FY 2007-2009 F&W Program Project Solicitation

Section 10. Narrative

Project ID:  200725800
Title: Development of reliable ESU-specific estimates of escapement, harvest, and straying for adult anadromous salmonids migrating through the Federal Columbia River Power System.
A. Abstract 
Though accurate estimates of escapement for adult anadromous salmonids in large multi-stock river systems are difficult to obtain, such estimates have been identified by the Northwest Power and Conservation Council (NWPCC), the Independent Science Advisory Board (ISAB) and in the National Oceanographic and Atmospheric Administration’s (NOAA) Biological Opinion as critical for the management of existing stocks and for re-establishing suppressed or locally extinct populations.  We propose to use a comprehensive telemetry monitoring system in conjunction with radio-tagging of wild returning adult salmon and steelhead of both known (PIT tagged as juveniles) and unknown origins to obtain timely annual stock, inter and post-dam reach and tributary specific escapement, harvest, and unknown loss estimates for ESA-listed wild salmon and steelhead in the Columbia River basin.  Information collected from the proposed efforts will be used for State, Federal, and Tribal biologists charged with recovery efforts and by fisheries managers responsible for setting and monitoring take of ESA-listed salmon stocks.  
B. Technical and/or scientific background
Accurate estimates of escapement for adult anadromous salmonids in large multi-stock river systems are difficult to obtain.  However, ensuring adequate escapement of wild adult salmon and steelhead to natal spawning areas is critical for managing existing stocks and for re-establishing suppressed or locally extinct populations.  Within the Columbia and Snake River systems, quantitative data on stock-specific adult escapement rates are conspicuously missing, and understanding the management and environmental factors that affect individual stock escapement is a critical information gap in the recovery effort.  Adult escapement to spawning areas in the Columbia River basin is impacted by several factors including harvest, inter-basin straying, environmental conditions and ‘natural’ and Hydrosystem-related mortalities.  The Independent Science Advisory Board (ISAB) has expressed concern that the total mortality (from all sources) of Columbia River wild salmonids does not exceed the productive capacities of natural spawning populations and that without data on stock specific escapement rates there is little information on which to make or assess management decisions (ISAB 2005). The ISAB has also noted that while harvest management is only one factor in the conservation and sustainability of naturally produced salmon and steelhead populations, it is frequently considered a first management option because it is likely to have the most immediate effect on spawning escapement (ISAB 2005). 

Historically, salmon run size and in-river survival and escapement through the Federal Columbia River Power System (FCRPS) have been calculated using passage counts at mainstem hydroelectric dams.  However, this method has several limitations and sources of error such as commercial, tribal, and illegal harvest, estimation of tributary turn-off, use of definitive cut-off dates for run timing (Dauble and Mueller 2000), count error caused by fallback at dams (Boggs et al. 2004a; Naughton et al. 2005), and pre-spawn mortality (e.g., Gilhousen 1990; Cooke et al. 2004; Pinson et al.2005).  For example, between 1996 and 2001 researchers estimated that fallback at mainstem dams caused positive biases in fishway counts, ranging from 1-16% for spring–summer chinook salmon, 1-38% for fall chinook salmon and 1-12% for steelhead (Boggs et al. 2004a).  Further, survival and escapement estimates generated from fishway counts are not typically separated into hatchery-origin and wild stocks nor are wild stocks separated into demographically independent spawning groups or production units.  Error and lack of precision associated with estimates of in-river survival of adult salmonids influence management strategies, hydrosystem operations, and the natural resource policies that guide them.  A better understanding of escapement and survival of wild salmon and steelhead is imperative for the recovery planning process required to restore populations listed under the Endangered Species Act (ISAB 2005). 

In recent years, there has been an effort to provide managers with more precise dam-to-dam and hydrosystem wide escapement estimates.  Naughton et al. (2005) described dam-to-dam and full-migration escapement for adult sockeye salmon, while Keefer et al. (2005a) described reach specific escapement, harvest and unknown loss rates of nearly 16,000 radio-tagged adult Chinook salmon and steelhead within the FCRPS.  Between 1996 and 2002, mean annual escapement rates from Bonneville Dam to spawning grounds, hatcheries or the upper bounds of the monitored Hydrosystem averaged 73.4% for spring-summer Chinook, 61.3% for fall Chinook, and 62.6% for steelhead.  The estimate was 68.9% for sockeye salmon.  Mean reported harvest rates (from a tag recapture-reward program) were 8.7% for spring-summer Chinook, 22.0% for fall Chinook and 15.1% for steelhead within the mainstem hydrosystem and 5.9%, 3.4%, and 5.7%, respectively, in the lower Hydrosystem tributaries.  On average, 12%-17% of each run had unknown fates within the Hydrosystem.  Using a slightly different approach based on mark-and-recapture (MR) analyses, Jepson et al. (2005) used representative sampling of the run at large to develop basin-wide run composition, run timing, harvest and terminal escapement estimates for Columbia River fall Chinook salmon.  
The Keefer et al. (2005a) Hydrosystem escapement study largely focused on the runs at large.  However, from 2000-2002, the study used the automated system that identified fish with PIT tags as they passed through the adult fish facility at Bonneville Dam.  PIT tags indicated where fish were tagged as juveniles (known-source fish) and by diverting and radio-tagging these fish, some stock-specific harvest, escapement and unknown loss estimates were calculated.  Known-source fish in the study were from the Wind, John Day, Yakima, Snake and Upper Columbia (above Priest Rapids Dam) River basins.  The largest samples were of fish from mixed-stock juvenile tagging efforts at Lower Granite Dam and from upper Columbia River basin hatcheries; sub-basin origins were generally unknown.  The Keefer et al. (2005a) analyses indicated escapement indices for spring-summer and fall Chinook salmon and steelhead varied significantly between species, between and within annual runs and between some sub-basin populations.  In addition, mainstem harvest rates, especially in the lower Columbia River reservoirs, differed between stocks and possibly indicated unacceptably high take of some ESA-listed populations.  

More recently, interrogations for passive integrated transponder (PIT) tags have been suggested as means to estimate system escapement levels.  Installation of PIT tag detectors in the fishways of Bonneville, McNary, Ice Harbor, Lower Granite, and three upper Columbia River dams has enhanced the ability to passively monitor adult salmonid returns and inter-dam escapement within the FCRPS.  The Comparative Survival Study (CSS) (e.g., Berggren et al. 2005) is a multi-year program to estimate survival rates of Snake River Chinook salmon and steelhead through multiple life stages and to evaluate the effect of transporting smolts through the hydrosystem on smolt to adult ratios (SARs).  Hatchery study stocks consisted of smolts from Rapid River, Dworshak and McCall hatcheries and from smolts released from Catherine Creek and Imnaha River acclimation pond; wild cohorts were collected and tagged in subbasin tributaries and at smolt traps located on the mainstem Clearwater, Snake, Grande Ronde, Salmon and Imnaha Rivers.  The CSS reported that inter-dam dropout rates (a combination of harvest, straying and mortality) for PIT-tagged returning adults from the 2001-2003 smolt outmigration were higher between Bonneville and McNary dams than between Ice Harbor and Lower Granite dams, likely due to higher harvest efforts in the lower Columbia River.  Dropout rates within the Bonneville-McNary inter-dam reach for 2- and 3-salt Chinook salmon ranged from 13.7 to 24.2% for hatchery-origin and 5.1 to 15.6% for wild Chinook salmon.  Dropout rates from Ice Harbor to Lower Granite Dam were 1.7 to 3.0% for hatchery-origin and from 0 to 6.3% for wild Chinook salmon (Berggren et al. 2005).  However, PIT-detection data suffers from several of the same weaknesses of count data, namely, lack of comparable harvest and straying information to allow partition of loss, errors associated from fallback events.  In addition, PIT-information is only available for groups of fish  PIT-tagged in high numbers as juveniles one to three years previously (primarily of hatchery origin) and PIT monitoring systems are currently not sufficiently able to determine escapement to tributary spawning rivers within and upstream from the FCRPS, critical for evaluating delayed mortality effects.  

Intra-basin straying is an area of uncertainty in escapement estimation in the Columbia River basin.  While straying is an essential feature of anadromous salmonid metapopulations (Cooper and Mangel 1999), the combination of hydroelectric development, juvenile transportation, proliferation of hatchery stocks and depressed wild populations has increased the potential for negative impacts of straying to occur.  Hence, documentation of straying rates has been deemed necessary to reliably evaluate Biological Opinion survival goals for ESA-listed populations (National Oceanographic and Atmospheric Administration [NOAA] 2000).  Keefer et al. (2005b) used complete migration histories of more than 3,000 radio-tagged adult salmon and steelhead of known origin to estimate inter-basin straying rates within the Columbia River basin during 2000-2003.  When years and stocks were combined, unadjusted straying rates were 2.2% for spring-summer Chinook salmon, 4.2% for fall Chinook salmon and 6.8% for steelhead.  Analyses also indicated that juvenile transportation increased the likelihood of straying by Snake River spring-summer Chinook and both transportation and artificial rearing increased the likelihood of straying by steelhead.  The apparent influence of juvenile transportation on increased straying is likely related to interruptions in sequential imprinting during outmigration (Quinn et al. 1989) and has been linked to increased straying rates among Columbia River sockeye and Chinook salmon (Mundy et al. 1994; Bugert et al 1997; Chapman et al. 1997) and coho salmon (Solazzi et al. 1991). 

Given the precipitous decline in many Pacific salmonid stocks throughout their range in recent decades (National Research Council 1996; Lichatowich 1999; McClure et al. 2003; Good et al. 2005), there has been impetus to develop new management approaches for exploited fish populations.  One approach that has now been embodied in several international agreements concerning exploited fish stocks is the precautionary approach (UN 1995, FAO 1996) which has also been advocated by the ISAB as a management option for ESA-listed Columbia River basin salmon and steelhead stocks (ISAB 2005).  As a general principle, the precautionary approach states that ‘the absence of adequate scientific information should not be used as a reason for postponing or failing to take appropriate management or conservation measures’ (Potter et al. 2002).  In terms of management of exploited fish stocks, this has led to the setting of quantitative biological reference points to ensure that total mortalities of a fish stock do not exceed those that provide the maximum sustained yield (Richards and Maguire 1998).  These reference points must therefore take into account annual fluctuations in run size, run timing, harvest levels, and changes in production due to stochastic natural events.

As many stakeholders have noted, there is a lack of stock-specific escapement rates for salmon and steelhead migrating through the FCRPS (Brannon et al. 2004; ISAB 2005; Evenson and Talbot 2003).  When reasonable estimates of adult escapement levels for individual production units do not exist we have no basis for setting harvest goals that ensure adult escapement levels that exceed those necessary for the growth of individual populations.  Here, we propose to use proven methodology and study design to provide managers and policy-makers with the best available estimates of inter-dam reach escapement, full FCRPS escapement, harvest levels, and unknown loss of ESA-listed salmon and steelhead stocks in the Columbia River basin.

C. Rationale and significance to regional programs
The primary objective of this proposed project is to provide managers with timely annual stock, inter-dam reach and tributary specific escapement, harvest, straying, and unknown loss estimates for ESA-listed wild salmon and steelhead in the Columbia River basin.  These goals closely mirror strategies and objectives outlined in NWPPC 2000 Fish and Wildlife Program and the NWP Mainstem Amendments as also fill critical data gaps listed in the ISAB Harvest Management Review.

The 2000 Fish and Wildlife Program (FWP) states that:

“each sub-basin plan and hatchery management plan must state the likelihood that adequate numbers of adults will remain or return to the sub-basin to assure reproductive success and meet sub-basin goals for the next generation.”

The Council also recommended the following practices in harvest management:

“Manage harvest to ensure the risk of imprecision and error in predicted run size does not threaten the survival and recovery of naturally spawning populations”
“Monitor inriver and ocean fisheries and routinely estimate stock composition and stock specific abundance, escapement, catch and age distribution.  Expand monitoring programs as necessary to reduce critical uncertainties.  Manage data so that it can be easily integrated and readily available in real-time.”
“Manage harvest consistent with protection and recovery of naturally spawning populations.” 
“Harvest rates should be based on population-specific adult escapement objectives designed to  protect and recover naturally spawning populations.”

The NWPCC 2003 Mainstem Amendments state:

“Consistent with the biological objectives and overarching strategies, all actions to provide or improve juvenile and adult fish passage through mainstem dams should emphasize adult survivals as a high priority.”

“the Council…will give priority to the funding of research that more accurately measures the effect of improved inriver migration compared to transportation and the comparative rate of adult returns to the spawning grounds of transported and inriver migrants.”
The 2005 ISAB Harvest Management Review notes that:

“uncertainties exist regarding stock-composition and stock-specific abundance, escapement, catch and age distribution of resident and anadromous fish.”
“Directed and incidental harvest of Columbia River Basin salmon has occurred in the absence of definitive knowledge of harvest impacts on the abundances and viabilities of the majority of the individual native spawning populations.”

All of these statements apply directly to the objectives of this proposed research.  There is currently no stock specific monitoring of harvest within the mixed-stock fisheries of the mainstem Columbia River and conversion rates and escapement estimates generated from PIT tag detections contain considerable documented error and cannot provide managers with escapement and harvest information once returning adult salmon have passed through the hydrosystem.  Additionally, many wild populations are under-represented in PIT tagging effort and little or no information exists on escapements by such groups.  
This proposed research will provide resolution on these stock specific escapement and harvest rates as well as provide a comprehensive basin-wide telemetry network that has historically been used by other researchers to monitor lamprey, bull trout, steelhead kelt and sturgeon behaviors.  
D. Relationships to other projects
Historically, this project has benefited a great number of fisheries recovery and management projects throughout the Columbia and Snake River basins.  We have provided telemetry information regarding bull trout and sturgeon movements and run timing and distribution of salmon stocks to state and Federal agencies such as Idaho Department of Fish and Game and the Oregon and Washington Departments of Fish and Wildlife, National Marine Fisheries Service, Bureau of Reclamation, and U.S. Fish and Wildlife Service.  We have provided the Columbia River Intertribal Fisheries Commission with telemetry data on radio-tagged kelt out-migrations, aided the U.S. Fish and Wildlife Service with radio tracking of endangered Snake River fall Chinook and provided the Technical Advisory Committee with salmon harvest information.  Data regarding fall Chinook escapement provided to the Pacific Salmon Commission (PSC) has been particularly helpful for their international treaty monitoring program.  The PSC has offered a verbal commitment to partial fund future work associated with continued development of fall Chinook salmon escapement estimates.  U.S. Army Corps of Engineers, who formerly funded this work, has offered the use of approximately 170 telemetry receivers with associated antennas and power supply for use in this study as well as access to the trap facility at Bonneville Dam for collection and tagging efforts associated with this work.  This monitoring system is currently in place and would be available for the proposed 2007-2009 research with little investment.
Research conducted during the 2007-2009 migration seasons would continue to complement the numerous related projects in the Columbia River basin.  As in the past, data generated from this telemetry study would be made available to all interested parties.

Radio telemetry monitoring of fish in this proposed work would also be utilized for BPA Proposal 200714400.  Federal, State, and University permits to handle test animals will be obtained by the University of Idaho prior to initiation of proposed studies.  
E. Project history (for ongoing projects) 
This is a new project proposal.  Initial years of effort (mid 1990’s) associated with dam-passage evaluations for adult salmonids were partially funded through BPA.  
F. Proposal biological objectives, work elements, and methods
Objective 1.
Monitor stock-specific, inter-dam reach and tributary specific escapement, harvest and unknown loss of ESA-listed wild Chinook salmon and steelhead.
Task 1a: Fish Trapping 

Wild adult steelhead and spring/summer, and fall Chinook salmon will be trapped at Bonneville Dam (river kilometer 235) in the adult fish facility (AFF) adjacent to the Washington-shore fish ladder as they migrate upstream in the Columbia River.  Each day fish are tagged, a weir will be lowered into the ladder to divert fish into the AFF via a short secondary ladder.  Once inside the facility, fish will either be diverted into anesthetic tanks for tagging or returned to the main ladder without handling.  Fish will be tagged throughout each run in approximate proportion to long-term average counts at Bonneville Dam.  
Task 1b: Tagging and Sampling Effort
Protocols for fish trapping, handling, intragastric insertion of radio transmitters, and fish recovery will be the same in all years and are described in Keefer et al. (2004a), except that fish without fin clips will be targeted rather than the runs at large to increase chance of targeting wild salmon and steelhead.  We will attempt to incorporate PIT-tagged fish (referred to here as “known-source” fish because their natal sites are known) as a sub-sample of the radio-tagged fish, which will facilitate making stock-specific harvest, escapement, and unaccounted-for loss estimates.  We will use the automated system (McCutcheon et al. 1994) that identifies fish PIT tags as they pass through the AFF trap.  Only approved groups of PIT-tagged fish will be available for radio-tagging and we will coordinate with other agencies to assure the greatest possible numbers of these fish are available for the radio-tagging effort.  We will attempt to radio tag as many unmarked known-source fish as possible within the 2007-2009 tagging schedules (See Appendix A for a full summary of known-source tagging effort from 2000-2003).  However, some hatchery-origin fish may be tagged as PIT-tagging efforts from many basins have only included hatchery stocks and, although extrapolating from hatchery to wild fish can be problematic, these hatchery groups are the best surrogates for wild fish from many basins.  Fish without PIT tags (“unknown-source”) will make up the remainders of each daily sample; as a backup marker and means to evaluate radio tag loss, we will PIT tag unknown-source fish.  All unknown source fish will have a small tissue sample taken for genetic analysis and stock assignment (see Task 1e for details).  After tagging and recovery from anesthesia, all radio-tagged fish will be released about 9.5 km downstream from Bonneville Dam at sites on both sides of the Columbia River.
From past experience we know the minimum sample size needed to produce reliable escapements estimates to be 600 – 800 fish per group for release at Bonneville Dam.  Sample sizes of fish to be tagged for this work is determined by the minimum number of fish needed to pass through the system and return to the separate sub-basins to provide reliable escapement estimators.  Typically minimum recaptures should be 10 or more fish per population (Ricker 1975).  Based on past results we have observed on distribution of fish tagged at Bonneville Dam (Table 1), we propose to tag 800 each from the spring-summer Chinook salmon and steelhead runs each year.  The number of fish tagged each 
Table 1.  Estimated numbers of adult spring–summer Chinook salmon and steelhead, by major drainage1, that would be collected and radio-tagged at Bonneville Dam with sample sizes of 500, 750, and 1000 unknown-origin fish (i.e. fish without juvenile PIT tags).  Estimates are based on average numbers of wild and hatchery unknown-origin migrants from previous studies that successfully returned to spawning tributaries (Chinook salmon: 1996-1998, 2000; steelhead: 1996-1997, 2000-2003).  

	
	Spring-Summer Chinook
	Steelhead

	Drainage
	n=500
	n=750
	n=1000
	n=500
	n=750
	n=1000

	Wind 
	39
	59
	78
	4
	6
	8

	L. White Salmon
	24
	36
	48
	-
	-
	-

	White Salmon
	4
	6
	8
	6
	9
	12

	Hood
	3
	5
	6
	5
	8
	10

	Klickitat
	12
	17
	22
	14
	21
	28

	Deschutes
	39
	58
	78
	35
	52
	69

	John Day
	14
	20
	27
	18
	26
	36

	Umatilla
	6
	9
	12
	4
	6
	8

	Yakima
	19
	29
	38
	3
	5
	6

	
	
	
	
	
	
	

	Tucannon
	2
	3
	4
	3
	5
	6

	Clearwater
	32
	47
	63
	72
	108
	144

	Grande Ronde
	4
	6
	8
	16
	24
	32

	Salmon
	54
	80
	107
	52
	77
	103

	Imnaha
	5
	8
	10
	2
	3
	4

	Snake above LGr2
	-
	-
	-
	28
	42
	56

	
	
	
	
	
	
	

	Upper Columbia
	55
	83
	110
	17
	25
	34


1 Finer sub-basin resolution available for Upper Columbia, Clearwater, and Salmon, basins; many additional fish can also be assigned to a lower Snake River mixed stock. 

2 Not calculated for Chinook salmon in previous study 

day will be proportional to run to provide representative sampling.  We anticipate transmitters will be provided by other entities, (e.g. Pacific Salmon Commission) to allow monitoring of fall Chinook salmon, providing cost sharing for that group.  In past years of tagging, we have been quite successful in recapturing radio-tags at hatcheries, weirs and in fisheries which can then be used in another study fish.  We estimate approximately 25% of the 650 new tags purchased for this proposed research would be recaptured and available for reuse, allowing us to sample up to 800 fish per group each year.  
Task 1c: Telemetry Monitoring 
Radio-tagged fish will be monitored with an extensive array of aerial and underwater antennas at Columbia and Snake River dams and tributaries (for example, Appendix B).  Dam passage will continuously monitored at the four lower Columbia River dams and Priest Rapids Dam as well as at the four lower Snake River dams.  Fixed aerial antennas will be repaired or re-installed as needed in all major Columbia River tributaries between Bonneville and Priest Rapids Dams.  Aerial antennas will also monitor primary and secondary Snake River tributaries upstream from Lower Granite Dam.  Data from fixed aerial and underwater antennas will also supplemented with data collected while surveying segments of the basin from boats or trucks mounted with receivers and aerial antennas.  More complete descriptions of antenna types and locations are included in Keefer et al. (2002).  
Work described here takes advantage of existing radio telemetry technologies.  There are efforts by some groups within the Columbia River system to transition to use of acoustic techniques for fish monitoring and research.  The University of Idaho has several years of experience using acoustic telemetry to track movements of both juvenile and adult salmonids, lamprey and sturgeon.  We would be able to modify the existing telemetry array to acoustic technologies for this project if the need arose (and resources were available) by the 2007-2009 work period.  

Task 1d: Analysis and database development and dissemination

Data will be downloaded from radio receivers semi-weekly to weekly and electronically transferred to the NOAA Fisheries office in Seattle, WA for initial processing.  Each file will be loaded into an Oracle database and run through initial screens that remove obvious errors and records produced from electronic background noise.  The screened data will then be transferred to the University of Idaho for coding.


Coding involves inspecting all records for each fish at a given dam and assigning a code to appropriate records that defined a specific behavior for that fish (e.g. first passage of the tailrace receiver, entrance or exit from a fishway).  The University of Idaho has developed an automated program to interpret behaviors/records at dams using Visual Basic.NET (Version 7.0). We review records that are assigned a code by the automated program for appropriateness and accuracy.  We then assemble the final database by inserting records from tributary receivers, records from mobile tracking by boat and truck, and records of fish that were recaptured at weirs, hatcheries, or in fisheries.  These data are then used to identify and summarize complete migration histories of radiotagged fish.  These databases will be used for all objectives listed in this proposal.
The Oracle database resides on a high-end Linux server and is backed up daily.  We will make all data collected during this project available to the public after necessary error-proofing.  To provide access to the largest audience, we will post the data on a publicly available web site (http://rtagweb.nwfsc.noaa.gov/home/index.cfm).  The site uses ColdFusion as a front-end, which allows the data to remain in the Oracle database and be queried directly.  In addition, we provide several pre-written queries and summaries of the data for ease of use and a thorough explanation of codes and other information necessary to interpret the data.  Contact information is also provided for more detailed data requests.
Task 1e:  Assignment of fish stock to “unknown-source” radio-tagged fish
Tissue samples taken from radio-tagged fish of unknown origin will be analyzed using genetics techniques described by Kalinowski (2003): genetic mixture analysis (GMA) for proportional assignment, and individual allocation to determine stock-of-origin.  These analyses have two components, the construction of the baseline and the analysis of the unknown mixtures.  The baseline construction has been completed for all Columbia River Basin ESUs and is already being used for management (see Lundrigan et al. 2004).  The “mixture” in our study will be the group of fish we radiotag that do not already have a PIT tag; these fish are from different populations in different proportions.  By comparing the multilocus genotypes in the mixture samples to the gene frequencies of the reference populations, it is possible to use standard mixed fishery methods to estimate the likely proportional contribution from each of the baseline populations or ESUs (Kalinowski 2003).  This method will also permit assignment of individual fish to their putative stock-of-origin (albeit with lower accuracy than proportional estimation).  Tissue analysis and GMA will be run under contract with a genetics lab in the Conservation Biology Division of NOAA Fisheries.  Application of these methods will reduce uncertainty regarding harvest impacts on unknown-source radio-tagged fish and increase the sample size, and therefore precision, of stray rate, harvest and escapement analyses.

Task 1f: Calculation of escapement, harvest, and unknown-loss rates

Final fish distributions and fates will be assessed from the combination of telemetry records from fixed sites, mobile tracking efforts in tributaries and reservoirs, and transmitter returns from hatcheries, fish traps, and spawning ground surveys conducted by cooperating agencies.  Transmitters will also be returned from commercial, sport, and tribal fisheries through a reward program.  Standard reward values printed on all transmitters will be US$25 in all study years.  PIT-tag detectors installed in fishways at Lower Granite and other dams will provide additional passage data for fish that may have regurgitated transmitters, though regurgitation rates have been low historically (Keefer et al. 2004).  

In our previous system-wide adult escapement estimates, we restricted analysis to survival past either Lower Granite or Priest Rapids dams (i.e., through the monitored FCRPS).  For that analysis, fates for radio-tagged fish would be arranged into six basic categories: fish that either 1) passed the upstream extent of the FCRPS study area (Lower Granite or Priest Rapids dams), 2) were reported harvested in a mainstem fishery, 3) entered a mainstem tributary (or the Hanford Reach spawning grounds for fall Chinook salmon), 4) were reported harvested in a tributary fishery, 5) entered a hatchery or trap, or 6) had unknown fate within the FCRPS (Table 2).  These indices are differentiated by their increasingly stringent criteria defining success and differ largely in the handling of harvest (e.g. Table 2).  We will be able to modify our previous escapement estimation methods to accommodate the needs of the NWPCC, for example calculating escapement to sub-basin spawning reaches in addition to escapement through the FCRPS.
Annual fate summaries will be used to estimate escapement values for the entire hydrosystem, for specific river segments containing an individual dam and reservoir complex (dam-to-dam reach), and to sub-basin populations for each species and run-year and for subsets of the tagged fish based on release site, release dates, and known-source groups.  Individual reaches within the FCRPS will be bounded by the tops of dam fishways.  For example, the Bonneville-The Dalles reach starts when fish exit the top of a Bonneville Dam fishway and ends with an exit from the top of a fishway at The Dalles Dam.  Tributary and sub-basin escapement will be determined using tag detections at receivers located at the mouths of major tributaries and by mobile tracking by boat and truck of accessible reaches (described in Keefer et al. 2005a).
Managers use escapement indices for multiple purposes and within different jurisdictions (e.g., for tributary versus mainstem fisheries), so we will calculate three system-wide estimate rates with progressively less stringent criteria for defining successful escapement.  Escapement 1 (Esc1) will be the most basic and most stringent measure and best match the traditional definition of the term in which all fish harvested from mainstem or tributary sites and all fish with unknown fates did not escape (Table 2).  Escapement 2 (Esc2) will treat fish harvested in hydrosystem tributaries as successful, but mainstem-harvested fish as unsuccessful, and will therefore be a measure of total escapement to tributaries.  Escapement 3 (Esc3) will treat all harvested fish as successful (i.e., mortality was not associated with hydrosystem operations), and only fish with unknown fates within the hydrosystem will be considered unsuccessful.  Esc3 eliminates variability associated with harvest and is therefore a good measure of underlying between-year, between-run, and between-stock differences in escapement.  Esc3 also approximates potential escapement through the monitored hydrosystem in the absence of fisheries.  
Table 2.  Notation to be used in escapement calculations. 
	Entered reach i
	Ei
	

	Passed1 reach i
	Pi
	

	
	
	Fish was last recorded:

	
	
	within reach i
	downstream from reach i

	Mainstem fishery
	
	MFi
	MFd

	Tributary
	
	Ti
	Td

	Tributary fishery
	
	TFi
	TFd

	Hatchery/trap
	
	Hi
	Hd

	Unknown fate
	
	Ui
	Ud

	
	
	
	

	Escapement 1
	Esc1
	= (Pi + Ti + Td + Hi + Hd)•(Ei)-1 

	Escapement 2
	Esc2
	= (Pi + Ti + Td + Hi + Hd + TFi + TFd)•(Ei)-1

	Escapement 3
	Esc3
	= (Pi + Ti + Td + Hi + Hd + TFi + TFd + MFi + MFd)•(Ei)-1


1 Subsequent downstream movement ignored 
Because there is interest among managers in hydrosystem-wide escapement estimates that include the area at and downstream from Bonneville Dam, we will also calculate Esc3 estimates for known-source groups starting at the time of release downstream from the dam, at time of Bonneville tailrace entry, and at time of Bonneville Dam fishway approach and entry.  These estimates will compliment the overall escapement summary, but should not necessarily be used as substitutes because our monitoring efforts downstream from the dam are limited; radio transmitter loss and the very limited number of handling mortalities have also tended to occur during the time immediately following release, introducing potential bias for estimates for this section of the migration.    

We will calculate 95% profile likelihood confidence intervals (Lebreton et al. 1992) for each escapement estimate using the mark-recapture software program MARK (White and Burnham 1999).  Profile likelihood intervals are asymmetric and appropriate when parameters, like escapement, are bounded by [0,1] (Lebreton et al. 1992).  Program MARK will also be used to compare escapement estimates (Esc2 and Esc3 only – comparison of Esc1 estimates would be potentially misleading given stock distributions) for groups of tagged fish.  Null models that assume constant escapement within a run-year or across multiple years will be compared to models that assumed variable escapement through time.  Likelihood ratio tests (LRT) will be used to evaluate competing models (White and Burnham 1999) along with χ2 tests to quantify statistical differences between fish groups (e.g., based on juvenile PIT-tag site or adult release timing).  

Sub-basin Escapement Estimates Using the Chapman Modification of the Petersen Method.--We define any radio-tagged salmon/steelhead recaptured or last recorded in a specified sub-basin or river section containing known spawning areas as having escaped there.  For system-wide estimates we would use river segments bounded by Bonneville and Lower Granite or Priest Rapids dams.  For sub-basin groups, we would use the number of fish that passed the nearest downstream dam as the starting population.  For example, counts of tagged fish that passing The Dalles Dam would be used to estimate escapement to the Deschutes River.  Total annual escapement for each sub-basin group would be estimated using the Chapman Modification of the Petersen Method (CMPM) from Ricker (1975) and Seber (1982):
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                                          Eq. [1]

where E is total escapement, R is the number of tagged fish last detected (“recaptured”) within a tributary or spawning area, M is the number of tagged fish that passed the nearest downstream dam, and C is the total number of fish counted at the nearest downstream dam.  We would adjusted dam counts for fallback and re-ascension events according to Boggs et al. (2004) because these events artificially inflate counts at dams (see Objective 3).       
This analytical approach would be used for each salmonid population of interest, i.e. escapement for Hanford Reach fall Chinook salmon would incorporate these metrics from McNary Dam.  Detections and adjusted counts from Ice Harbor and Lower Granite dams would be used to estimate escapement for the Snake River sub-basin populations and escapement to sites of interest upstream from Priest Rapids Dam would be made using the adjusted counts and number of radio-tagged fish known to have passed that dam.  

Variance about the proportion of radio-tagged fish migrating to each sub-basin (
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Variance about escapement estimates would be calculated using the formula:
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Coefficients of variance about escapement estimates would be calculated using the formula:

CV(Ê) =   (
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Finally, we would estimated 95% confidence intervals about escapement estimates using the formula:

Ê + 1.96 * 
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Escapement Estimates Using a 5-day Block Design--To account for possible time-dependent fluctuations in escapement rates, we also propose to estimate system-wide escapement and for each sub-basin group using a five-day blocked design.  We typically would not use the CMPM because the estimates are biased when R < 3 in any 5-day block (Ricker 1975).  As such, we would use the Petersen Method without the Chapman modification  
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Eq. [3]

for each 5-day block (b) and then sum estimates from all 5-day blocks within a year to produce escapement estimates for each year.  We would calculated 95% confidence intervals for each 5-day block using equation 2 and summing confidence intervals from all 5-day blocks to produce confidence estimates for each year.

Composition of Harvested Fish from Sub-basin Groups—Harvest takes in mainstem fisheries are of primary interest for managing sub-basin groups, but methods described here could also be used to estimate harvest in terminal fisheries.  We would estimate the number of sub-basin specific salmon and steelhead recaptured in mainstem fisheries, the subgroup-specific proportion of the run that escaped (from run-timing analysis) and the ratio of radio-tagged salmon/steelhead recaptured in mainstem fisheries downstream from McNary Dam to radio-tagged salmon released at Bonneville Dam.  Specifically, we would use the formula: 

                                            HS = (NH / NR​) * PS * C



Eq. [4]

where HS is the number of sub-basin specific fish recaptured in mainstem fisheries, NH is the number of tagged fish harvested downstream from McNary Dam, NR is the number of tagged fish released at Bonneville Dam, PS is the subgroup-specific proportion of each 15-day block that escaped (from Run Composition Analysis), and C is the total number of fish of interest counted at Bonneville Dam adjusted for fallback and reascension events.  We would used equation 4 for each 15-day block throughout the entire run and then sum the results across blocks.

The estimated number of subgroup-specific recaptures would be added to the escapement estimates generated using the CMPM the percentage of subgroups passing Bonneville Dam that were recaptured in mainstem fisheries would be calculated (i.e., HS /(HS + E)).

Objective 2.

Evaluate straying rates for known-source salmon and steelhead and assess effects of such variables as fish origin (hatchery vs. wild for known-source fish), stock, and transport history on straying rates.
Task 2a: Stray rate calculations
True escapement estimates should incorporate an estimate of sub-basin groups that permanently stray into non-natal tributaries.  Basic stray rates will be calculated for known-source groups by dividing the number of permanently straying fish (NS) by the number of radio-tagged fish released from that population (NR) (Equation 1).  These rates potentially include fish harvested in non-natal basins, although some of these fish may have been temporary strays had harvest not occurred.  We will calculate a second stray rate that treats fish harvested in non-natal rivers (NH) as non-strays, providing estimates that should be considered minimums (Equation 2).  Combined, these two estimates will provide the potential range of the proportions of known-source fish that stray, with the full samples at Bonneville Dam as the denominator baseline.  We note, however, that this approach may underestimate straying because some fish are harvested in main stem fisheries and do not have the opportunity to stray.  This bias should decrease as fish progress upstream past the tributaries where most straying occurs.  To address this question, we will calculate some additional stray rates where fish harvested in main stem fisheries (NMH) will be censored (Equations 3).  We will run several iterations of Equation 3 to better define the sensitivity of the basic estimates to main stem harvest effects (e.g., only harvest in the Bonneville pool censored, harvest in the Bonneville and The Dalles pools censored, etc.).  Results from such sensitivity analyses will be used primarily to put the basic stray estimates in context.  Equation 4 modifies Equation 3 by treating strays harvested in tributaries (NH) as non-strays.      

Equation 1, basic stray rate:                                                                   NS / NR

Equation 2, basic stray rate with tributary harvest excluded:           (NS - NH) / NR
Equation 3, basic stray rate with main stem harvest censored:       (NS) / (NR – NMH) 

Equation 4, basic stray rate with main stem harvest censored 

                   and tributary harvest excluded:                               (NS - NH) / (NR – NMH) 

Task 2b: Modeling of straying probabilities
Logistic regression models will be used to identify influential variables that increase the probability of straying by known-source fish.  Fish that home and those that stray will be considered the two response categories in the models.  Because fish harvested in non-natal tributaries (harvested strays) may be ambiguously classified as permanent strays, separate models will be developed in which the stray category omits this group of fish.  Fish that are harvested in the lower Columbia River main stem or have unknown fate will be excluded because their straying cannot be assessed.

Categorical and continuous variables that describe the rearing and migratory history of juvenile and adult fish will be evaluated as covariates in the straying modeling analysis.  Categorical variables will include sex (based on visual estimate at time of tagging), stock (by sub-basin where sample sizes permit), origin (hatchery or wild), transport history, and adult fallback.  The transport history variable will discriminate Snake River fish that were barged from Snake River dams from fish that were not transported
The continuous variables used in the regression models will include date of radio-tagging, average daily temperature and flow recorded at Bonneville Dam on day of tagging, fish length, and the number of elapsed days between juvenile PIT-tag and adult radio-tag events.  Single-day measures of temperature and flow can not capture the environmental conditions experienced by individual fish during their protracted migration times through the lower Columbia (e.g. Keefer et al. 2004b), but temperature and flow at time of tagging should be broadly representative of the average regimes encountered by salmon and steelhead as they move through the lower river.  The number of elapsed days between outmigration and return to freshwater will be used as an index of the length of time fish spent at sea.

Model selection analysis, using the information-theoretic approach, will be used to estimate the logistic regression model that best approximates the observed straying data (Burnham and Anderson 1998).  This approach is preferred for analyzing observational data or for data that have not been collected under an experiment designed to test a priori hypotheses.  The best model will be selected from a set of likely candidate models that include a full model with all predictor variables and additional models each of which included a different subset of the predictor variables.  The relative plausibility of each model in approximating the data will be assessed using Akaike’s Information Criterion (AIC).  The validity of the selected model will also be assessed using the goodness-of-fit test developed by Hosmer and Lemeshow (1989).
Objective 3.

Provide fishway count adjustment factors that account for fallback at Lower Columbia and Lower Snake River dams.
Task 3a: Calculate fallback percentages and rates and dam reascention rates

Adult fish fallback at dams has been associated with reduced escapement for many Columbia River stocks (Keefer et al. 2005a), and is strongly associated with passage delays (Keefer et al. 2004c).  Fallbacks by radio-tagged fish will be determined exclusively from telemetry records.  To qualify as a fallback event a fish must first be recorded exiting from the top of a fishway at a dam (or be conclusively detected at a telemetry site upstream from a dam), and then be recorded at a telemetry site downstream from that dam.  Given the large number of monitoring sites and high detection efficiencies, most fallback events are easily identified.

Fallback percentage, the proportion of each run that fell back at a dam, will be calculated by dividing the number of unique radio-tagged fish that fall back at a dam by the number of unique radio-tagged fish known to have passed the dam.  Fallback rate, which includes multiple fallback events by individual fish at a dam, will be the total number of fallback events at a dam divided by the number of unique radio-tagged fish known to have passed the dam (e.g. Boggs et al. 2004a).  Reascension proportion is the proportion of unique fish that fell back at a dam that subsequently reascended the dam where the fallback occurred and were last located upstream from that dam.  

Task 3b: Calculate fishway count adjustment factors for lower Columbia and lower Snake River dams
We will estimate errors in fishway counts (e.g. USACE 2004) at Columbia and Snake River dams by calculating count adjustment factors based on passage, fallback, and reascension rates of radio-tagged fish at each dam.  Adjustment factors will be calculated by the formula:

                                     AF = (LPK + NLPK - FBUF + RUF)/ TLPK
LPK is the number of unique fish with transmitters known to have passed the dam via the fishways (assumes that unrecorded fish passed dam via fishways), NLPK is the number of unique fish with transmitters known to have passed the dam via the navigation lock (only Bonneville and McNary locks have historically been monitored), FBUF is the number of unique fish that fall back at the dam one or more times, RUF is the number of unique fish that reascend the dam and stay upstream from the dam regardless of the number of fallbacks, and TLPK is the total number of times unique fish with transmitters passed the dam via fishways (includes initial passage and all reascention).
Count adjustments are based on the assumption that radio-tagged fish are good surrogates for the remainder of each run, and are calculated by pooling data for the entire passage period at each dam.  Pooling data could bias adjustments by masking temporal variability in both fallback and reascention rates.  To address potential biases, we will calculate additional adjustments using stratified sampling methods during consecutive 5-d blocks weighted by the number of fish passing the dam during each block 

Appendix.
A.  Numbers of known-source (PIT tagged as juveniles) spring-summer and fall Chinook salmon and steelhead that were captured as adults at Bonneville Dam, outfitted with radio-tranmitters and monitored as they migrated through the FCRPS from 2000 – 2003.
	
	

	Stock
	n

	Spring–summer Chinook 
	1,588

	  All Snake R.
	776

	    Known Snake R. transport
	303

	      Lower Granite Dam
	239

	      Little Goose Dam
	49

	      Lower Monumental Dam
	15

	    No known Snake R. transport
	473

	      Lower Granite Dam
	186

	      Clearwater R.
	22

	      Grande Ronde R.
	40

	      Salmon R.
	106

	      Imnaha R.
	38

	  All upper Columbia R. 
	460

	    All Wells Hatchery
	82

	      Near Wells release
	25

	      Near Wanapum release
	20

	      Near Priest Rapids release
	31

	    All East Bank Hatchery
	133

	      Near Wells release
	25

	      Near Rocky Reach release
	46

	      Near Rock Island release
	62

	    Rocky Reach Dam
	94

	    Rock Island Dam  
	123

	    Icicle R.
	15

	  Yakima R.
	227

	  Umatilla R.
	7

	  John Day R.
	24

	  Carson Hatchery
	93

	
	

	Fall Chinook 
	166

	  All Snake R.
	121

	    Known Snake R. transport
	16

	      Lower Granite Dam
	10

	    Known Snake R. not transported
	105

	      All Lyons Ferry Hatchery
	82

	        Snake R. release
	29

	        Clearwater R. release
	50

	      Snake R. above L. Granite
	10

	  All upper Columbia R.
	26

	  Yakima R.
	12

	  Umatilla R. 
	5

	
	

	Steelhead
	1,414

	  All Snake R.
	905

	    Known Snake R. transport
	464

	      Lower Granite Dam
	166

	      Little Goose Dam
	265

	      Lower Monumental Dam
	33

	    No known Snake R. transport
	441

	      Lower Granite Dam
	275

	      Clearwater R.
	61

	      Grande Ronde R.
	23

	      Salmon R.
	31

	      Imnaha R.
	28

	  All upper Columbia R. 
	469

	    Rock Island Dam
	76

	    Rocky Reach Dam
	64

	    All Wells Hatchery
	329

	      Wells Dam tailrace release
	162

	      Wells pool release
	147

	      Okanogan R. release
	20

	  Wind R.
	4

	  Walla Walla R. (Dayton Pond)
	4

	  Umatilla R.
	22

	  Yakima R.
	10


B.  Summary of locations of fixed aerial and underwater antennas currently in place at dams, mainstem Columbia and Snake River sites, and tributaries.  Sites to be monitored will change with research priorities (i.e. spill tests at Bonneville Dam would necessitate monitoring more antennas than would be used for harvest and escapement monitoring).

	
	
	River

	Site
	Antennas1
	kilometer

	Dams2
	
	

	Bonneville Dam
	81
	~235

	The Dalles Dam
	28
	~308

	John Day Dam
	28
	~346

	McNary Dam
	39
	~470

	Ice Harbor Dam
	23
	~538

	Lower Monumental Dam
	24
	~589

	Little Goose Dam
	20
	~635

	Lower Granite Dam
	25
	~695

	Priest Rapids Dam
	3
	~639

	
	
	

	Other mainstem Columbia and Snake River sites
	
	

	Fort Rains
	1
	235

	Bridge of the Gods
	1
	239

	Stevenson boat launch
	1
	243

	Carson Depot Road
	1
	247

	Across from Depot Road
	1
	247

	Hood River Bridge boat launch
	1
	273

	Bingen Marina
	1
	276

	Mayer State Park
	1
	293

	Lone Pine
	1
	308

	Wishram
	1
	325

	Biggs Bridge
	1
	335

	John Day Dam boat launch
	2
	~345

	John Day River boat launch
	1
	351

	Pasture Point boat launch
	1
	364

	Sundale Park
	1
	382

	Roosevelt
	1
	390

	Pine Creek boat launch
	1
	401

	Alder Creek
	1
	415

	Patterson
	1
	443

	Fish Hook Park
	1
	550

	Hanford
	2
	~553

	Walker
	1
	570

	Ayers boat launch
	1
	604

	Willow Creek boat launch
	1
	659

	Asotin
	1
	762

	Heller’s Bar
	1
	792

	Doug’s Bar
	1
	838

	
	
	

	Tributaries2
	
	

	Herman Creek
	1
	243

	Wind River
	2
	~249

	Little White Salmon River
	3
	~260

	White Salmon River
	4
	~270

	Hood River
	1
	273

	Klickitat River
	1
	291

	Deschutes River
	2
	~328

	    Sherars Falls
	1
	396

	    Oak Springs
	1
	405

	John Day River 
	1
	356

	Rock Creek
	1
	370

	Umatilla River
	1
	467

	Walla Walla River
	1
	526

	Yakima River
	1
	546

	    Naches River
	1
	732

	    Roza Dam
	1
	745

	Lyons Ferry Hatchery
	1
	616

	Clearwater River
	1
	753

	    SF Clearwater River
	1
	868

	    Lochsa River
	1
	904

	    Selway River
	1
	906

	Grande Ronde River
	1
	795

	Salmon River 
	1
	826

	    Lower Salmon River
	1
	963

	    SF Salmon River
	1
	1,095

	    MF Salmon River
	1
	1,144

	    Upper Salmon River
	1
	1,204

	Imnaha River
	1
	853


1 aerial and underwater combined

2 additional sites at upper Columbia River dams and tributaries monitored by Public Utility Districts
G. Facilities and equipment 

Radio telemetry receivers required for the proposed work in Objective 1 will be provided by U. S. Army Corps of Engineers (COE) and University of Idaho Fish Ecology Research Laboratory (UI).  The COE will provide access to the fish collection facility at Bonneville Dam and to other FCRPS projects as needed to install and maintain telemetry equipment.  UI contains the necessary wet lab and analytic laboratory facilities and equipment necessary to conduct studies as outlined in the Objectives sections.  All other equipment necessary for the proposed project is available. The University of Idaho will provide the trucks, boats, computers and other sampling equipment as needed on rental basis to the project.  
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Expertise

Brian Burke is a Research Fisheries Biologist with the National Marine Fisheries Service.  His primary interests and expertise include modeling the effects of biotic and abiotic factors on fish behavior and bioenergetics.  Recent work focuses on analyses of migration behavior of adult and juvenile salmonids in the Columbia and Elwha Rivers, with particular emphasis on the effects of river flow, temperature, and the presence of hydropower dams on migration performance.  Other experience includes the design, organization, and management of several large Oracle databases, requiring extensive use of several programming languages and the creation of complex scripts and programs.  Brian’s research experience and the analytical tools he has implemented have expanded the scope and increased the data analyses for multiple research projects on adult and juvenile salmonids, sturgeon, and Pacific lamprey.
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