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a. Abstract 
The Comparative Survival Study (CSS) is starting the eighth year of a long term PIT tag study to develop smolt-to-adult survival indices for spring and summer stream type chinook and summer steelhead originating above Lower Granite Dam and in the Mid Columbia River to evaluate smolt migration mitigation measures and actions (such as flow augmentation, spill, and transportation) for the recovery of listed salmon stocks. The objective is to build a long-term data base monitoring smolt to adult return rates and passage characteristics of specific wild and hatchery groups of spring/summer Chinook, fall Chinook and steelhead throughout the Columbia River Basin.  The mark group proposals are made within the context of other mark groups planned for other research studies. Wherever possible the CSS will make use of mark groups for other research to meet CSS requirements.  The objective of developing smolt-to-adult survival indices was recommended in the PATH (Plan for Analyzing and Testing Hypotheses) process that was carried out by the regional, state, federal and tribal salmon managers with the Northwest Power Planning Council (NPPC). The PATH recommendations address the question, “can transportation of fish to below Bonneville Dam compensate for the effect of the hydro system on juvenile survival rates of the Snake River spring and summer chinook salmon during their downstream migration?” The PATH recommended research includes the following; 1) Estimate smolt-to-adult survival rate (SAR) for transported wild and hatchery stream type chinook, 2) Determine if SAR rates are significantly different from the interim SAR hydro goal, 3) Compare SARs of transported and downriver indicator stocks, 4) Estimate transport/control ratio and in-river survival concurrently over a number of years in order to span a range of environmental conditions. The interagency Comparative Survival Study (CSS) Oversight Committee was established to design, plan, and oversee the conduct and analysis of the multi-agency CSS. 

b. Technical and/or scientific background

This project incorporates the long term PIT tag marking and recovery of groups of wild and hatchery spring/summer chinook juveniles and steelhead.  Hatchery chinook groups are from Imnaha, Catherine Creek, McCall, Rapid River, Dworshak, Leavenworth, Winthrop, and Carson facilities.  Hatchery steelhead groups are from Dworshak, Pahsimeroi, Wells, and East Bank facilities.  Wild chinook and steelhead are from tributary tagging programs in the Snake River basin.  These PIT tag groups will be an important component of the regional Smolt Monitoring Program.  The interagency CSS Oversight Committee will analyze recovery of tag data in returning adults.  These analyses will result in smolt-to-adult survival estimates, comparison of wild and hatchery chinook SARs, evaluation of the transportation program and comparison of upriver and downriver SARs.  These analyses will address key Action Items in the 2000 FCRPS Biological Opinion.  In particular, Action Items 45, 46, 47, 51, and 185 are addressed through the CSS’s estimation of SARs for transported and in-river migrating smolts, ratios of the transport SARs to the in-river SARs (T/I ratios), and delayed mortality (D) levels.  Action Items 187, 188, and 189 are addressed through the comparisons of CSC’s PIT tagged smolts in the Snake River basin and lower Columbia River basin.


The project was developed through the regional PATH process, and is intended to address the question, “ can transportation of fish to below Bonneville Dam compensate for the effect of the hydrosystem on juvenile survival rates of Snake River spring and summer chinook salmon during their downstream migration?”   The study design was developed by the Comparative Survival Study Oversight Committee.  The committee includes representatives of the Washington Department of Fish and Wildlife, the Oregon Department of Fish and Wildlife, the Idaho Department of Fish and Wildlife, the Columbia River Intertribal Fish Commission and a representative of the Fish Passage Center.   The study design has been reviewed by the Northwest Power Planning Council (NPPC) and Independent Scientific Advisory Board (ISAB) for 1997 and for 1998.  The ISAB approved the study proposal and design in both reviews.  

c. Rationale and significance to Regional Programs
This study is intended to begin to provide the basis for the Mainstem Monitoring and Evaluation (M&E) Program’s analysis of long term alternatives for recovery of depressed listed and unlisted stocks of chinook and steelhead.  The Region has committed to utilization of the Mainstem M&E Program in assessing alternative future recovery options.  It will also provide downstream migration information for the regional Smolt Monitoring Program.  This study will provide specific information, which will provide the basis for long-term mitigation decisions in the region, specifically the role of the smolt transportation program in recovery.  The CSS directly addresses the questions of transportation versus in-river migration found in the 2000 FCRPS Biological Opinion’s Action Items 45, 46, 47, 51, and 185, as well as the questions of upriver versus downriver stocks survivals in Action Items 187, 188, and 189.  Indirectly, the CSS will provide SAR data for use in the hatchery evaluations of Action Item 184.  Components of RPA 1242 are also addressed in the CSS’s evaluation of in-river versus transport survival from Lower Granite Dam to Bonneville Dam tailrace for use in the D calculations.  Other PIT tag mark groups from other studies and projects will be included in this analysis where possible.  The project reflects the reviews by the NPPC and ISAB. 

NMFS Biological Opinion RPA’s

The CSS proposal addresses actions required for implementation Biological Opinion RPA’s:  9.6.5.3.4 Hatchery Effectiveness Monitoring;  9.6.5.3.5 Hydroelectric Project and Reservoir Passage Monitoring and Critical Uncertainties; 9.6.5.3.5.1 Juvenile Monitoring and Evaluation; 9.7.1.1 Analysis of Effects, Juvenile Salmonid Passage;  9.7.1.2 Analysis of Effects, Adult Salmonid Passage ; 10.5.1.1 Evaluate Reach Survivals; 10.5.1.2 Monitor Smolt-to-Adult Returns; 10.5.1.3 Monitor Post-transport and Post-bypass Delayed Mortality; 10.5.1.4 Monitoring Juvenile Fish Passage at Dams.

d. Relationships to other projects 
This study is intended to begin to provide the basis for the Mainstem M&E Program’s analysis of long term alternatives for recovery of depressed listed and unlisted stocks of chinook and steelhead.  The Region has committed to utilization of the Mainstem M&E Program in assessing alternative future recovery options.  It will also provide downstream migration information for the regional Smolt Monitoring Program.  This study will provide specific information, which will provide the basis for long-term mitigation decisions in the region, specifically the role of the smolt transportation program in recovery.   Other PIT tag mark groups from other studies and projects will be included in this analysis where possible. The CSS long-term proposal is to maintain consistent and continuous mark groups throughout the Columbia River Basin. Every effort is made to avoid duplication of mark groups with other studies and gain the maximum efficiency from mark groups from other research studies. The actual mark proposals for CSS will be dependent on year-to-year coordination with other research studies.  The CSS PIT tagging goals have been coordinated with the NMFS’s ongoing transportation evaluation studies, which are funded under a Corps of Engineers contract, in order to utilize marked smolts in multiple studies wherever possible.  Therefore, the CSS will not be proposing any PIT tagging of hatchery chinook at Leavenworth and Winthrop hatcheries in 2003 or later as long as NMFS is PIT tagging large numbers of hatchery chinook, well in excess of the 50,000 fish tagging goal of the CSS at each hatchery, at these hatcheries.  In addition, the CSS’s plan to PIT tag 100,000 hatchery steelhead in the Mid-Columbia River basin.  These steelhead will also be available for use by NMFS in their McNary Dam transportation evaluation study, thus allowing those researchers to tag only an additional 350,000 hatchery steelhead in the Mid-Columbia River basin to meet their goal of a total of 450,000 PIT tagged hatchery steelhead tagged.  NMFS is also scheduled to PIT tag subyearling chinook at McNary Dam for evaluation of transportation at that site and PIT tag subyearling chinook at Lyons Ferry Hatchery for release at acclimation ponds in the Snake River basin for transportation evaluations at Snake River dams.  Following completion of these NMFS studies, the CSS plans to propose a base level of PIT tagging in both the Snake River and Mid-Columbia River basins for monitoring the SAR’s of subyearling chinook transported and migrating in-river each year.  The CSS project reflects the reviews by the NPPC’s Independent Scientific Advisory Board, who acknowledged the need for SAR’s  to be compute on steelhead and subyearling chinook in future years.

e. Project history 


The project began in 1996 and has had extensive regional review. The study is a coordinated regional effort under the auspices of a regional oversight committee and is closely tied to the goals of the Mainstem Monitoring and Evaluation Program.  Originally this study was conducted under two separate Bonneville Power Administration (BPA) project numbers #8712700 and #9602000.  Based on the ISAB 1997 review and recommendations, the CSS study in now consolidated into one project number #96-020-00.  Thus far, seven years of juvenile marking have been completed.  Adult returns from migration years 1996 to 1999 have been analyzed in two Project Status Reports completed in 2001 and 2002. 

f. Proposal objectives, tasks and methods
OBJECTIVES:

1. Develop a long-term index of transport survival rate (smolt-to-adult) to inriver survival rate (smolt-to-adult) for Snake River wild and hatchery spring/ summer chinook and summer steelhead smolts.

2. For Snake River Basin hatcheries, develop a long-term index of survival rates from release of smolts at hatcheries to return of adults to  hatcheries. 

3. Compute and compare overall smolt-to-adult survival rates for selected Snake River Basin and Mid-Columbia River Basin (termed upriver) and Lower Columbia River (termed downriver) spring chinook hatcheries.

4. Begin a time series of smolt-to-adult survival rates for use in the regional long-term Mainstem Monitoring and Evaluation Program, which is under development.

5. Evaluate the growth patterns of transported and inriver migrating smolts and of upriver and downriver stocks.  Analyses in the early years of the CSS of scale data reveled that the growth rate patters of transported and inriver migrating smolts were indistinguishable.  Objective 5 has been dropped  and no scale samples will be taken in subsequent years.  This is due the extra handling of adult fish required to obtain scale samples and the lack of useful information gathered from the analyses of these scale samples.

In future years, following NMFS completion of the subyearling fall chinook transportation analyses, the monitoring of SARs of in-river migrating and transported subyearling chinook will be added to objectives 1, 2 and 4 of the CSS.

Objectives with tasks

1. Develop a long-term index of transport survival rate (smolt-to-adult) to inriver survival rate (smolt-to-adult) for Snake River hatchery spring/summer chinook smolts.  In 2002, wild chinook from the Snake River Basin were added to this task.  In 2003, wild and hatchery steelhead are being added also.

a. Compute annual ratio of transport survival rate to inriver survival rate.

b. Test if the annual ratio of transport survival rate to inriver survival rate (measured at LGR w/associated confidence interval) is significantly greater than 1.5.

c. Evaluate if inriver controls obtained from fish PIT tagged at the hatcheries have higher smolt-to-adult survival rates to LGR than inriver controls from migrating fish that were collected, handled, and PIT tagged at LGR.

2. For Snake River basin hatcheries, develop a long-term index of survival rates from release of smolts at hatcheries to return of adults to hatcheries.


a. Partition survival rates (i) from hatchery (smolts) to Lower Granite Dam (smolts), (ii) from Lower Granite Dam (smolts) back to Lower Granite Dam (adults), and (iii) from Lower Granite Dam (adults) to the hatchery (adults).

b. For the Snake River hatcheries, compute the annual survival rate of smolts transported at Lower Granite Dam to adult returns to the hatcheries.

c. For the Snake River hatcheries, compute the annual survival rate of smolts migrating inriver to adult returns to the hatcheries.

d. Explore the feasibility of increasing mark sizes to improve precision in the annual ratio of transport survival rate to inriver survival rate [Task 1(a)] measured back to the hatchery.

3. Compute and compare overall smolt-to-adult survival rates for selected upriver and downriver spring and summer chinook hatcheries.

a. Compute annual hatchery survival rates (adjusted for terminal harvest rates) using both CWT and PIT tags for selected upriver and downriver hatchery stocks.  Compare survival rates of CWT and PIT tag estimates.  

b. Compute an annual ratio of downriver hatchery survival rate to upriver hatchery survival rate (all measured at the hatcheries and adjusted for terminal harvest) with associated confidence interval.

c. Test if the annual ratio of downriver hatchery survival rate to upriver hatchery survival rate (all measured at the hatcheries) is significantly greater than 2.

d. Test individually the annual ratio of downriver hatchery survival rate to upriver hatcheries transported smolts survival rate is significantly greater than 2.

e. Explore the feasibility of developing lower river wild index stocks (e.g., Warm Springs, John Day, and Klickitat rivers) to measure smolt-to-adult survival rates.

4. Begin a time series of smolt-to-adult survival rates for use in the regional long-term Mainstem Monitoring and Evaluation Program, which is under development.

METHODS:

Program study groups of fish
One major objective of the Comparative Survival Study was to compute and compare overall smolt-to-adult survival rates for smolts transported through the hydro system versus smolts left to migrate inriver through the hydro system.  In recent years, the general hydro system operation was to transport all smolts collected at LGR, LGS, and LMN throughout the spring and summer seasons, and at McNary only in the summer season.  As future studies of transportation are initiated at McNary Dam, the CSS would plan to increase PIT tag release numbers to accommodate the additional transport quotas at that site.  Since the tagged study groups are supposed to represent their non-tagged counterparts, how the PIT tagged fish pass through the hydro system must mimic that of the non-tagged fish.  For example, only first-time detected smolts at a dam may be considered for transportation since non-tagged smolts are nearly always transported when they are first detected at a Snake River dam.  We define transportation at LGR, LGS, LMN, and MCN in terms of LGR equivalents, because we are in effect making our allocation into transportation at each dam from the starting number of fish at Lower Granite.  Smolts “destined” for transportation at LGR, LMN, and MCN include those fish transported and those fish dying enroute to be transported (see text box below).
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Therefore, an estimated survival component is needed to convert actual transport numbers at LGS, LMN, and MCN into their LGR starting number (LGR equivalent).

The PIT tagged smolts that pass the Snake River dams undetected and remain inriver below LMN, the last transportation site in the spring season, are the group of interest for reflecting the inriver migration.  These tagged smolts most closely mimic their non-tagged counterparts.  This group’s starting number is also computed in LGR equivalents, and so requires estimated survival parameters.  The last group of interest is fish that are detected at one or more Snake River dams and remain inriver below LMN.  These fish are important because of the need to estimate survival components.  Although these fish do not mimic the general untagged population, they are of interest with regards to possible effects of passing through Snake River dam bypass systems on subsequent survival.  The approach to estimating the numbers of smolts in each category will be presented later. 

Smolt in-river survival estimation
In-river survival rates are computed using the similar methods for both wild and hatchery chinook; however, the estimation of the number of PIT tag smolts starting out at Lower Granite Dam differs.  In-river survival estimates are calculated from the hatchery release sites for yearling chinook from CSS hatcheries in the Snake River basin, and from Lower Granite Dam for wild yearling chinook.  Below Lower Granite Dam, survival estimates are computed downstream between each set of dams with PIT tag detectors to the tailrace of JDA, whenever possible.  Survival estimates for the complex of three reservoirs and dams to the tailrace of LMN are the primary estimates needed when estimating the number of smolts in various study categories.  Survival estimates through the furthest downstream detection site are needed in the “D” computations.  The CJS (Cormack 1964; Jolly 1965; and Seber 1965) methodology is used to obtain point estimates of survival with corresponding standard errors for each reach.  In the past the   program MARK (White and Burnham 1999) was used to obtain the survival estimates.  However, since a bootstrap resampling approach will be used in the future for obtaining the point estimates, confidence intervals, ratios of SAR’s and D values, the formulae for estimating the in-river survival components will be entered directly into the computer program being designed to perform the bootstrap resampling approach.  


The method for estimating in-river survival for wild smolts is very similar to the method used for estimating survival for hatchery fish.  One difference is that S1 is not estimated for the wild group because wild smolts are marked at several locations above LGR reservoir.  Too few smolts are released from each site to allow direct estimation of survival to LGR tailrace for each release site.  Also, a pooled group from all release sites would exhibit too much overdispersion among groups to provide an accurate survival estimate.  For hatchery fish, S1 is used to estimate the number of smolts arriving at LGR, but because this was not possible for wild smolts we used a different method to estimate this number for wild PIT tagged smolts.  It is based on assessing the proportion of the LGS detection that was previously detected at LGR several days prior after adjusting for any removals at LGR. 

Along with multiple release sites, wild smolts are tagged and released at multiple dates throughout the migration season in contrast to hatchery releases that generally occurs in a single release.  Because we are estimating annual SAR, T/I and ‘D’ values we must calculate an annual reach survival estimate based on the reach survival estimates from several wild release cohorts.  Generally we used a weekly release of cohorts to estimate survival with the minimum number of 500 released smolts detected at LGR to define the release period to minimize the variance associated with small sample sizes.  However, near the end of the migration season, we may have to combine releases over several weeks to meet the minimum release size criterion.  With the weighting procedure (relative minimum variance and smolt passage index), these late survival estimates tend to have little influence on the annual average survival rate because the proportion of the total outmigration represented by these late migrating smolts is very small. 

There are no direct measures of annual survival rate of in-river smolt through the hydrosystem that exactly match the reaches around which smolts are transported.  Therefore, the annual survival rate from LGR-BON (VC) must be estimated by expanding the in-river reach survival rate estimates calculated from CJS recapture models from LGR tailrace to the lowest tailrace where an adequate survival estimate is available.  The LGR tailrace to BON tailrace reach estimate of survival is calculated by taking an estimated per-mile survival rate from the CJS results and raising this rate to a power equal to number of miles in the LGR-BON reach.  An alternative method is to use a per-project expansion such as used by NMFS 2000.  Although we consider the per-mile expansion as more appropriate than a per-project expansion because JDA reservoir is over twice the length of the average upstream reservoirs, we plan to further investigate the effects of these two methods of expansion.  We also plan to compare survival estimates made directly to BON using the trawl PIT tag detections (site TWX) as the final detection site.  NMFS has estimated survival directly to BON using the trawl detections, and they found the resulting LGR-BON reach survival estimates obtained tended to be lower than that obtained by either the per project or per mile expansion approach.

Smolt allocation to transportation and in-river migration categories. 

Since 2000, the goal has been to route 50% or more of the first-time detected CSS PIT tagged fish to transportation at all three transportation dams in the Snake River using the separation-by-code (multimon.exe) software.  Use of the separation-by-code program does not impact the timed subsample being taken at these dams because it is in effect only during non-subsampling intervals.   In 2003 and beyond the goal is to mimic the transportation program applied to the untagged smolts to the extent possible.  Therefore, in years of regular springtime transportation from McNary Dam, there will be four transportation sites in the analysis. 

Estimating LGR-LGR SARs

Because Snake River basin smolts are tagged and released at several locations above LGR reservoir, and because smolt that enter the collection facility are counted at LGR, this dam has been used as a reference point to measure SARs.  The first step to estimating SARs using PIT tag information is to estimate the total number of PIT-tagged smolt arriving at LGR.  Next, a SAR from LGR back to LGR is estimated for the transported group and the in-river group.  In addition, because PIT-tagged and non-PIT-tagged smolts are treated differently, SARs should be evaluated with smolt that have detection histories that are most similar to the non-PIT-tagged population.   We calculate the SARs for either transported fish or in-river fish by summing the number of smolt detected at the relevant projects (in LGR equivalents) over the season and dividing this into the number of adults returning to LGR with the same detection history from that migration year.   Adults are defined as ( 4 yr olds although we evaluated the impact of jacks on SARs for selected hatcheries.  These are the general steps in estimating SARs for both wild and hatchery spring/summer chinook.  Further detail is provided below.

Arrival numbers at LGR 

To estimate the number of smolts arriving at LGR dam from a particular hatchery, we multiplied the number of smolts released, R1, by the survival rate, S1, estimated by the CJS.  This method is not applicable to wild smolts because of the multiple sites from which wild smolts are released.  For wild smolts, the methodology involves estimating LGR arrivals as the sum of daily passage estimates, which are calculated by dividing daily detection numbers by daily detection efficiencies.  This method defined a population known to be alive at LGR (by virtue of having been detected at LGS), and then determined the proportion of smolts in the sub-population that was detected at LGR.  Corrections were made for proportions of detected smolts removed (transportation or unknown disposition) using 7-day running averages.

Estimation of smolt numbers by category  

Transport groups

As stated earlier, we only use first-time detections for transported smolts in order to mimic the non-tagged smolts.  In order to report the number of smolts arriving at lower collection facilities in LGR equivalents, we must divide the number of first detected smolts that were transported by the survival to that facility. Thus, Group T0 consists of PIT tagged CSS smolts routed to the fish barge (or truck) at LGR or first-time detected PIT tagged smolts routed to transportation at LGS, LMN, or MCN.  The number of fish estimated in Group T0 is

      T0 = X12 + X102/S2  + X1002/S2S3     with no McNary transport  
                  (eq. 1a)

      T0 = X12 + X102/S2  + X1002/S2S3 + X10002/ S2S3S4   with McNary transport   (eq. 1b)

	Definitions of symbols:
     X12 = number transported at Lower Granite Dam 

    X102 = number first-detected and transported at Little Goose Dam 

  X1002 = number first-detected and transported at Lower Monumental Dam

 X10002  = number first-detected and transported at McNary Dam

     R1 = number of PIT tags released from hatchery for CSS

     S1 = estimated survival from hatchery release site to Lower Granite Dam tailrace
     S2 = estimated survival from Lower Granite tailrace to Little Goose Dam tailrace

     S3 = estimated survival from Little Goose tailrace to Lower Monumental Dam tailrace 

     S4 = estimated survival from Lower Monumental tailrace to McNary Dam tailrace

     p2 = estimated collection efficiency at Lower Granite Dam

     m12 = number of fish first detected at Lower Granite Dam

     m13  = number of fish first detected at Little Goose Dam

     m14 = number of fish first detected at Lower Monumental Dam

     m15 = number of fish first detected at McNary Dam

     δ2 = number of fish removed at Lower Granite Dam regardless of prior capture history  (includes transported fish, site-specific mortalities, and unknown disposition fish)

     δ3 = number of fish removed at Little Goose Dam regardless of prior capture history (includes transported fish, site-specific mortalities, and unknown disposition fish)

     δ4 = number of fish removed at Lower Monumental Dam regardless of prior capture history (includes transported fish, site-specific mortalities, unknown disposition fish, and fish accidentally removed at Lower Monumental Dam and used in NMFS survival study at Ice Harbor Dam) 

     δ5 = number of fish removed at McNary Dam (used only if McNary Dam is regular springtime transportation site) regardless of prior capture history (includes transported fish, site-specific mortalities, and unknown disposition fish)

     Δ0 = site-specific removals at dams below Lower Monumental Dam (or McNary Dam if included at regular transportation site) of fish not detected previously at a Snake River Dam (includes incidental fish transported at McNary Dam, unless it is a regular transportation site, fish purposefully removed and sacrificed at downstream dams for the UICFWRU study, and fish accidentally removed at John Day Dam and used in NMFS survival study at The Dalles Dam)

     Δ1 = site-specific removals at dams below Lower Monumental Dam (or McNary Dam if included at regular transportation site) of fish previously detected at a Snake River Dam (includes incidental fish transported at McNary Dam, unless it is a regular transportation site, fish purposefully removed and sacrificed at downstream dams for the UICFWRU study, and fish accidentally removed at John Day Dam and used in NMFS survival study at The Dalles Dam)

      Note: both Δ0 and Δ1 are inflated by a constant factor of 2 to offset the approximate 50% survival rate to the lower Columbia River of fish starting at Lower Granite Dam 


In-river groups

Because PIT-tagged smolts must go through the collection facility to be detected, and all non-tagged smolts entering the detection facility are generally transported, only PIT-tagged smolts that have not been detected should be evaluated to represent SARs for in-river fish.  To estimate the number of smolts that were not detected at any of the collector projects (C0), the number of smolts first detected (transported and non-transported) at LGR, LGS, LMN (in LGR equivalents) is subtracted from the total number of smolts estimated to arrive at LGR.  Smolts detected at MCN, JDA, and BON are included in this group as fish entering the bypass facilities at these projects, both tagged and untagged, are generally returned to the river.  The number of fish estimated in Group C0 is

C0 = m12/p2  - (m12 + m13/S2  + m14/S2S3) – 2Δ0
without MCN transport  (eq. 2a) 

C0 = m12/p2-(m12+m13/S2+m14/S2S3+m15/S2S3S4) – 2Δ0  with MCN transport  (eq. 2b)

where 2(0 is the number of smolts in LGR equivalents removed in the Congelton study (see text box for definition of symbols).  Considerable discussion as to the definition of what constitutes a “true” in-river control has occurred in the past (Mundy et al. 1994).  Often, any smolt that migrated through the hydrosystem, regardless of their detection history, has been used to represent an in-river fish.  However, evidence suggests that fish entering a collection facility and returned to the river have a lower probability of returning as an adult than fish that pass a dam through either spill or through the turbines (Budy et al. 2002, Sanford and Smith 2001).  Therefore, to use these fish to represent in-river control fish would be misleading as smolts that enter the collection facility are almost always transported.  In this study, we evaluate the SARs of CSS fish that were detected one or more times at transportation sites (defined at the C1 group) and contrast these to SARs of fish that were never detected at these sites (C0).  The number of fish estimated in Group C1 is:

C1 = (m12 -δ2) + (m13-δ3)/S2  +  (m14-δ4)/S2S3 - 2Δ1
without McNary transport  (eq. 3a)

C1 = (m12-δ2) + (m13-δ3)/S2 + (m14-δ4)/S2S3 +

                                               m15-δ5)/S2S3S4 - 2Δ1       with McNary transport       (eq. 3b)

Recovery activities at Lower Granite Dam adult trap
LGR is a primary upriver evaluation site for many objectives of the CSS.  The adult fish passage facilities at LGR incorporate an adult fish trap located just off the main fish ladder.  When trapping occurs, adult fish are diverted from the main fish ladder into a pool area where two false weirs, a metal flume, coded wire detectors, and PIT detectors are in line leading to the adult holding trap.  Unmarked fish or fish not required to be diverted will drop back into the fish ladder, and continue up to the main fish ladder where they can exit to the forebay of the dam.  In return years through 2001, the tag identification files for CSS PIT tagged chinook were installed in the separation-by-code program that allow the PIT tag detector to selectively trip a gate and shunt these fish to the holding trap.  This was done in order to obtain data on length, sex determination, fish condition (injury), and a scale sample.  Beginning in return year 2002, these data will no longer be taken at LGR.  Length, sex determination, and injury data will be obtained from the hatcheries.  Therefore, returning adults reaching LGR will continue upstream without any handling at that site.

Assignment of returning adults to categories

Returning adults are assigned to groups T0 and C1 based on which route of passage these fish took as smolts at the Snake River dams, and whether fish on a given route were actually being transported or returned-to-river during a particular period of time.  Returning adults not detected as smolts at LGR, LGS, and LMN, regardless of any subsequent downstream detection, were assigned to Category C0 (exception is when full springtime transportation occurs at MCN; then Category C0 includes smolts that migrated in-river to the tailrace of MCN without any prior detection in an upstream bypass system).  The following paragraphs give details on the assignment of returning adults to the various study categories.  


Returning adults were assigned to one of the study categories listed above by their capture disposition code.  A seven digit capture disposition code was generated where the value in positions 2 (LGR), 3 (LGS), 4 (LMN), 5 (MCN), 6 (JDA), and 7 (BON) reflected what happened to an individual fish at each subsequent downstream dam.  In a given position of the code, reflecting a particular dam, four possible values were available.  A value of 0 indicated that the fish was not detected at that site; a value 1 indicated that the fish was detected and returned to the river at that site; a value 2 indicated that the fish was detected and “potentially” transported at that site; and a value 3 indicated that the fish had an unknown outcome (seen only on separator) at that site.  Smolts that were detected as morts (most often purposely sacrificed for research purposes) at a site also received the value 3 there, but this has no effect on returning adults assignments.


In order for a returning adult to be assigned to one of the transportation categories, it had to be a first-time detected fish at the transportation site being considered, and actually transported from that site.  This is because we want the PIT tag chinook to mimic their unmarked counterpart, and nearly all unmarked fish are transported when they are collected at a Snake River dam.  Adults with any of the following capture disposition codes are valid Category T0 transportation fish: “1200000”; “1020000”; “1002000”; and when full springtime transportation occurs at MCN, “1000200.”  An example of a transported fish that is not part of the transportation category is a fish with the code “1120000” – this fish is first detected at LGR and then collected again downstream and transported at LGS.  All returning adults from smolts detected at an upstream site, and later transported from a downstream site were excluded from the transportation categories.  Likewise excluded from the transportation category were those fish that based on the route (coils) detected could potentially have been transported, but were subsequently detected at a downstream dam.  An example of a fish detected on the coils leading to the raceways or sample room, but not transported includes fish with a code of “1020010” indicating not transported from LGS because it was detected downstream at John Day Dam (an adult with this code would be assigned to Category C1).    


In order for a returning adult to be assigned to Category C0, it had to migrate in-river past LMN without any prior detection in a bypass system.  This includes fish with the following capture disposition codes.  Category C0 contains returning adults with codes of “10001xy” where xy may take any combination of 0 or 1, “10003xy” where xy must have at least one value = to 1, “1000010”, “1000011”, “1000001”, and “1000000.”   (Exception:  when full springtime transportation occurs at McNary Dam, then Category C0 includes smolts that migrated in-river to the tailrace of MCN without any prior detection in an upstream bypass system.)


In order for a returning adult to be assigned to Category C1, it had to migrate in-river past LMN with one or more prior detections in a bypass system upstream.  This latter category does not reflect what is happening to the unmarked fish, it simply occurs as the result of our returning a portion of PIT tagged fish at each dam for in-river survival estimation.  Category C1 contains fish with the widest range of codes.  All that is needed is to be detected at either LGR, LGS or LMN, and not be removed at one of these sites due to transportation, unknown final disposition, or mortality.  (Exception:  when full springtime transportation occurs at McNary Dam, then Category C1 includes smolts that migrated in-river to the tailrace of MCN with at least one prior detection in an upstream bypass system.)  Assigning fish to this category was the most tedious because of many capture disposition codes possible. 


Returning adults not assigned to any study category included those whose migration route as smolts (transportation or in-river) was unknown because they were only detected on the separator at a Snake River dam and never detected again downstream.  The returning adults with unknown disposition as smolts were not used in any analyses.

      Calculation of individual facility transportation SAR’s

SAR’s from in Lower Granite Dam equivalents will be generated for each transportation site individually, and collectively as an aggregate in the next section.

     Calculation of aggregate transportation SAR

Because fish transported at different transport sites appear to differ in their overall SAR (Bouwes et al. 1999), the estimate of SART is affected by the collector projects selected.  Smolts have been transported at LGR, LGS, and LMN throughout the migration season and at MCN only during the summer season starting 1995.  To accurately portray the overall transportation operations, all collection projects where smolts are collected and transported must be included.  This is done using stratified sampling theory in which each dam is a stratum containing an estimated number of tagged and untagged smolts that are to be transported.  However, because the PIT-tagged fish have often been returned to the river for survival estimation purposes, the number of PIT-tagged smolts transported at some projects is underrepresented and must be adjusted to better reflect the run-at-large.  Adjusting the proportion of the PIT-tagged smolts that were transported by the proportion of the run-at-large that was actually transported at each project can correct this bias
The adjustment weight Wj is the ratio of the actual proportion of all spring/summer chinook smolt (tagged, non-tagged, hatchery, and wild) arriving at a collector project (j) that was transported (termed PAj) and the proportion of the PIT-tagged wild or hatchery (depending on the group evaluated) spring/summer chinook arriving at a collector project that was transported (termed POj).  The adjustment weight Wj is
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In years without springtime transportation at McNary Dam, we will consider Category T0 to include only fish transported at LGR, LGS, and LMN, even though low numbers of wild and hatchery spring/summer chinook and steelhead production fish will be transported later in the summer when MCN transportation operations resume. 

SAR(T0) = {t2•SAR(TLGR) + t3•SAR(TLGS) + t4•SAR(TLMN)}/{t2+(t3/S2)+(t4/S2S3)}   (eq. 4a)

In years when springtime transportation of both marked and unmarked production smolts occurs at McNary Dam, we will include all four transportation sites.

SAR(T0) = {t2•SAR(TLGR) + t3•SAR(TLGS) + t4•SAR(TLMN) + t5•SAR(TMCN)}       /{t2+(t3/S2)+(t4/S2S3)+(t5/S2S3S4)}                                     (eq. 4b)

Note that in each SAR(T0) equations above, both the tj weights and SAR’s in the numerator are not expanded to LGR equivalents (because the expansion terms to LGR equivalents cancel out in the numerator); only the tj weights in the denominator are expanded.  Using the adjustment weight Wj, the individual weights tj arise from the relation Wj = (tj /Cj)/(n1j /m1j), where j=2 for LGR, j=3 for LGS, j=4 for LMN, and j=5 for MCN).  Rearranging terms of the weight gives

 tj = [(W(j))((n1j) ((Cj)]/(m1j) 


 tj = [(W(j))((n1j) ]/(
The quantity in brackets [(W(j))((n1j) ] adjusts the number of PIT tagged smolts being transported to the level expected had the PIT tag transport proportion equaled the total (tagged and untagged) transport proportion, while the factor ( expands the transport number to total tagged and untagged smolts for a given hatchery.  When working with wild chinook groups, the factor ( is not available (it is omitted by being set to 1).

The same weights generated above at the level of tagged and untagged fish for each hatchery population will be used to generate weighed average SAR’s and ratios of SAR’s, and D values for the total hatchery chinook population.  This method allows the stocks contributing the most in numbers to the total hatchery population at Lower Granite Dam to provide the largest affect on the weighted average parameter values.

     Calculation of in-river SARs
In-river SAR (Category C0 and C1)
SAR(C0) = adults in C0/estimated smolts in C0 in LGR equivalents                   (eq. 5)

SAR(C1) = adults in C1/estimated smolts in C1 in LGR equivalents                   (eq. 6)

The same weights generated above at the level of tagged and untagged fish for each hatchery population will be used to generate weighted average SAR’s, ratios of SAR’s, and D values for the total hatchery chinook population.  This method allows the stocks contributing the most in numbers to the total hatchery smolts population at Lower Granite Dam to provide the largest affect on the weighted average parameter values.

Calculation of Ratios of key SARs

Above we described the methods to estimate SARs for different detection histories of smolts that migrated in-river and smolts that were transported.  These methods produce a SART for the T0 group and a SARC for the C0 group.  To evaluate the relative SARs for fish that were transported to fish that migrated in-river we calculate a T/I ratio = SART/ SARC.​  In addition, we make a comparison between the C0 and C​​1 groups, estimating the C1/C​0 ratio = SARC1/ SARC0.

Estimating ‘D’

'D' is the ratio of post-BON survival rate (BON-LGR SAR) of transported fish to in-river fish.  Thus, 

D = BON-LGR SART/BON-LGR SARC  

D   = LGR-LGR SART/LGR-LGR SARC * VC/VT                                    (eq. 7)

where VC is the estimated inriver survival from LGR tailrace to BON tailrace (typically averaging around 50%) and VT is the assumed direct transportation survival of 98% (CRI and PATH model assumption).  The D ratio should be around 1 if there is no differential mortality occurring between transported and inriver migrating smolts once they are both below BON and eventually entering the ocean.  However, with D ratios averaging around 0.6 for hatchery and wild chinook in recent years (see the February 12, 2002 CSS Status Report for 1997-2000 migration years), there is evidence that the post BON delayed mortality of inriver fish is lower than that of transported fish.

Methods to estimate LGR-LGR SARs for transported (SART) and in-river (SARC) fish have been described above.  This measurement of survival from smolts to adults includes survival rates through the hydropower system for transported (VT) and for in-river (VC) smolts as well as survival after smolts pass BON and return to LGR.  The number of smolts passing BON dam is not observed.  Therefore, to estimate BON-LGR SARs, the hydrosystem survival rate is removed from the LGR-LGR SAR values.  For fish that migrate in-river the BON-LGR SAR is LGR-LGR SARC/VC, where VC is estimated through the CJS estimate expanded to the entire hydrosystem, and the BON-LGR SAR for transported fish is LGR-LGR SART/VT where VT=0.98.

Calculation of Confidence Intervals for Smolt Numbers,  SARs, ratios of SARs, and D

In the 2002 CSS Status Report, we estimated confidence intervals for smolt numbers of hatchery chinook with Monte Carlo simulations.  This approach was used with the SAR parameters and T/I ratios also.  However, it was apparent that an alternative method needed to be developed to handle both hatchery and wild chinook, and to better incorporate all sources of variability present.  A nonparametric “bootstrap” approach is currently under development to produce confidence interval around all parameters of interest including SARs, T/I ratios, and “D” values (Efron and Tibshirani 1993).

All of the above parameters of interest, survival estimates, D values, SARs, and ratios of SARs will be computed for each individual bootstrap sample.  From the 1000 bootstrap samples, we will compute the averages and variances for each parameter of interest.  Since the distribution of the ratios of binominal SARs is expected to be lognormal, as well as that of the D’s, we will use logarithmic transformations of these values.  Confidence intervals computed on the transformed data would be transformed back to the original scale by taking the anti-logarithm on the transformed confidence interval points. In all cases, a nonparametric 95% confidence interval will be computed.  The 95% confidence interval is obtained by first ordering the resulting 1000 values of each parameter of interest in ascending order and then selecting the values in the 25th and 976th rank order positions as the lower and upper limits of the confidence interval, respectively, for that parameter.


For Objective 3 the selected upriver hatcheries will include Rapid River, McCall, and Dworshak hatcheries for analysis with PIT tagged and CWT adult returns.  The downriver hatcheries include Carson Hatchery  for analysis with PIT tagged and CWT adult returns.  Adult returns will be adjusted by estimated terminal harvest rates.  Because jacks make up a lower proportion of the upriver total return compared to the downriver total return, the comparison between smolt-to-adult returns to the upriver and downriver hatcheries will be made  without jacks included.  Mini-jack returns to any hatchery will be excluded from the total smolt-to-adult returns.

SAMPLE SIZE REQUIREMENT:
In addition to hatchery and wild yearling chinook PIT tagged in the Snake River basin and hatchery chinook PIT tagged in the Mid-Columbia River basin for the CSS, the CSS Oversight Committee has recommended that hatchery and wild steelhead groups be added beginning in 2003.  The addition of groups of PIT tagged steelhead had been recommended by the Pacific Northwest Power Planning Council’s Independent Scientific Review Committee during its review of the CSS in 1998.  Wild chinook and steelhead in the Snake River basin and hatchery chinook and steelhead in both the Snake River and Mid-Columbia River basins are sought to measure impacts of the hydro system on smolt to adult survival rates.  


Establishing PIT tagging quotas for Snake River basin and Mid-Columbia River basin yearling chinook and steelhead requires levels of difference that are biologically meaningful for the smolt groups to be compared.  In the case of hatchery chinook and steelhead in the Snake River basin, we will consider differences of 50% between the LGR to LGR SAR’s of transported and in-river groups as biologically significance in this proposal.  In the case of hatchery chinook and steelhead in the Mid-Columbia River basin, we will lower the biological significant differences to 30% between the MCN to MCN SAR’s of transported and in-river because of the shorter distances and fewer dams being covered by the migrating smolts.  In order to have 90% confidence of  rejecting the null hypothesis of ‘no difference’ in favor of an alternative hypothesis of ‘greater than or equal to a pre-determined magnitude of difference’ when the alternative hypothesis is ‘true’, with a 5% risk of rejecting the null hypothesis when the null hypothesis is ‘true’ requires greater PIT tag release numbers when the pre-determined magnitude of difference is 30% than when it is 50%.  In determining PIT tag release numbers, we assume the smaller  SAR is around 1%.  Assuming independence between samples and binomially distributed SAR’s, the equation for minimum sample size, n, in each study group to be compared is n=(Z(+Z()2 (p1q1+p2q2)/(p2 – p1)2 where the quantity (Z(+Z()2 = 8.6 under a one-tail test with Power=1- (=0.90 and (=0.05 (Snedecor and Cochran, 1989, Statistical Methods, 8th edition).  As long as the value of the smaller SAR doesn’t drop below 1%, the use of 8,500 smolts in each study group when testing a 50% difference in SAR between study groups and 21,700 smolts in each study group when testing a 30% difference in SAR between study groups will be sufficient to obtain the power of test desired.  Note that we have applied very stringent requirements for alpha and beta errors in determining sample size quotas.  These stringent requirements are greater than required for some management applications.  Therefore, when we fall short of the sample size quotas implied by these stringent requirements when working with the wild steelhead, this doesn’t mean that comparisons with wild steelhead are useless, only that we will have less power in detecting “true” differences.  However, when SAR levels are below 1%, conducting these tests becomes less useful since then we are already far below the expected minimum recovery SAR level of 2%.  In that situation, simply documenting the extremely low SAR point estimates with the corresponding wide confidence intervals should suffice.  In addition, the proposal for PIT tagging wild chinook and wild steelhead and diverting a proportion to transportation will directly provide SAR estimates representative of the untagged population.  Previously, only indirect estimates of transportation SAR were possible when all PIT tagged fish were bypassed for river survival estimation.


Hatchery steelhead to be PIT tagged in the Snake River basin will be split between B-run steelhead stocks of the Clearwater River and A-run steelhead stocks of the Salmon River.  Based on past and future hatchery production levels and the ability to collect adults on at an adult weir, we propose to use Dworshak Hatchery in the Clearwater River and Pahsimeroi Hatchery in the Salmon River.  Hatchery steelhead to be PIT tagged in the Mid-Columbia River basin will be split between Wells Hatchery steelhead that are outplanted into the Methow River basin and East Bank/Turtle Rock Hatchery Complex steelhead that are outplanted into the Wenatchee River basin.  Fish released into the Methow River will pass nine dams on their seaward migration, while fish released into the Wenatchee River will pass seven dams.


The five-year (1995-1999) average SAR from hatchery release site back to Lower Granite Dam as adults was estimated using PIT tag data at 0.22% for Dworshak Hatchery steelhead and 0.14% for Pahsimeroi Hatchery steelhead.  Although these average SARs are well below the 1% planning threshold presented above, it must be remembered that these SARs likely underestimate those of the unmarked population because nearly all PIT tagged steelhead were purposely being returned to river at each dam for in-river survival estimation, while their unmarked counterparts were mostly being collected and transported.  There is, therefore, a need to obtain updated SARs that reflect steelhead smolts that are transported and steelhead smolts that migrate in-river without prior detection at a Snake River collector/transportation dam. 


The number of smolts to PIT tag at the hatcheries is based upon getting enough smolts within each study category of interest including the Category that is most difficult to satisfy.  In the case of smolts originating above Lower Granite Dam, the greatest difficulty is getting sufficient numbers of smolts in Category C0.  We estimate that 50,000 PIT tagged hatchery chinook and 82,000 PIT tagged hatchery steelhead will produce approximately 8,500 smolts of each species in Category C0 under average survival and collection efficiency levels of 1998-2000.  The higher quotas needed for hatchery steelhead are due to the higher steelhead collection efficiencies at the dams leaving fewer smolts to pass in-river without detections at transport-collector dams.  Current PIT tagging quotas of hatchery chinook are 52,000 at each of Rapid River, Dworshak, and McCall hatcheries, and 21,000 at each of Imnaha and Catherine Ck acclimation ponds (Table 1).  Current PIT tagging quotas at Rapid River, Dworshak, and McCall hatcheries are sufficient to meet the quota of 8,500 smolts in Category C0 at the individual hatchery level.  Because production numbers at Imnaha and Catherine Creek acclimation ponds range from 200,000-400,000 fish, the PIT tagging quotas are set at only 21,000 fish at each site to keep tagging proportions in the 5-10% range, and so numbers of PIT tagged smolts in Category C0 will generally be below the 8,500 fish target.  Since PIT tagging of hatchery steelhead for the CSS is a new activity, it is planned to begin with the full quota of 82,000 PIT tagged steelhead each at Dworshak and Pahsimeroi hatcheries (Table 1). Detection of adult PIT tagged chinook and steelhead returning to the Snake River basin will be possible at Bonneville, McNary, and Lower Granite Dam dams. 

Table 1.  PIT tag numbers for yearling chinook and steelhead per selected hatcheries in the Snake River basin for the CSS in migration years 2003 to 2005.

	Snake River Basin


	Species
	PIT Tag Numbers per Hatchery

	
	
	Tagging No.
	Number at LGR
	Estimate

 C0 class
	Estimate

T0 class

	Dworshak Hatchery1
Pahsimeroi Hatchery
	Steelhead
	82,000

82,000
	64,000

64,000
	8,500

8,500
	36,900

36,900

	Rapid River Hatchery

Dworshak Hatchery

McCall Hatchery
	Chinook
	52,000

52,000

52,000
	36,400

36,400

36,400
	8,900

8,900

8,900
	18,300

18,300

18,300

	Imnaha Acclimation Pond

Catherine Creek AP
	Chinook
	21,000

21,000
	14,700

14,700
	3,600

3,600
	 7,400

7,400


1Dworshak Hatchery steelhead quota includes 1,500 fish that are originally part of Smolt Monitoring Program.  These fish are budgeted at part of the CSS tagging quota for efficiency of cost and use.  If steelhead are not tagged at Dworshak Hatchery for the CSS, then the need to PIT tag these 1,500 fish would revert back to the Smolt Monitoring Program.

In the case of smolts originating in the Mid-Columbia River basin, . we are proposing utilizing yearling hatchery chinook PIT tagged by NMFS for McNary Dam transportation studies in years of their ongoing study.  In subsequent years we would propose tagging 50,000 yearling chinook at each of Leavenworth and Winthrop hatcheries for in-river SAR’s.  For hatchery steelhead, we plan to PIT tag  50,000  steelhead for release in the Wenatchee River (East Bank Hatchery fish) and 50,000 steelhead for release in the Methow River (Wells Hatchery fish).  This number of PIT tagged smolts from each hatchery will produce about 21,600 smolts in Category C0 (Table 2).  These hatchery steelhead would be used in conjunction with the NMFS PIT tagged steelhead in the Wenatchee and Methow River drainages for comparing SAR’s of transported versus in-river migrating smolts.  As long as the value of the smaller SAR doesn’t drop below 1%, the use of 21,700 smolts in each study group when testing a 30% difference in SAR between study groups of interest will be sufficient to obtain a level of 90% power of test.  Detection of adult PIT tagged chinook and steelhead returning to the Mid-Columbia River basin will be possible at Bonneville and McNary dams, and at Wells Dam for those returning to the Methow River basin. 

Table 2.  PIT tag numbers of yearling chinook and steelhead per selected hatcheries in the Mid-Columbia River basin for the CSS in migration years 2003 to 2005.

	Mid-Columbia River Basin


	Species
	PIT Tag Numbers per Hatchery

	
	
	Tagging No.
	Population at MCN
	Estimate

 C0 class

	East Bank Hatchery

Wells Hatchery
	Steelhead
	50,000

50,000
	28,000

28,000
	21,600

21,600

	Winthrop Hatchery1

Leavenworth Hatchery1
	Chinook
	50,000

50,000
	28,000

28,000
	21,600

21,600


1 The SMP and CSS programs will utilize the yearling chinook PIT tagged by NMFS under a COE transportation evaluation study in those years that NMFS is PIT tagging large numbers of spring chinook at these two hatcheries.  In subsequent years when NMFS is finished with the transportation evaluation, then the CSS would plan to PIT tag 50,000 smolts at each hatchery for monitoring SAR’s of in-river migrating smolts.  If future CSS PIT tagging at these two hatcheries is not approved, then a minimum quota of 7,500 fish at each hatchery for the Smolt Monitoring Program would be reinstated.  

The number of wild yearling chinook smolts PIT tagged in the Snake River basin and used in the CSS in 2003-2005 is set to be similar to the tagging efforts used for migration year 2002.  Organizations participating in the PIT tagging of wild chinook that may be used in the CSS include Idaho Department of Fish and Game, Oregon Department of Fish and Wildlife, US Fish and Wildlife Service, Confederated Tribes of the Umatilla Reservation and Shoshone-Bannock Tribes.  For wild chinook originating above Lower Granite Dam, the greatest difficulty is getting sufficient numbers of smolts in Category C0.  We estimate that 47,400 PIT tagged wild chinook will produce approximately 5,800 smolts in Category C0 and 9,000 smolts in Category T0, assuming similar average inter-dam survival and collection efficiency levels as estimated for hatchery yearling chinook in 1998-2000.  Because of uncertainties in actual survivals from tagging site to Lower Granite Dam in any given year, the numbers of smolts per category may be either higher or lower than what is presented in Table 3.  Likewise if the actual SAR of wild chinook is higher than the 1% used for planning purposes, say at 1.5%, the comparisons between transport and in-river groups would still have a 90% power of detecting a “true” 50% difference.  The number of tags available in 2002 was not a limiting factor in trying to arrive at the Category C0 quota of 8,500 fish, since not all tags available for 2002 were actually used.

Table 3.  PIT tag numbers for wild yearling chinook in the Snake River basin for the CSS in migration years 2003 to 2005.

	Snake River Basin

Wild Chinook 
	Tagging No.
	Population at LGR
	Estimate

 C0 class
	Estimate

T0 class 

	Tributary traps:

Existing summer/fall tagging

Existing spring tagging

Extra tags provided by CSS 
	14,750A

7,750B

  4,500B
	3,830A

6,740B
	  930A
1,640B
	1,450A
2,550B

	Existing Salmon River trap

Extra tags for Salmon R. trap Existing Snake River trap

Extra tags for Snake R trap Clearwater R traps

Existing Grande Ronde R trap

Extra tags for Grande Ronde R trap
	3,200C

5,000C

2,800C

2,000C

3,250C

2,800C

1,350C


	13,260C
	3,230C
	5,010C

	*** Total Wild Chinook
	47,400
	23,830
	5,800
	9,010


A Assume 26% survival to LGR of smolts tagged in tributaries between July 1 and Dec 31. 

B Assume 55% survival of smolts tagged at non-SMP tributary traps between Jan 1 and June 30. 

C Assume 65% survival of smolts tagged at SMP’s lower tributary traps.

The number of wild steelhead smolts PIT tagged in the Snake River basin and used in the CSS in 2003-2005 is set to be similar to the tagging efforts used for migration year 2002.  Organizations participating in the PIT tagging of wild chinook that may be used in the CSS include Idaho Department of Fish and Game, Oregon Department of Fish and Wildlife, US Fish and Wildlife Service, Confederated Tribes of the Umatilla Reservation and Shoshone-Bannock Tribes.  For wild steelhead originating above Lower Granite Dam, it is difficult to get sufficient numbers of smolts in either Category C0 or Category T0.  We estimate that 32,400 PIT tagged wild steelhead will produce approximately 1,570 smolts in Category C0 and about 5,100 smolts in Category T0, assuming similar average inter-dam survival and collection efficiency levels as estimated for hatchery steelhead in 1998-2000.  Because of uncertainties in actual survivals from tagging site to Lower Granite Dam in any given year, the numbers of smolts per category may be either higher or lower than what is presented in Table 4.  Because of the low number of smolts anticipated to be in Category C0, it is best to forego discussions of sufficient sample sizes for hypothesis testing and simply note that this is a pilot study aimed at determining the feasibility of tagging enough wild steelhead to make useful comparisons between in-river and transported groups.  However, this study will still generate valid SAR estimates because the protocol calls for diverting a proportion of PIT tagged fish to transportation to mimic conditions experienced by the unmarked population.  Currently, wild steelhead SAR’s are being generated for the transport and in-river groups based on even fewer PIT tagged smolt available, and no purposeful diversion of tagged fish to transportation. 

Table 4.  PIT tag numbers for wild steelhead in the Snake River basin for the CSS in migration years 2003 to 2005.

	Snake River Basin

Wild Steelhead 
	Tagging No.
	Population at LGR
	Estimate

 C0 class
	Estimate 

T0 class 

	Tributary traps:

Existing summer/fall tagging

Existing spring tagging
	23,000A

3,000B
	5,980A

1,650B
	  800A
220B
	2,590A
710B

	Existing Salmon River trap

Existing Snake River trap

Added tags at Clearwater River trap

Existing Grande Ronde River trap
	1,800C

1,800C

1,400C

1,400C
	4,160C
	550C
	1,800C

	*** Total Wild Steelhead
	32,400
	11,790
	1,570
	5,100


A Assume 26% survival to LGR of smolts tagged in tributaries between July 1 and Dec 31. 

B Assume 55% survival of smolts tagged at non-SMP tributary traps between Jan 1 and June 30. 

C Assume 65% survival of smolts tagged at SMP’s lower tributary traps.

The number of yearling chinook smolts PIT tagged in the lower Columbia River basin and used in the CSS in 2003-2005 is the current level of 15,000 hatchery chinook PIT tagged yearling at Carson Hatchery and 6,000 wild chinook PIT tagged in the John Day River (only 1,500 extra PIT tags are needed from the CSS to augment current PIT tagging efforts in the John Day River).  An additional 1,500 PIT tags are also needed from the CSS to augment current wild steelhead tagging efforts in the John Day River to reach a goal of 6,000 wild steelhead marked (Table 5).  Organizations participating in the PIT tagging of yearling chinook that may be used in the CSS include Oregon Department of Fish and Wildlife in John Day River and US Fish and Wildlife Service at Carson Hatchery.  We will be exploring the feasibility of estimating smolt population size of PIT tagged wild chinook from the John Day River and PIT tagged hatchery chinook from Carson Hatchery at Bonneville Dam based using Bonneville Dam and the NMFS trawl collections as the two detection sites.  In addition, estimates of population numbers of PIT tagged smolts at Bonneville Dam from CSS hatchery and wild chinook PIT tagged in the Snake River basin and hatchery chinook PIT tagged in the Mid-Columbia River basin will be sought, so that SAR’s from Bonneville Dam as smolts to Bonneville Dam as adults may be computed for both the lower Columbia River (downriver stocks and Snake River and Mid-Columbia River (upriver) stocks as part the CSS upriver-downriver comparison goals.  As long as the value of the smaller SAR doesn’t drop below 1%, the use of at least 2,540 smolts in each study group when testing a 100% difference in SAR between study groups will be sufficient to obtain the level of 90% power of test desired.  Although most tests may be conducted with Bonneville Dam estimated smolt population size rather than the C0 class smolt numbers, the sample size planning was based on C0 class smolt numbers to allow additional SAR comparisons using smolts passing Bonneville Dam without a detection. (i.e, non-bypassed smolts).

Table 5.  PIT tag numbers for yearling chinook and wild steelhead in the lower Columbia River basin for the CSS in migration years 2003 to 2005.

	Lower Columbia River Basin

 
	Species/reartype
	Tagging No.
	Population at BONA
	Estimate

 C0 classA

	Carson Hatchery 
	Hatchery Chinook
	15,000
	9,300
	6,400

	John Day River existing tagging 

Extra tags provided by CSS
	Wild Chinook
	4,500

1,500
	3,720
	2,570

	John Day River existing tagging

Extra tags provided by CSS
	Wild Steelhead
	4,500

1,500
	3,720
	2,570


A Assume 62% survival to BON of smolts tagged and 31% collection efficiency at BON; based on geometric mean of total chinook survival from John Day Dam tailrace to Bonneville Dam tailrace and arithmetic mean of corresponding collection efficiency estimates for May 1-21, 1999 to 2001. 

g. Facilities and equipment
PIT tag detection facilities and PIT tag  separation-by-code capabilities are  required at major mainstem projects.  The separation-by-code capabilities allow a user specified proportion of first-time detected PIT tagged smolts to be routed to the raceways at Lower Granite, Little Goose, and Lower Monumental dams for the CSS.  The PITAGIS data system is required.  Juvenile PIT tag detection facilities are in place  for Rapid River Hatchery to monitor the  volitional release of juvenile salmon at the hatchery.  Additional adult detection equipment  is  required at the new hatchery sites added to the CSS in 2003, including Pahsimeroi, Leavenworth, Winthrop, Wells, and East Bank hatcheries. 

h. References

	Reference (include web address if available online)
	Submitted w/form (y/n)

	REFERENCES

Budy, P., G.P. Thiede, N. Bouwes, C.E. Petrosky, and H. Schaller.  2002.  Evidence linking delayed mortality of Snake River salmon to their earlier hydrosystem experience.  North American Journal of Fisheries Management 22: 35-51.

Burnham, K.P., D.R. Anderson, G.C. White, C. Brownie, and K.H. Pollock. 1987.  Design and analysis methods for fish survival experiments based on release-recapture.  American Fisheries Society Monograph 5. ISSN 0362-1715. Bethesda, Maryland. 437 pp.

Cormack, R.M. 1964. Estimates of survival from the sighting of marked animals.  Biometrika 51:429-438.

Efron, B. and R.J. Tibshirani. 1993. An introduction to the bootstrap. Chapman & Hall, NY.

Jolly, G.M. 1965. Explicit estimates from capture-recapture data with both death and immigration – stochastic model.  Biometrik 52: 225-247.

Sandford, B.P., and S.G. Smith. 2001. Estimation of Smolt-to-Adult Return Percentages for Snake River Basin Anadromous Salmonids, 1990-1997. Journal of Agricultural, Biological, and Environmental Statistics.

Seber, G.A.F. 1965. A note on the multiple-recapture census. Biometrika 52: 249-259.

White, G.C., and K.P. Burnham. 1999. Program MARK: survival estimation from populations of marked animals. Bird Study 46 Supplement: 120-138.


	N

N

N

N

N

N

N

N




Section 10 of 10. Key personnel

Oversight Committee:

Charlie Petrosky,  Idaho Department of Fish and Game

Tom Berggren, Fish Passage Center

Howard Schaller, US Fish and Wildlife Service 

Paul Wilson, US Fish and Wildlife Service

Nick Bouwes, Private Contractor

Ron Boyce, Oregon Department of Fish and Wildlife

Shane Scott , Washington Department of Fish and Wildlife

Earl Weber, Columbia River Intertribal Fish Commission

Marking:

Rodney Duke, Idaho Department of Fish and Game

Dave Wills,  US Fish and Wildlife Service

Mary Louise Keefe, Oregon Department of Fish and Wildlife

Larry Basham, Fish Passage Center

Resumes, as available, follow:

Thomas J. Berggren

4921 SE 43 Ave

Portland, OR 97206

(503) 774-2016

Title:  Biometrician 

FTE: 1 (40 hrs/week)

Description of duties:  

 Participates in the analysis of the data collected from monitoring sites, as well as the PIT tagged data for groups released in the Smolt Monitoring Program to arrive at smolt travel times and survivals.  Participates in the analysis of the adult returns data from the CSS along with members of the CSS Oversight Committee to  estimate SAR’s  of chinook and steelhead that migrate in-river versus those that are  transported.  Participates in the  completion of sections of Fish Passage Annual Report related to the Smolt Monitoring Program.

Work Experience:

• Fish Passage Center, Portland OR – February 1986 to present.  Biometrician.  Contributes to Smolt Monitoring Program and Comparative Survival Study.

• Bonneville Power Administration, Portland OR – March 1982 to February 1986.  Fishery Biologist in Fish and Wildlife Division  and Statistician in Forecasting Division.

• Beak Consultants, Portland OR – October 1979 to March 1982.  Fishery Biologist/Analyst providing statistical support.

• Texas Instruments, Buchanan NY  – March 1974 to January 1978.  Fishery Biologist/Analyst providing operational and analytical oversight on stripped bass demographics study.

Education:

• Master of Science, May 1981 from Cornell University in Department of Plant Breeding and Biometry, Ithaca NY.  Coursework emphasized  statistics and biometry.

• Master of Science, March 1974 from University of Washington in College of Fisheries, Seattle WA.  Coursework emphasized fishery population dynamics and statistics.

• Bachelor of Science, June 1971 from University of Washington in College of Fisheries, Seattle WA.  Coursework emphasized quantitative science and mathematics.

Publications:
• Berggren, TJ and MJ Filardo, 1993.  An analysis of variables influencing the migration of juvenile salmonids in the Columbia River basin.  North American Journal of Fisheries Management, Vol 13 (1): 48-63.

Larry R Basham

222 Davis Rd

Skamania, WA 98648

(509) 427-4177

Work Experience

Field Operations Coordinator – Fish Biologist




12/83 to present
Smolt Monitoring Program




Fish Passage Center, Portland, OR

· Responsible for coordination of hatchery release schedules in the Columbia River Basin; coordination of marking of juvenile fish for Smolt Monitoring Program, including dissemination of freeze brand tools, PIT tagging fish for SMP, and other methods of marking fish.  Responsible for field coordination for the FPC SMP including in season and planning of mark groups to be used at the hatcheries or trapping sites. Responsible for reporting pertinent information to FPC manager and Fish agencies and tribes. Responsible for writing sections of the Fish Passage Center annual report.  

· Allotted time – 2/3 FTE  for SMP and CSS programs.

Fish Biologist, Chairman of Fish Transportation Oversight Team

12/80-12/83

National Marine Fisheries Service, Portland, OR

· Responsible for setting up an oversight team for the juvenile fish transportation program for the NMFS that would transition from a research program to a management program that included Federal and State agencies.  Responsible for developing criteria for operating transport and sampling facilities on the Snake and Columbia River.  Responsible for writing the initial Fish Transportation Oversight Team Annual Report.  Responsible for coordination of all matters relating to fish transportation with the State and Federal fish agencies and tribes.

Fish Biologist, Fish Transportation Program (Research)


7/75-12/80

National Marine Fisheries Service, Pasco, WA

· Responsible for day-to-day operation of fish transportation program at Little Goose Dam from 1976-80.

· Responsible for operation of adult trapping facility at Bonneville Dam from 1978-80.  

· Responsible for writing sections of research reports of transport operations at Little Goose Dam.

· Wrote or co-authored several publications.

Fish Technician, Snake River Transportation Program Research
3/72-6/75


National Marine Fisheries Service, Pasco, WA

· Assisted project leaders at Little Goose Dam with operation of the adult trapping facility, marking juvenile fish for the research program, and compilation of data at site.
Education

1969 - Bachelor of Arts in Biological Science, Northwest Nazarene College, Nampa, ID

1969-1971 – US Army Military Trng

1975 – Completed summer work at UofI in fisheries credits to qualify as biologist
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[image: image3.jpg]MNote: MCN transportation excluded from following description for clarity in presentation.

Let iy = mumber of chinook (tagged and untagged) at LGR destined for transport at LGR.

tiz = mumber of chinook (tagged and untagged) at LGR destined for transport at LGS
11z = mumber of chinook (tagged and untagged) at LGR destined for transport at LMN
0 = mumber of chinook (tagged and untagged) actually transported at LGR.

tLor = M1

05 = nomber of chinaok (tagged and untagged) achually transported af LGS

tLos =M S

tung0 = number of chinook (tagged and untagged) achvally transported af LMN
tuar =11z %

t = wyny/§, for the * dam and B hatchery where w; is expansion factor to make PIT tagged
ransport proportion equal the wnmarked transport proportion, n is count of PIT tagged
chinook transported, and fy is the proportion of PIT tagged chinook in a given haichery’s
production release number (fis set o 1 for wild chinook).

§; = survival from LGR tailrace to LGS tailrace
85 = survival from LGS tailrace to LMN tairace

SARgron108 = SAR in LGR equivalents for fsh transported from f* dam
SAR;=SAR notin LGR equivalents for fish transported from {* dam
SARwerLorLor = SARLeR

SARwesporLor =520 SARLes

SARuvorLer = 52 55 SARu

SARm

1SARerLorLort S AR osponLort MsS AR orLorl (s}
= (1o SARLor+ oSy SARLos 1352 S50 SARLar) (firtiz#is)
tuome SARLor* tuose SARLos* tunor» SARLhr)/ (tLsatiosfSat tuaee/S2 53)

When MCN is included, the numerator has tyey » S ARpey added and the denominator has
tuge/S; 53 54 added, where Sy= survival from LMN tailrace to MCN tailrace
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