomplete as of May 2008. These numbers have been adjusted to reflect the completed migration and updated harvest estimates, if applicable.
3 Uses mostly adults from the Okanogan River and Lake Wenatchee ESUs as surrogates (and expands the BON to MCN conversion rate estimate [3rd root] to estimate a BON to LGR conversion rate for SR sockeye [7th root]).

Endangered Species Act (ESA) in 1991 and the initiation of a captive broodstock program in 1994.  From 1991 to 1999, fewer than ten adult sockeye were observed at Lower Granite Dam and an estimated three adults reached spawning areas in the Sawtooth Valley, approximately 750 km distance upstream (D. Baker, IDFG, pers. comm.).  In recent years, releases of 150,000 to 200,000 smolts annually from the captive broodstock program in combination with favorable ocean conditions have resulted in increased numbers of adult returns to Lower Granite Dam in 2008, 2009 and 2010 of 909, 1,219 and then 2,201, respectively.  The increase in sockeye salmon escapement in the Snake River corresponded with a similar increase for upper Columbia River sockeye salmon stocks. This increase in returning Snake River sockeye salmon in combination with a significant increase in the number of PIT-tagged juveniles (over 64,000 annually) beginning in 2009 provides an opportunity to measure basic passage metrics within the hydrosystem comparable to those previously documented for Chinook salmon and steelhead. For example, in 2010, 40 unique PIT-tagged Snake River sockeye salmon were detected in the fishways at Bonneville Dam and 30 were detected at Lower Granite Dam. At this writing, 471 unique adult Snake River sockeye salmon have been detected at Bonneville Dam for the 2011 return.  

Table 2 Estimates of average adult salmon and steelhead mortality (wild and hatchery origin fish combined) based on fish detected (via PIT tags) at Bonneville Dam and later at the uppermost (for the species detected) federal dam (2002 to 2007) that were known to migrate in-river or to have been transported as juveniles. These estimates have been adjusted to account for estimated harvest and straying rates of adults within the FCRPS migration corridor, but otherwise capture all other sources of mortality manifested within the identified reaches, including those resulting from the existence and operation of the FCRPS, unquantifiable levels of mortality from other potential sources (e.g., unreported or delayed mortality caused by fisheries, marine mammal predator attacks, etc.), and unquantifiable levels of “natural” mortality (i.e. levels of mortality in the migratory corridor that would have occurred “naturally” without human influence). Shaded cells denote ESUs that required estimates be made using other ESUs as surrogates. (See SCA, Adult Survival Estimates Appendix for details regarding the calculations used in this analysis.)

	ESU/DPS
	Estimated Mortality In-river Adults1
	
	Estimated Mortality Transported Adults1
	
	Reach
	Notes

	
	Average
	Range
	Average
	Range
	
	

	SR fall Chinook salmon
	19.0%
	1.4-41.2%
	25.1%
	5.3-37.6%
	BON to LGR (7 dams)
	

	SR spr-sum Chinook salmon2
	9.0%
	2.1-18.4%
	15.9%
	12.0-26.3%
	BON to LGR (7 dams)
	

	SR sockeye salmon3
	18.9%
	16.8-20.9%
	Unk
	Unk
	BON to LGR (7 dams)
	Estimate using surrogates3

	SR steelhead4
	9.9%
	6.2-14.4%
	16.7%
	10.2-21.8%
	BON to LGR (7 dams)
	Excludes 2007 data (adult returns incomplete at time of 2008 BiOp)

	UCR spr Chinook salmon**
	9.9%
	3.9-13.9%
	NA
	NA
	BON to MCN (3 dams)
	

	UCR steelhead
	15.5%
	9.3-22.4%
	NA
	NA
	BON to MCN (3 dams)
	Excludes 2007 data (adult returns incomplete at time of 2008 BiOp)

	MCR steelhead4,5
1 dam
2 dams
3 dams
	

1.5%
3.0%
4.4%
	

0.9-2.2%
1.8-4.4%
2.3-6.5%
	NA
	NA
	BON to TDA, JDA, MCN, or tributaries above MCN
	Populations enter Columbia River in different mainstem reservoirs.



1 Generally calculated as 1 – Adjusted Survival Estimates (estimates of harvest and “natural” stray rates are removed) for the pertinent reach (see SCA, Adult Survival Estimates Appendix for details).
2 These estimates do not include the estimated 8.5% of spring run Chinook salmon and 21.8% of winter run steelhead populations killed by marine mammals downstream of Bonneville Dam (see Marine Mammal Appendix) – which is covered by this ITS.
3 The estimated mortality of SR sockeye is estimated by expanding ‘06-‘07 PIT tagged Okanogan River and Lake
Wenatchee sockeye survival estimates from the Bonneville to McNary Dam reach (3 dams) to a Bonneville to
Lower Granite Dam reach (7 dams). There are no available estimates of adult passage survival for transported sockeye salmon, however, it is reasonable that transported SR sockeye might exhibit higher mortalities similar to those differentials observed for SR spring/summer Chinook (6.9%) and SR steelhead (6.8%).
4 Because some adults steelhead over-winter and migrate to their natal spawning areas during the early spring, 2007 adult return data for steelhead are not included in this analysis.
5 Uses SR steelhead as a surrogate estimate (the average per project survival estimate ^ Nth power) – where N corresponds to the number of dams upstream of Bonneville passed during the migration - estimate of survival from Bonneville Dam to the natal tributaries of these fish entering within the lower Columbia River reservoirs.
6 Uses SR fall-run Chinook salmon as a surrogate estimate (the average per project survival estimate is used as a conservative estimate of survival from Bonneville Dam to the natal tributaries of these fish entering within the Bonneville reservoir).
7 Uses SR spring-run Chinook salmon estimates as a surrogate estimate (the average per project survival estimate is used as a conservative estimate of survival from Bonneville Dam to the natal tributaries of these fish entering within the Bonneville reservoir).



 (
Sawtooth Valley
)[image: ]Figure 2.  Study area including the lower Snake River upstream to the Sawtooth Valley, upper Salmon River.  




Figure 3.  Adult sockeye salmon counted at Ice Harbor and Lower Granite dams over time. (Source: http://www.cbr.washington.edu/dart/adultpass.html).

Although escapement has increased for Snake River sockeye salmon, data is needed to evaluate the effect of temperature on passage success, particularly for differentials within the fishway at Lower Granite Dam as has been observed for Chinook salmon (Peery et al. 2003; Caudill et al. 2006).  New spill patterns intended to eliminate delays in the tailrace of Little Goose Dam also need to be evaluated for Chinook and sockeye salmon.  
The percent of adult sockeye salmon that successfully migrate from Lower Granite Dam to spawning areas in the Sawtooth Valley have ranged widely from 9 to 86%, typically from 50% to 75%.  During 2008, 2009 and 2010, 72%, 68% and 61%, respectively, of adult sockeye salmon counted at Lower Granite Dam were collected at the Sawtooth Hatchery and Red Fish Lake Creek weirs. In 2000, a study in which 29 adult sockeye salmon migrants were monitored using raiotelemetry to investigate the potential sources of loss upstream from Lower Granite Dam was conducted (Keefer et al. 2008a).  The primary conclusion of that study was that sockeye salmon that migrated later in the season, more likely to be exposed to warm (> 20˚C) water temperatures, experienced the highest en route mortality or straying behavior into non-natal tributaries.  This conclusion agrees with a similar study for upper Columbia River sockeye salmon (Naughton et al.  2005) and Fraser River sockeye salmon (although there early migrants were exposed to warmer water temperatures and experienced lower survival; Cooke et al. 2004; English et al. 2005).  Managers have discussed collecting adult sockeye salmon and transporting them to the Sawtooth Valley and hatcheries to increase numbers of spawners for natural production and broodstock for the hatchery program.  The 2008 NOAA Biological Opinion (RPA 42) and 2010 Supplemental FCRPS Biological Opinion recommended studying the feasibility of transporting adult sockeye salmon from Lower Granite Dam to the Sawtooth Valley and a pilot study was initiated for 2010 (M. Peterson, IDFG, pers. comm.).  If shown to be effective, the intent would be to use transportation when conditions reach levels likely to impair 
in-river migration success.  For 2012, we propose to use radiotelemetry to augment what we learned during the 2000 study.  Our goal is to identify what conditions affect migration success to inform managers in order to determine when transportation would produce a net benefit to this population.  Specifically, we propose to evaluate the relationship between timing, fish condition, river environment, and migration success in the river reaches upstream from Lower Granite Dam. This effort would be conducted in concert with a separate study being conducted NOAA Fisheries to evaluate sockeye salmon smolts migrating downstream to Lower Granite Dam which will provide equipment and cost savings to this study.    

A. Objectives 
1.  Estimate survival probability, passage metrics and pathways of adult Snake River spring/summer and fall Chinook salmon tagged at Ice Harbor through the tailwaters, ladders, and forebays of:
A. Little Goose Dam to elucidate delay mechanisms attributable to the new spill pattern for juvenile salmonid passage and eroded conditions in the entrances and collection channels of SSE and NSE; 
and,
B. Lower Granite Dam using active or temperature logging transmitters to elucidate delay and stress mechanisms attributable to spill operation for juvenile salmonid passage and/or water temperature differentials between ladder entrances and ladder exit.
2. Analysis of existing PIT-tag detection information to estimate conversion or survival between each FCRPS dam for adult sockeye, spring/summer and fall Chinook salmon, and steelhead from 2008, 2009, 2010, and 2011 to determine if passage survival is meeting or exceeding the adult conversion/survival performance standard established in the 2008 FCRPS BiOp. 
3. Estimate the survival probability of adult Snake River sockeye salmon migrating in-river from tagging at the Lower Granite Dam trap to terminal fate upstream within the Sawtooth Basin.
4. Utilize Objective 2 analyses and ladder count passage metrics to resolve why adult counts during certain years have increased (conversion >100%) between each lower Snake River dam as adults pass upriver, and if these trends are related to overwintering adults for certain ESU/DPSs and multiple counting of fish that have fallen back after passage and re-ascension, resulting in skewing conversion rate estimates.

B.   Methods

Objective 1.  Estimate survival probability, passage metrics and pathways of adult Snake River spring/summer and fall Chinook salmon tagged at Ice Harbor through the tailwaters, ladders, and forebays of Little Goose and Lower Granite dams.

For 2012, we propose to use a combination of passive integrated transponder (PIT) and radio[footnoteRef:4] telemetry to evaluate the success and behavior of adult Snake River Chinook salmon migrating through the lower Snake River dams with a focus on Little Goose and Lower Granite dams.  Chinook salmon study animals would collected at the Ice Harbor Dam adult trap, outfitted with radio telemetry and temperature archival tags and monitored using an array of fixed-site receivers as they migrate upstream passed Lower Monumental, Little Goose and Lower Granite dams to evaluate effects of water temperatures and spill operations on passage.  Target groups would be spring and summer Chinook salmon to evaluate spill pattern and entrance use and late summer and fall Chinook salmon to evaluate temperature effects.  PIT tag detections for Chinook and sockeye salmon at Bonneville, McNary, Ice Harbor and Lower Granite dams will allow estimations of migration success and correlations with river (water temperature) and operational (spill) conditions through the lower Columbia and Snake rivers. We also propose to outfit a subsample of sockeye salmon at Lower Granite dam with radio transmitters and archival temperature recording tags to document exposures upriver of the lower Snake River hydrosystem (see Objective 3).   [4: 4There have also been discussions on use of JSATS acoustic telemetry for portions or the whole of this evaluation.  Use of this option will depend on availability of equipment and final decision on the objective(s) to be funded in 2012.] 


Sample size—Determining the appropriate sample size for a study of this nature must balance a sufficient sample size to produce valid scientific inferences with the need to minimize handling individuals from a severely diminished population.  A general rule of thumb is to use a minimum of 100 fish for each group of fish you wish to evaluate so that no single fish represents more than 1% of your sample.  In this instance, our interest is to accurately describe passage behavior for fish exposed to conditions at Lower Monumental, Little Goose and Lower Granite dams to minimize adult passage delays and to compare fish that are and are not successful in migrating to the Sawtooth basin (Objective 3), which suggests an ideal sample size of at least 200 fish to provide sufficient data to perform usable regression and ANOVA analyses.  With the current upswing in adult returns (approximately 1,000 to 2,000 fish to Lower Granite Dam for past two years) this would represent about 10 to 20% of the population.  During 2000, we tagged 31 adult sockeye salmon, which represented a little more than 10% of the run for that year, a rate judged acceptable by managers and partners.  Using a similar sampling rate in 2012 would yield approximately 200 radio-tagged individuals from a run of about 2,000 returning adults.  We feel a sample of 200 sockeye salmon to be sufficient to produce solid inferences on patterns related to migration success, particularly since data from 2000 indicated that the sockeye salmon behavior in the study area was relatively consistent among individuals (i.e. there were few outliers).   
Comparable sample sizes would be required to adequately evaluate passage conditions for Chinook salmon for the proposed objectives.  Temperature conditions have the greatest potential to influence summer and fall-run Chinook salmon in the lower Snake River (Figure 4).  Spill at Little Goose Dam occurs primarily during the spring and summer Chinook salmon runs (Figure 5).  We recommend a sample size of 300 spring and summer Chinook salmon (combined for analyses) and 200 fall Chinook salmon. Because a relatively high proportion of salmon are harvested in the lower river, it will be most expedient to collect these study animals at Ice Harbor Dam.  Fewer fish will be needed to be tagged and it will allow us to better target study conditions of interest.  For example, we would target to tag about half the spring/summer Chinook salmon group before water temperatures reach about 16°C and the rest after this to assure that fish were exposed to the range of water temperature conditions that occur in the system.  The latter group would be collect concurrent with sockeye salmon run in the lower Snake River.  We would start collecting fall Chinook salmon as soon as water temperatures allow safe handling of fish after the summer peak. 

At both Ice Harbor Dam and Lower Granite Dam, fish will be tagged as they are available, but as in 2000, we will attempt to sample a constant number of fish per day during the run rather than sampling proportional to the run to assure that the widest range of river conditions are sampled.  Sampling will also need to consider other actions, such as the transport feasibility study, and anticipate that collections will halt at some point during the run when water temperatures exceed the allowable levels to handle fish.

Collection and tagging—Adult salmon used for this study would be collected using the adult fish traps at Ice Harbor (Columbia River rkm 538) and Lower Granite (rkm 695) dams. At Lower Granite Dam, fish will be diverted to the anesthetic tank.  Once anesthetized, we will measure length, weight, lipid level, record injuries and marks, a small section of caudal tail will be taken for genetic analysis and a radio transmitter (16 mm x 45 mm, approximately 16 g in air) will be inserted to the stomach through the mouth.  Half of the sample will receive a transmitter containing an integrated temperature sensor that will store the fish’s body temperature at 10 minute intervals.  Tagged fish will then be transferred to a recovery pen from which they can volitionally return to the fishway and resume their upstream migration.


[image: ]
Figure 4.  Water temperature differential (Delta T) and water temperature at top of transition pool (Exit temperature) at time of passage for radio-tagged Chinook salmon and steelhead at Lower Granite Dam during 2000-2003.  Source; Caudill et al. (2006).  







Figure 5.  Ten year average adult Chinook salmon, steelhead and spill at Little Goose Dam, 2001 to 2010. Source: DART (http://www.cbr.washington.edu/dart/adultpass.html).
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Figure 6. Photograph of Ice Harbor Trap in operation as seen from above.  Trap operating is facing the viewing section of the trap.  Small holding pen is shown at the top of figure.  Source: Lee (2005).  


At Ice Harbor Dam, the fish trap is located near the top of the south-shore fishway (Lee 2005).  When deployed, pickets guide fish into a viewing area from where they can be manually diverted to holding pens (Figure 6).  Once the desired number of fish have been collected, the holding pens are lifted by crane and the fish are transferred to an aerated tank.  Individual fish are then moved to an anesthetic tank using a rubber dip net.  Anesthetized fish are tagged as described above with the addition that a PIT tag is inserted to the pelvic girdle using a hypodermic needle if one is not already present.  Tagged fish are placed into the transport tank and will be allowed to recover before release approximately one km upstream of the dam.  The trap is raised out of the water when not in use.  
Telemetry monitoring—Radio-tagged salmon will be monitored as they migrate upstream through the lower Snake River using a network of fixed-receiver sites.  The focus for this objective will be Little Goose and Lower Granite dams but additional sites will be located in the tailraces and tops of ladders at McNary, Ice Harbor and Lower Monumental dams to track the progression of fish as they move upstream.  At Little Goose and Lower Granite dams, receivers and antennas will also be used to monitor all fishway entrances, transition pools and fishway exits.  In addition, telemetry sites will be added to the tailrace at Little Goose Dam to better define the behavior of fish as they encounter to spill discharge and attempt to locate fishway entrances, particularly inside and along the powerhouse collection channel and north shore entrance.  Telemetry coverage upstream of Lower Granite Dam is described in Objective 3.  Receivers will be downloaded at regular intervals and telemetry records will be loaded to an indexed database to be used for developing migration histories and for statistical analyses.

1a. Estimate survival probability, passage metrics and pathways of adult Snake River spring/summer Chinook salmon tagged at Ice Harbor through the tailwater, ladder, and forebay of Little Goose Dam to elucidate delay mechanisms attributable to the new spill pattern for juvenile salmonid passage and eroded conditions in the entrances and collection channels of the SSE and NSE.  

In 2007, use of a bulk spill intended to be used with TSW was associated with reduced numbers of salmon counted at Little Goose Dam.  In 2008, a blocked treatment study was conducted to compare tailrace flow conditions and fish behavior among bulk, an alternate bulk and uniform spill patterns (Jepson et al. 2009).  Results of that test confirmed that bulk spill was more likely to form back eddy currents along the north and south shores than uniform spill and that these conditions correlated with poor passage performance by Chinook salmon.  In 2009, a TSW was installed in spillbay 1 but when operated appeared to delay passage for spring Chinook and sockeye salmon.  The TSW was subsequently closed and a uniform spill pattern was applied which resulted in an increase in adult migrants counted passing the dam.  For 2011, a physical model exercise defined a new spill pattern for use with the TSW designed to facilitate adult passage hydraulics while not compromising juvenile passage efficiency. The new pattern appeared effective in minimizing adult passage delay except for periods when spill was increased during periods of high flow (up to 200 kcfs) in the Snake River. 
In 2012, the new spill pattern will be applied to improve juvenile egress while minimizing delays to adult salmonids in the tailrace of Little Goose Dam.  Operations include operating turbine unit 1 to approximately the upper 25% of the 1% of best efficiency range (about 16-17.5 kcfs) to ensure a strong current along the south shore to counter the eddy that forms when the TSW is in operation.  Adult salmon passage behavior associated with spill operations using a Removable Spillway Weir (RSW) at Lower Monumental and Lower Granite Dams will also be evaluated.
Using passage time metrics described below for Objective 1b, we propose to evaluate general passage behavior and success for radio-tagged adult Chinook salmon at Little Goose and Lower Granite dams under prevailing spill conditions.  Specifically, we will use telemetry records to describe paths fish use as they enter tailraces, encounter spill plumes/eddies, approach fishway entrances along north and south shores and behavior of fish once inside fishways at the dams.  Proportional use of fishways to pass dams relative to spill conditions will be compared to previously collected data for Chinook salmon and steelhead.  We will relate time for fish to locate (approach) and enter fishways, the proportion of fish that enter and pass fishways on their first attempt, and overall dam passage times relative to tailrace conditions using multivariate regression and time-to-event analyses.  Along with spill pattern, spill level (kcfs), and percent spill we will also include river discharge, water temperature, time of day, and time of year as independent variables in the regression and time-to-event analysis.  Results from the telemetry monitoring and regression modeling for salmon will be compared to that for Chinook salmon with the uniform spill which was associated with the best passage performance in 2008 (Jepson et al. 2009).    

1b. Estimate survival probability, passage metrics and pathways of adult Snake River fall Chinook salmon tagged at Ice Harbor through the tailwater, ladder, and forebay of Evaluate effects of water temperatures and temperature differentials in fishways on passage behavior, success and survival for Chinook salmon, with emphasis at Lower Granite Dam.

The primary purpose for this objective is to relate fish behavior to temperature conditions, particularly to temperature gradients that may form in fishways at lower Snake River dams.  Caudill et al. (2006) reported that differences in temperatures in fishways (typically between bottoms of ladders and tops of the transition pool) and correlations between Chinook salmon passage times were greatest at Lower Granite Dam due to thermal layering that occurred in the Lower Granite pool and forebay.  Using radiotelemetry, we propose to relate passage times for salmon to tailrace water temperatures and temperature differentials in fishways at the time fish first encounter fishway entrances.  
Data Analyses.—Telemetry records will be used to calculate the following passage times:
- Reach travel times (top of ladder to upstream tailrace), Ice Harbor to Lower Granite.
- Total dam passage time (tailrace to top of ladder) Ice Harbor to Lower Granite.
- Dam segment times at Little Goose and Lower Granite dams (other dams can be added):
	- Time from ladder exit at downstream dam to reach tailrace,
	- Time to approach fishways (tailrace to fishway entrance),
- Time to enter fishways,
- Time from entrance to reach base of transition pool (i.e. collection channels),
- Time to transit transition pool, and
- Time to ascend ladder (transition pool to top of ladder).
We will also classify the proportion of fish that complete these passage segments on their first attempt relative to temperature conditions.  Hourly water temperatures will be collected using a series of thermographs placed in fishways at locations comparable to those used previously (See USACE 2004) and from USACE-operated water quality monitoring stations located throughout the hydrosystem (DART: http://www.cbr.washington.edu/dart/river.html).  Temperature differentials will be calculated from the difference in water temperatures at the base and top of transition pools as this is where water from forebay mixes with water pumped from the tailrace.  Temperature differentials at the time radio-tagged fish first reach the base of fishways will be classified as < 1° C, 1-2° C, or > 2° C.
In the previous study (Caudill et al. 2006), log-transformed mean passage times were compared among the three temperature differential classes using analysis of variance (ANOVA).  For consistency, we will repeat these analyses and compare results.  Given that salmon swim speed is affected by temperature, we will also conduct an analysis of covariance (ANCOVA) using absolute water temperature at time of ladder entrance as the covariate.  Because we are dealing with relatively small samples (200 or fewer fish likely) across a range of temperature conditions, we will also use a Monte Carlo analysis in which temperature categories are randomly reassigned to study fish 1,000 times and the averaged outcomes will be reanalyzed as described above and the results compared to the outcome of the observed data.  

Objective 2.  Analysis of existing PIT-tag detection information to estimate conversion or survival between each FCRPS dam for adult sockeye, spring/summer and fall Chinook salmon, and steelhead from 2008, 2009, 2010, and 2011 to determine if passage survival is meeting or exceeding the adult conversion/survival performance standard established in the 2008 FCRPS BiOp. 

Conversion rates for PIT tagged adult salmon and steelhead are used to estimate survival of ESA designated ESUs during their upstream migration through the FCRPS.  We propose to use existing PIT tag detection records at Bonneville, McNary, Ice Harbor, Lower Granite and Priest Rapids dams for 2008 through 2011 calculate conversion rates for Snake River and upper Columbia River spring/summer Chinook, fall Chinook, sockeye salmon and steelhead stocks.  Calculations will be consistent with methods used by NOAA Fisheries and reported in the FCRPS Biop and supplemental Biop (see Background section and Table 1 above).  
The 2008 NOAA Fisheries’ Biological Opinion for the FCRPS did not include adult performance standards for Snake River sockeye salmon because adequate data has not been available.  In 1997, 577 adult sockeye salmon were tracked through the lower Columbia River using radiotelemetry (Naughton et al. 2005).  A primary finding from that work was that water temperatures had a significant influence on migration success.  None of the fish with transmitters tracked in 1997 entered the Snake River.  The increased number of Snake River sockeye salmon recently returning to the Columbia River with PIT tags provides a unique opportunity to address some basic passage questions for sockeye salmon.  In 2011, over 500 Snake River sockeye salmon with PIT tags have been detected at Bonneville Dam. PIT-tagged migrants can be detected at Bonneville, McNary, Priest Rapids Ice Harbor, and Lower Granite dams.  We propose to use these detection points to evaluate adult sockeye salmon migration though the hydrosystem using information from the 2011 and 2012 runs (numbers of PIT tags released were insufficient to analyze for previous years).  Primary variables of interest will be reach survival and passage times.  We propose to use regression analyses to relate survival and passage times to river conditions, primarily discharge and water temperature.  

Objective 3.  Estimate the survival probability of adult Snake River sockeye salmon migrating in-river from tagging at the Lower Granite Dam trap to terminal fate upstream within the Sawtooth basin
Adult sockeye salmon outfitted with radio transmitters as described above will be monitored as they pass Lower Granite Dam and continue their migration to the Sawtooth basin.  The primary goal of this portion of the project will be to determine migration success and identify factors associated with escapement to the Sawtooth basin upstream of Lower Granite Dam.   
Telemetry monitoring—Radio-tagged sockeye salmon will be monitored as they migrate upstream using a network of fixed-receiver sites (Figure 7).  Most receiver sites will be established for a separate study to evaluate juvenile sockeye salmon smolts downstream migration.  Nineteen sites are located at the Sawtooth Hatchery weir, at major tributary 
Figure 7.  Map of study area showing migratory path from release at Lower Granite Dam in blue, fixed-site radio telemetry monitoring locations (black dots ), and location of Sawtooth Hatchery and Redfish Lake.


intersections along the Salmon River and at Lower Granite Dam.  For the adult sockeye salmon study we will also establish sites at the mouths of the Clearwater and Grande Ronde rivers.  These tributary sites will be used to determine if salmon are straying into non-natal tributaries.  We will also have the option to perform mobile tracking surveys by truck to locate fish in areas between fixed receiver sites and in tributary streams.  Data will be downloaded from receivers to computers at fixed intervals and loaded to an indexed database that will collate tag, detection, mobile track, and recapture records.  Migration histories will be used to determine behavior (including fallback) at Lower Granite Dam, migration rates by river reach and identify last known locations and timing of fish.  River reaches will include Lower Granite reservoir, Snake River to mouth of the Salmon River, Snake River upstream from the Salmon River, lower Salmon River up to Little Salmon River, and the remaining Salmon River reaches delineated by the Middle, South, North and East Forks.  

Behavior and migration histories will be statistically related to fish condition and river condition variables using similar methods as described in Keefer et al. (2008a). Tags will be retrieved from fish that return to weirs and traps in the Sawtooth Valley to allow recovery of archived temperature information.  Since these fish will be those that successfully reach spawning areas, this information will provide a description of river conditions within range of tolerance for adult sockeye salmon migrants.  Temperatures experienced by unsuccessful migrants will be inferred from telemetry records and water temperature monitoring.  Flow data will be provided from gauge stations operated by the Corps at Lower Granite Dam and by USGS in the Snake and Salmon rivers.  Water temperatures in the Snake and Salmon rivers will be from a network of thermal recorders operated by researchers from U.S. Forest Service (USFS), NOAA Fisheries, and at gauge stations (Figure 8).  Any key locations not covered by these ongoing efforts will be identified and monitored for this project using HOBO temperature recording stations or the like.
Data analysis—Data collected for this evaluation include biological and environmental variables we believe most likely to be related to sockeye salmon migration delays and loss.  Biological variables are primarily related to fish condition and include fish length, weight, lipid level, presence of injuries and group of origin (determined from PIT or genetic identification).  Environmental factors include water temperatures fish are exposed to, fish body temperature, flow, and timing of their migration.  Statistical analyses for this study will be similar to those used for the 2000 study.  Correlation and multiple regression analyses will be used to examine associations between passage rates (rkm/day) and migration success (yes/no) through each reach with biological (fish size, condition) and environmental conditions (water and fish body temperatures and flow) encountered at the time of reach entry. Among-group differences in median migration rates (e.g., between successful and unsuccessful migrants, males and females) will be compared using Kruskal–Wallis tests for passage through each reach. Mean environmental conditions encountered by successful and unsuccessful fish will be compared using separate t-tests, although we note that likely correlations among environmental variables will limit our ability to infer causal mechanisms (e.g., Naughton et al. 2005).  Associations between migration success and fish characteristics (e.g., length, sex, and injury) will be tested using either t-tests or Pearson’s Chi-square tests.  

Objective 4.  Utilize Objective 2 analyses and ladder count passage metrics to resolve why adult counts during certain years have increased (conversion >100%) between each lower Snake River dam as adults pass upriver, and if these trends are related to overwintering steelhead adults for certain ESU/DPSs and multiple counting of fish that have fallen back after passage and re-ascension, resulting in skewing conversion rate estimates.
  
PIT-tag records for returning adult salmon and steelhead are available from 2002 at McNary Dam and from 2003 at Ice Harbor and Lower Granite dams.  Data from some level monitoring radio-tagged adults exist from 1996 through 2008, except 1999, although sample sizes for the latter years are small.  Most information is available for spring and summer Chinook salmon with fewer years for steelhead and fall Chinook salmon.  Although this information has been analyzed and reported on, including analyses of potential effects of fallback on count bias (Boggs et al. 2004) and overwintering behavior for steelhead (Keefer et al. 2008b).  We propose to make a meta-analysis of the available PIT and telemetry information from the Snake River.  We will primarily be looking for patterns in fish movements that would potential lead to count bias and correlate those to archived count data to provide the most likely sources for, and degree of, count bias.    


[image: ]Figure 8.  Temperature monitoring stations proposed for use in 2011.  Source: D. Issak, RMRS USFS.


D.  Facilities and Equipment 
Salmon would be collected and tagged at Ice Harbor and Lower Granite dams.  Receiver sites and antennas will need to be installed at most of the Snake River dams.  Most receiver sites required upstream from Lower Granite Dam are in place and available from a separately funded project to evaluate the downstream migration of Snake River sockeye salmon smolts.  Additional receiver sites may need to be installed at or near tributary streams of the Snake River such as Clearwater and Grande Ronde rivers, etc.  Receivers will be supplied by NOAA Fisheries electronics shop.  Transmitters would be ordered directly from the manufacturer by the COE. We will work with the transmitter manufacturer to make sure the specifications of transmitters, namely dimensions, tag life and temperature archival features, match study requirements.  Other equipment necessary for the proposed work, trucks, computers, and the like, will be provided to the project by researchers on a rental basis.   

E.  Impacts of study on Corps projects and other activities
Division or District Corps personnel will be needed to provide technical review of research proposed for 2012.
Assistance from project personnel will be required as follows:
1. Provide access to the Adult Fish Facility at Lower Granite Dam to collect and tag adult Chinook and sockeye salmon. 
2. Provide access to Ice Harbor fishway trap, including locating mobile crane on powerhouse to operate trap to collect adult Chinook and sockeye salmon for tagging.
3. Provide access to fishway and tailrace areas of Ice Harbor, Lower Monumental, Little Goose, and Lower Granite dams to install, maintain and regularly download receiver sites.  
4. Provide power to operate fishway receiver sites at and near Ice Harbor, Lower Monumental, Little Goose, and Lower Granite dams.  

F.  Biological Effects
Adult salmon to be used for the proposed project will be anesthetized for approximately 8 to 11 minutes and then released to the return channel from which they will volitionally exit to the fishway once recovered at Lower Granite Dam.  At Ice Harbor Dam, study animals will be held for several hours prior to, during, and following tagging, and then released approximately one km upstream from the dam.  NOAA Fisheries and USFWS biologist have extensive experience operating the trapping facility, handling and radio-tagging adult salmon.       

G.  Key Personnel
Project planning, administration, work plan preparation, protocols, permits, data analysis, reporting:
Project leaders, C. Peery, and G. Axel

Fish collection and tagging operations:
1. D. Ogden (NOAA) and C. Peery (USFWS)

Telemetry systems:
Bruce Jonasson (NOAA Electronics Engineer), NOAA Electronics Shop

Downloading receivers and data transfer:
Bruce Jonasson (NOAA Electronics Engineer), NOAA Technicians, 
S. Bradbury (USFWS)

Database maintenance:
B. Burke (NOAA)

H. Technology Transfer
	Information and analyses from this study will be provided regularly to managers via reports and verbal presentations.  Information that is appropriate will be published in technical journals.  Special efforts will be made to provide information for managers as needed. 
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Temperature differential C
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