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Title: 
A Study to Evaluate Hydropower System-related Latent Mortality Associated with Passage of Yearling Chinook Salmon Smolts through Snake River Dams

A. Abstract 

This study will test the hypothesis of hydropower system-related latent mortality (Williams et al. 2005) that was promoted as an explanation for the difference in life-cycle productivity between upstream and downstream populations of spring/summer Chinook salmon prior to and after dam construction.  Three groups of hatchery-reared yearling Chinook salmon smolts will be PIT tagged at Lower Granite Dam on the Snake River.  One group will be transferred by truck and released below Ice Harbor Dam; a second group will be transported and identical amount of time by truck before being released into the Lower Granite Dam tailrace; a third group will be released into the Lower Granite Dam tailrace without having been transported by truck.  Because the hypothesis concerns effects that occur downstream from their causes, it is necessary to control for differences in direct mortality among the three release groups.  Accordingly, only fish detected as they pass through the bypass system at McNary Dam will be used in survival comparisons of the three groups.  Evaluation will be based on annual ratios of adult return rates. To test for latent effects, SARLGR/SARIHR (L/I) and associated 95% confidence intervals will be calculated (the L/I is a measure of differential “post-McNary” survival; it is analogous to the “D” parameter that is computed for transported fish, measuring differential post-Bonneville Dam mortality).  An L/I significantly less than 1.0 will indicate a higher level of latent hydropower system-related mortality for smolts that passed through 8 dams and reservoirs than for those that passed through 5 dams and reservoirs.  Differences between the first two groups will be attributable to the second group’s passage through additional dams. The second group will be compared to the third to evaluate effects of trucking per se’.

B. Technical and/or scientific background

 SEQ CHAPTER \h \r 1
Snake River spring/summer Chinook salmon (Oncorhynchus tshawytscha) abundance decreased precipitously after completion of the Federal Columbia River Hydropower System (FCRPS) (Raymond 1979, Schaller et al. 1999, Williams et al. 2005).  The initial decline occurred in the early 1970s as Lower Granite, Little Goose, Lower Monumental, and John Day Dams were added to the existing FCRPS.  The decline was roughly proportional to the increased direct mortality suffered by smolts during downstream migration through the completed system.  Direct smolt mortality has decreased considerably over the past 2 decades (Williams et al. 2001, 2005) coincidental with structural improvements at dams and institution of operational procedures designed to enhance survival (Williams and Matthews 1995).  However, despite the substantial gains realized in direct smolt survival, adult return rates of Snake River spring/summer Chinook salmon have not increased to levels that occurred prior to dam construction (Williams et al. 2005).  


One of the most important and enigmatic questions currently facing the region is whether or not migration through the FCRPS, as currently configured, causes mortality to anadromous salmonid smolts that is not expressed until after they have left the system.  Latent mortality related to the hydropower system was hypothesized during the regional plan for analyzing and testing hypotheses (PATH) process (referred to as “extra mortality” in PATH) to explain the greater decrease in productivity estimated for Snake River basin spring/summer Chinook salmon populations than for populations downstream of McNary Dam after construction of John Day, Lower Granite, Little Goose, and Ice Harbor Dams (Schaller et al. 1996).  Evidence from spawner and recruit data indicated that productivity declined more for upriver stocks--which were most affected by hydropower development--and this reduction occurred primarily after completion of the three final dams on the Snake River.  Further, the differential decline was greater than could be explained by differences in direct mortality caused by the additional dams.  Schaller et al. (1999) argued there was little evidence that factors unrelated to the FCRPS could account for the differences in productivity and survival between upstream and downstream stocks.  On the other hand, Zabel and Williams (2000), Hinrichsen (2001), and Williams et al. (2005) questioned this conclusion and provided evidence that several other factors could at least be partially responsible for the observed differences in productivity between salmon populations from the two areas.  The scientific debate surrounding this issue will continue unresolved in the absence of experimental data.


Over the last 30 years, considerable effort has focused on measuring the direct mortality that occurs during migration through various reaches of the FCRPS.  However, there have been no experiments expressly designed to quantify latent effects associated with hydropower system passage. The research detailed in this proposal is designed to address the lack of specific information in this important area.  We propose to use smolt-to-adult return rates (SAR) of PIT-tagged yearling Chinook salmon smolts exposed to two different migrational experiences within the FCRPS to test the hypothesis of hydropower system-related latent mortality.
C. Rationale and significance to regional programs

 SEQ CHAPTER \h \r 1
The goal of this study is to determine whether migration through Snake River dams and reservoirs causes latent mortality in Snake River yearling Chinook salmon.  Specifically, the study will determine if life-cycle survival downstream from McNary Dam is significantly higher for yearling Chinook salmon released into the Ice Harbor Dam tailrace than for counterparts which must pass three additional dams and reservoirs after release into the Lower Granite Dam tailrace. 


Whether or not migration through the FCRPS, as currently configured, causes mortality to anadromous salmonid smolts that is not expressed until after they have left the system is one of the most important questions currently facing the region.  Experimentation is required to confirm or refute this hypothesized latent mortality.  If it is real, a precise estimate of its magnitude is essential, for example, to determine the degree to which dam removal would increase life-cycle survival.


 SEQ CHAPTER \h \r 1Research designed to address the hypothesis of latent mortality resulting from downstream migration through dams was specifically addressed in Reasonable and Prudent Alternative 195 of the 2000 FCRPS Biological Opinion (BiOp) for operation of the Federal Columbia River Hydropower System (FCRPS), in the Council’s 2000 Fish and Wildlife Program, in the ISRP Retrospective Report (2005-14), and in the Council’s Draft Research Plan.  The need to evaluate latent mortality was also specified in the 2004 FCRPS BiOp on Remand.  This study was considered an immediate funding priority by the Bonneville Power Administration in 2003 and received Tier 1 and high priority status during the 2003 Rolling Provincial Review Process.
D. Relationships to other projects


 SEQ CHAPTER \h \r 1Information gained in this study will be useful to judge the potential of the smolt transportation program to recover these salmon stocks.   SEQ CHAPTER \h \r 1The study will also provide ancillary data that may be useful for other comparisons.  For example, many study fish will undergo single or multiple bypass events.  SARs of fish with different detection histories can be compared to one another and possibly improve our understanding of the patterns of mortality for these fish (Williams et al. 2005).  These types of analyses are specifically called for by RPA 189 of the 2000 BiOp.  Instructive comparisons between fish from this study and transported and non-transported fish from other studies might also be possible.


This study will also provide additional PIT-tagged fish to improve the precision of inriver survival estimates for hatchery Chinook salmon (estimated by BPA project 199302900).  The larger sample sizes will produce highly precise estimates of inriver survival which can be incorporated into Performance Standard tests as outlined in the 2000 BiOp.  Further, the hatchery Chinook salmon PIT-tagged and released for this study will serve as the comparison group for a U.S. Army Corps of Engineer’s funded comparative performance study between acoustic and PIT-tagged fish (SPE-P-06-2).

Juvenile study fish will be sampled and marked simultaneously with wild yearling Chinook salmon and steelhead that are currently being sampled and marked for the U.S. Army Corps of Engineer’s long-term transportation research program (TPE-W-04-1) and for inriver survival (Project 199302900) at Lower Granite Dam.  Study hatchery Chinook salmon will be acquired from the same sample of fish that are currently being handled and sorted at the dam in order to acquire sufficient numbers of wild Chinook salmon and steelhead for transport and survival research tagging requirements.  Conducting all three studies simultaneously from the same facility will allow us to tag sufficient numbers of smolts for all studies without the need to handle additional fish or increase sampling.  
E. Project history (for ongoing projects) 


This project began in 2004 with the planning and design process that was necessary prior to construction of a highly technical and complex smolt marking facility in a remote area at Lower Granite Dam on the Snake River.  The new facility was constructed in winter/early spring 2005 and the first juvenile test groups were PIT tagged and released that same spring.  Tagging goals in 2005 were not met due to unforeseen delays in facility construction which delayed the beginning of fish marking until 2 May.  A few days after marking was initiated, the Snake River became exceptionally turbid for several days because of severe rainstorms in the area.  This situation resulted in a very high proportion of the smolt migration moving past the dam in a short time period, leaving few fish to tag after the turbidity decreased.  In 2006, approximately 2/3 (191,705/301080) of the targeted sample size was successfully tagged and released.  Again, high turbidity in the early half of the outmigration affected fish movement and densities in the facility.  Hatchery steelhead normally don’t pass the dam in massive numbers until the first week of May.  Due to the high turbidity already existent (because of a strong run-off of snowmelt) when the steelhead were released, they immediately moved downriver.  This resulted in our having to handle very large numbers of steelhead during the entire study marking period instead of just the last week of the study, reducing the number of hatchery Chinook salmon we could process.  We will again attempt to PIT tag and release sufficient numbers of test fish in springs, 2007, and 2008.  We plan to modify our equipment to allow removal of hatchery steelhead before they have to be sorted in the tagging facility.  This will allow us to process more fish if similar fish passage patterns exist in these years.  We are also considering switching the days we mark the three groups to allow us longer marking days.  Our current marking schedule is limited on trucking days because of limitations on how long the truck drivers are allowed to work on any given day.  By marking our two transport groups on non-trucking days, and holding them overnight, we can tag for a longer period each day.
F. Proposal biological objectives, work elements, and methods

 SEQ CHAPTER \h \r 1Objective:  Determine if passage through three Snake River dams and reservoirs results in latent mortality in spring/summer Chinook salmon smolts.

We will mark sufficient numbers of hatchery yearling Chinook salmon smolts at Lower Granite Dam to test the null hypothesis (Ho):  Migration though Snake River dams and reservoirs does not cause latent mortality compared to fish that do not migrate through the dams; that is, after accounting for difference in direct mortality, SAR for the group that migrated through Snake River dams is at least as high as for the group that did not.  We will test this by comparing the SARs of Snake River yearling Chinook salmon (smolts detected at McNary Dam and adults detected at Bonneville Dam) from a group of smolts migrating from the Ice Harbor Dam tailrace compared to two groups of smolts migrating from the Lower Granite Dam tailrace. 

Task 1:

PIT tag hatchery-reared yearling Chinook salmon smolts at Lower Granite Dam and assign them randomly to three treatment groups.  Transport one group by truck for release into the Ice Harbor Dam tailrace; transport the second group by truck an equal amount of time in the vicinity of Lower Granite Dam prior to release into the Lower Granite Dam tailrace; release the third group directly into the Lower Granite Dam tailrace without having been transported by truck.  Record PIT tags from all groups detected during passage through the bypass system at McNary Dam.

We propose to mark and release 10 discrete groups of study fish over roughly 20-25 days beginning about 20 April.  Study fish will represent the composite population of hatchery-reared yearling Chinook salmon smolts (not previously marked) collected at Lower Granite Dam.  As in the past, all handling/marking will be done using preanesthesia techniques that have shown to greatly reduce the stress associated with this procedure (Matthews et al. 1997).  After the fish are anesthetized, they will be gravity-transferred in water into the sorting building as is done at the primary fish-sampling facilities at other dams.  Study fish will be randomly assigned for PIT tagging into one of the three study groups.  Fish markers will be rotated among tagging stations hourly.  After tagging, fish in the two transported study groups will be gravity-transferred in water directly to their respective trucks for transport.  One of these study groups will be transported and released below Ice Harbor Dam and the other will be transported an equal amount of time in the vicinity of Lower Granite Dam before eventually being released in the Lower Granite Dam tailrace.   The third study group will be released into the Lower Granite Dam tailrace without having been transported. 


The use of two release groups in the tailrace of Lower Granite Dam (trucked and released and released directly without trucking) is necessary to separate potential affects of trucking from those of a differing number of dams passed, as recommended by the ISRP in their initial review of this study.  Without the two Lower Granite Dam release groups, differences in SARs between the Lower Granite Dam and Ice Harbor Dam releases (or lack thereof) might be explained by the fact that only the group released in the tailrace of Ice Harbor dam was trucked (if only the Lower Granite Dam direct release were used), or if using just the trucked release group for the Lower Granite Dam tailrace release, that comparison of the Ice Harbor and Lower Granite Dam tailrace release groups was compromised by the common trucking experience.

 Analyses will be based on the proportion of fish from each group detected as smolts at McNary Dam that return as adults to Bonneville Dam.  That is, outcomes of interest are smolt-to-adult-return rates, SARLGR for fish released into Lower Granite Dam tailrace and SARIHR for those released in Ice Harbor Dam tailrace, calculated from smolts counted at McNary Dam and adults counted at Bonneville Dam.  


The study will be replicated for a minimum of 3 years.  Evaluation will be based on annual ratios of adult return rates: SARLGR/SARIHR (L/I).  An L/I ratio significantly less than 1.0 indicates significant latent mortality for fish that passed through the hydropower system between Lower Granite and Ice Harbor Dams.  Sample sizes will be set such that each year we will have an 80% probability ( = 0.20) of detecting a significant difference from 1.0 using a one-sided hypothesis test at the 0.05 significance level () if the true L/I is equal to 0.80 (i.e., survival decreased by 20% for fish released at Lower Granite Dam) and SARIHR is at least 1.5% (see below).  The adult return rate of the third group, SARLGN, will be compared to the SARLGR to determine if the act of transporting the fish had an effect.  An SARLGR / SARLGN ratio significantly less than 1.0 indicates a significant effect of transporting fish by truck.

Schaller et al. (1999) compared the performance of yearling Chinook salmon stocks originating in areas above and below the majority of the FCRPS for brood years 1957-1990.  Their analyses suggested that after accounting for differences in direct mortality during downstream migration through the FCRPS, Snake River yearling Chinook salmon stocks experienced additional, or “extra,” mortality between 37% and 68% compared to downriver stocks.  Moreover, extra mortality (which we refer to here as latent mortality) apparently increased substantially during the most recent period from 1984-1990 (Marmorek and Peters 1998, Budy et al. 2002). 


The 37-68% additional latent mortality for Snake River stocks compared to downriver stocks equates to L/I ratio between 0.32 and 0.63.  We have planned sample sizes for this study to detect a smaller amount of latent mortality (20%), or an L/I ratio of 0.80.  If latent mortality for our upriver release group is greater, L/I will be smaller, and our power to detect the difference will be greater.


SARs of PIT-tagged Snake River hatchery spring/summer Chinook salmon to Lower Granite Dam have increased substantially over the last several years, and indications suggest that higher SARs can be expected to continue into the near future.  For example, for PIT-tagged smolts bypassed at Lower Granite Dam in 1997 and 1998, SARs (based on adult returns to Lower Granite Dam) were 0.70% and 0.74%, respectively.  For the smolts bypassed in 1999 and 2000, SARs were 1.98% and 1.79%, respectively.  In this study, SARs will be computed from smolts counted at McNary Dam and adults counted at Bonneville Dam.  To compute sample sizes, we will assume that this SAR will be at least 1.5% for smolts released in Ice Harbor Dam tailrace.

Required sample sizes are derived by determining the required precision around the estimated L/I such that the one-sided confidence interval on the true L/I will not contain the value 1, or the confidence interval on the true natural-log-transformed L/I, LN(L/I), will not contain 0.  If the confidence interval excludes 1.0, then we reject the null hypothesis that the true value is 1.0. Therefore, for a desired α and β and specified true L/I, the number of fish needed can be determined in the following manner.  


Sample sizes are needed such that:  

LN(L/I) - (tα + tβ)*SE(LN(L/I)) 0

where SE(LN(L/I))SQRT(1/nI + 1/nL) = SQRT( 2/n), where nI = nL = n is the number of adult returns per treatment (n for Ice Harbor Dam and Lower Granite Dam tailrace groups set equal for simplicity).  The previous two statements imply that the required number of adults is: 

n 2*(tα + tβ)2/ [LN(L/I)]2.

As described above, we selected α = 0.05, β = 0.20, and an expected SARIHR of at least 1.5%.  Sample sizes needed at McNary Dam are listed as follows (N denotes the number of juveniles):

True L/I       n                 NI
    NL =NI/(L/I)                   NTotal
_______________________________________________________________

0.80
      249            16,600         20,750                        37,350

_______________________________________________________________


The above calculations give the number of juveniles required at McNary Dam in each group.  These samples are obtained by releasing tagged fish upstream and counting the number detected at McNary Dam.  Because mortality will occur before our release groups arrive at McNary Dam, and because we detect only a portion of the fish arriving, this will require the release of greater numbers of tagged fish to provide the required numbers in our samples.  To determine the total tagging requirement, we assumed probabilities of survival to McNary Dam and of detection at the dam for the three study groups.


Based on survival estimates from previous years, we assumed survival probabilities from Ice Harbor Dam tailrace to McNary Dam and Lower Granite Dam tailrace to McNary Dam at 0.93 and 0.72, respectively.  In 2000, the detection probability in the collection system at McNary Dam for yearling Chinook salmon smolts was 0.3.  Therefore, we will conservatively assume a detection probability of 0.25 for study smolts passing McNary Dam.  Thus, to realize the necessary number of study fish detected at McNary Dam will require releasing approximately 71,475 fish (16,600/0.929/0.25) into the Ice Harbor Dam tailrace and 114,799 fish (20,750/0.723/0.25) into the Lower Granite Dam tailrace.  We will also mark an additional 114,799 non-transported fish that will be released directly into the Lower Granite Dam tailrace to control for potential transport effects for a total tagging requirement of 301,073 fish.

If we are unable to tag sufficient numbers of smolts at Lower Granite Dam, or if SARs for all groups are lower than expected, we can use an alternative method of calculating SARs that requires far fewer (about 1/3) fish.  This would be accomplished by estimating the numbers of smolts arriving at McNary Dam for each release group rather than using the observed number.  Although we can accurately and precisely estimate smolt survival between Lower Granite and McNary Dams (Williams et al. 2005), using this method does add additional uncertainty by using estimated rather than known numbers of smolts used in the SAR estimates.

Task 2:

Recover adult study fish at Bonneville Dam and analyze data. 


Bonneville Dam will serve as the principal adult recovery site for this study.  Using this site for adult recovery will maximize study SARs by avoiding upstream passage mortality and mainstem fisheries above the dam.  Data acquired from other areas will be considered ancillary.  To analyze results, statistical tests will be applied when adult returns for the study are complete.  Each year, the study will provide a seasonal L/I estimate.  Confidence intervals for L/I will be calculated using a back-transformation of the confidence interval on the natural logarithm of the ratio (survival) estimate and its associated empirical variance (Burnham et al. 1987
):
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Work Element Names and Titles
1.  Element Name:  Produce Environmental Compliance Documentation

     Element Title:    Produce Environmental Compliance Documentation

2.  Element Name:  Submit/Acquire Data
     Element Title:    Detect Study Fish
3.  Element Name:  Mark/Tag Animals

     Element Title:    Tag and Release Juvenile Study Fish

4.  Element Name:  Analyze/Interpret Data

     Element Title:    Analyze Adult Recovery Data

5.  Element Name:  Produce Annual Report

     Element Title:    Prepare Annual Report

6.  Element Name:  Produce Pisces Status Report

     Element Title:    Four Quarterly Status Reports

7.  Element Title:    Manage and Administer Project

     Element Title:    Manage Project

G. Facilities and equipment 


Coordination with U.S. Army Corps of Engineer’s operations will be required at Lower Granite Dam for smolt sampling and marking and use of marking facilities.  The study will also require the use of two Corps of Engineer’s fish transport trucks (3,500 gallon capacity).  Coordination with projects will be required to set up smolt release facilities at both dams.  PIT-tag detections are automatic as smolts pass through the collection system at McNary Dam and adults pass through the detection systems in the fish ladders at Bonneville Dam.
Tagging will occur in our facility built for tagging large numbers of fish.  This facility has a fish pump for moving fish from a collection raceway to a pre-anesthetic tower.  The tower has a dual-chambered pre-anesthetic system that feeds fish into the tagging facility’s two sorting stations.  Non-targeted fish are returned to a transport raceway while targeted fish are sent to one of ten tagging stations.  Depending on the group(s) being marked on a given day, after a fish is tagged it is either sent to a holding tank to await release the next day or sent to a waiting truck for transport.  The sorting and tagging station troughs are fed by one of three re-circulating anesthetic systems.  Each system has its own 100 and 25 micron filters, UV light sterilization system, and chiller.  Because the UV light system is less effective when large numbers of fish enter the troughs, we use one of the re-circulating systems for the two sorting stations, one re-circulating system for tagging stations where hatchery fish are being tagged, and the third re-circulating system for tagging stations were wild fish are being tagged.
H. References  

 SEQ CHAPTER \h \r 1Budy, P., G. Thiede, N. Bouwes, C. Petrosky, and H. Schaller.  2002.  Evidence linking delayed mortality of Snake River salmon to their earlier hydrosystem experience. N. Amer. J. Fish. Mgmt.  22:35-51.

Hinrichsen, R. A.  2001.  The importance of influence diagnostics: examples from Snake River Chinook salmon spawner-recruit models.  Can. J. Fish. Aquat. Sci.  58:551-559.

Marmorek, D. R., and C. N. Peters (eds.).  1998.  PATH Weight of evidence report.  Prepared by ESSA Technologies, Ltd., Vancouver, B.C.  104 pp. and appendices.

Matthews, G. M., N. N. Paasch, S. Achord, K. W. McIntyre, and J. R. Harmon. 1997.  A technique to minimize the adverse effects associated with handling and marking salmonid smolts.  Prog. Fish Cult.  59:307-309.

Raymond, H. R.  1979.  Effects of dams and impoundments on migrations of Chinook salmon and steelhead from the Snake River, 1966-1975.  Trans. Am. Fish. Soc. 90:58-72.

Schaller, H. A., C. E. Petrosky, and O. P. Langness.  1996.  Contrasts in stock recruitment patterns of Snake and Columbia River spring and summer Chinook.  In Plan for analyzing and testing hypotheses (PATH): final report of retrospective analysis for fiscal year 1996.  Compiled and edited by D. R. Marmorek and coauthors.  ESSA Technologies, Ltd., Vancouver, B.C.

Schaller, H. A., C. E. Petrosky, and O. P. Langness.  1999.  Contrasting patterns of productivity and survival rates for stream-type Chinook salmon (Oncorhynchus tshawytscha) populations of the Snake and Columbia Rivers.  Can. J. Fish. Aquat. Sci.  56:1031-1045.

Williams, J. G., S. G. Smith, and W. D. Muir.  2001.  Survival estimates for downstream migrant yearling juvenile salmonids through the Snake and Columbia Rivers Hydropower System, 1966-1980 and 1993-1999.  N. Am. J. Fish. Mgmt. 21:310-317.

Williams, J. G. and G. M. Matthews.  1995.  A review of flow and survival relationships for spring and summer Chinook salmon, Oncorhynchus tshawytscha, from the Snake River basin.  Fish. Bull. 93:732-740.

Williams, J. G., S. G. Smith, R. W. Zabel, W. D. Muir, M. D. Scheuerell, B. P. Sandford, D. M. Marsh, R. McNatt, and S. Achord.  2005.  Effects of the federal Columbia River power system on salmon populations.  NOAA Tech. Mem., NMFS-NWFSC-63.
Zabel, R. W., and J. G. Williams.  2000.  Comments on “contrasting patterns of productivity and survival rates for stream-type Chinook salmon (Oncorhynchus tshawytscha) populations of the Columbia and Snake rivers” by Schaller et al. (1999).  Can. J. Fish. Aquat. Sci.  57:1739-1741.
I. Key personnel

Project Manager--William D. Muir
Principal Investigator/Project Leader--Douglas M. Marsh

Biometricians—Steven G. Smith, Benjamin P. Sandford
William D. Muir, Supervisory Fisheries Research Biologist.  B.S. (1977) and M.S. (1991) in Biology, Portland State University.  National Marine Fisheries Service, Fish Ecology Division (1978 to present).  Mr. Muir has worked as a Research Fisheries Biologist for the National Marine Fisheries Service for more than 27 years, working primarily on juvenile salmonid behavior and migration throughout the Columbia River Basin.  He has participated in juvenile salmonid research in the Columbia River estuary (distribution, movement, food habits, interactions with other species), at Snake and Columbia River Dams (fish guidance studies, bypass evaluations, behavioral and physiological status of smolts and their effects on fish guidance), at hatcheries (homing studies, photoperiod and temperature manipulation studies and their effect on migration and survival, time of ocean entry), and most recently on reach survival studies. He is the Project Manager for this project.  10% of time dedicated to this project.

Recent Publications related to juvenile salmon migration and survival.

Muir, W.D., D. M. Marsh, B. P. Sandford, S. G. Smith, and J. G. Williams.  In press.  Post-hydropower system delayed mortality of transported Snake River stream-type Chinook salmon:  Unraveling the mystery.  Transactions of the American Fisheries Society.
Hockersmith, E.E., W.D. Muir, S.G. Smith, B.P. Sandford, R.W. Perry, N.S. Adams, and D.W. Rondorf.  2003.  Comparison of migration rate and survival between radio-tagged and PIT-tagged migrant yearling Chinook salmon in the Snake and Columbia Rivers.  North American Journal of Fisheries Management 23:404-413.

Muir, W. D., S. G. Smith, J. G. Williams, E. E. Hockersmith, and J. R. Skalski.  2001.  Survival estimates for PIT-tagged migrant juvenile chinook salmon and steelhead in the lower Snake River, 1993-1998.  North American Journal of Fisheries Management 21:1-14.

Muir, W. D., S. G. Smith, J. G. Williams, and B. P. Sandford.  2001.  Survival of juvenile salmonids passing through bypass systems, turbines, and spillways with and without flow defectors at Snake River dams.  North American Journal of Fisheries Management 21:135-146.

Muir, W.D., A.E. Giorgi, and T.C. Coley. 1994. Behavioral and physiological changes in yearling chinook salmon during hatchery residence and downstream migration. Aquaculture, 127:69-82. 

Dr. Steven G. Smith, Statistician.  B.S. (1985) in Computer Science, Utah State University;  M.S. (1987) in Biostatistics, and Ph.D. (1991) in Quantitative Ecology and Resource Management, University of Washington.  National Marine Fisheries Service, Fish Ecology Division (1994 to present).  Manages data, performs analyses, and writes reports.  Dr. Smith has worked as a Mathematical Statistician for the National Marine Fisheries Service since 1994, during which time his principal responsibility has been management and analysis of PIT-tag data.  He was previously a graduate student and then professional staff member at the University of Washington (1987-1994), where he developed statistical models for capture-recapture and computer software (SURPH) to implement them.  10% of time dedicated to this project.

Recent Publications related to juvenile salmon migration and survival.

Conner, W. P., S. G. Smith, T. Anderson, S. M. Bradbury, D.C. Burum, E. E. Hockersmith, M.L. Schuck, G. W. Mendal, and R. M. Bugert.  2004.  Postrelease performance of hatchery yearling and subyearling fall Chinook salmon released into the Snake River.  North American Journal of Fisheries Management 24:545-560.

Smith, S. G., W. D. Muir, J. G. Williams, and J. R. Skalski.   2002.  Factors associated with travel time and survival of migrant yearling chinook salmon and steelhead in the lower Snake River.  North American Journal of Fisheries Management 22:385-405.

Smith, S.G., W.D. Muir, E.E. Hockersmith, R.W. Zabel, R.J. Graves, C.V. Ross, W.P. Conner,  and B.D. Arnsberg.  2003.  Influence of river conditions on survival and travel time of Snake River fall Chinook salmon.  North American Journal of Fisheries Management 23:939-961.

Smith, S. G., J. R. Skalski, W. Schlechte, A. Hoffmann, and V. Cassen.  1994.  Statistical Survival Analysis of Fish and Wildlife Tagging Studies.  SURPH.1 Manual.  (Available from Center for Quantitative Science, Box 355230, University of Washington, Seattle, WA 98195.)

Sandford, B.P., and S.G. Smith.   2002.  Estimation of smolt-to-adult return percentages for Snake River Basin anadromous salmonids, 1990-1997.  Journal of Agricultural, Biological, and Environmental Statistics 7(2):243-263.

Douglas M. Marsh, Research Fishery Biologist.  B.A. (1977) in zoology, Miami University.  Doug Marsh has worked at the NWFSC since 1990. He has participated in studies of wild Chinook salmon migration patterns and evaluation of new salmonid bypass facilities at Lower Monumental and McNary dams. He is currently involved in studies that evaluate the effects of smolt transportation from hydroelectric projects on the Snake and Columbia rivers. He is also the NOAA Fisheries representative on the steering committee that oversees implementation of PIT-tag technology in the Columbia River basin.  He supervises the PIT tagging at Lower Granite Dam for survival studies.  80% of his time is dedicated to this project.
Recent Publications related to juvenile salmon migration and survival.

Williams, J. G., S. G. Smith, R. W. Zabel, W. D. Muir, M. D. Scheuerell, B. P. Sandford, D. M. Marsh, R. McNatt, and S. Achord.  2005.  Effects of the federal Columbia River power system on salmon populations.  NOAA Tech. Mem., NMFS-NWFSC-63.
Wagner, T., J. L. Congleton, D. M. Marsh. 2004. Smolt-to-adult return rates of juvenile chinook salmon transported through the Snake-Columbia River hydropower system, USA, in relation to densities of co-transported juvenile steelhead. Fisheries Research, 68:259-270.
Marsh, D. M., G. M. Matthews, S. Achord, T. E. Ruehle, and B. P. Sandford.  1999.  Diversion of salmonid smolts with Passive Integrated Transponders from an untagged population passing through a juvenile collection system.  North American Journal of Fisheries Management 19:1142-1146.

Achord, S., G. M. Matthews, O. W. Johnson, D. M. Marsh. 1996. Use of passive integrated transponder (PIT) tags to monitor migration timing of Snake River chinook salmon smolts. North American Journal of Fisheries Management, 16:302-313.

Benjamin P. Sandford, Statistician.  B.S. (1986) in Mathematics, Central Washington University;  M.S. (1988) in Statistics, Oregon State University.  National Marine Fisheries Service, Fish Ecology Division (1988 to present).  Manages data, performs analyses, writes reports, assist with field research.  Mr. Sandford has worked as a Mathematical Statistician for the National Marine Fisheries Service since 1988.  He has been responsible for study design, database management, and data analyses for multiple Fish Ecology Division studies annually, focusing on data obtained from PIT-tag and radio-tag technologies.  10% of his time is dedicated to this project.

Recent Publications related to juvenile salmon migration and survival.
Muir, W.D., D. M. Marsh, B. P. Sandford, S. G. Smith, and J. G. Williams.  In press.  Post-hydropower system delayed mortality of transported Snake River stream-type Chinook salmon:  Unraveling the mystery.  Transactions of the American Fisheries Society.
Sandford, B.P., and S.G. Smith.   2002.  Estimation of smolt-to-adult return percentages for Snake River Basin anadromous salmonids, 1990-1997.  Journal of Agricultural, Biological, and Environmental Statistics 7(2):243-263.


Marsh, D. M., G. M. Matthews, S. Achord, T. E. Ruehle, and B. P. Sandford.  1999.  Diversion of salmonid smolts with Passive Integrated Transponders from an untagged population passing through a juvenile collection system.  North American Journal of Fisheries Management 19:1142-1146.

Giorgi, A. E., D. R. Miller, and B. P. Sandford.  1994.  Migratory characteristics of ocean-type chinook salmon, Oncorhynchus tshawytscha, in John Day Reservoir on the Columbia River.  Fishery Bulletin 92:872-879.

























FY 2007-09 Project Selection, Section 10
1

_1214376046.unknown

_1214376657.unknown

_1214375960.unknown

