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a. Abstract 
Project 8910700 was initiated in 1989 to improve monitoring and evaluation capabilities of the Columbia River Fish and Wildlife Program (FWP) by developing better measurement tools and study designs to evaluate relationships between ambient environmental conditions and the survival of juvenile and adult salmonids.  Orginally, this project was entitled, “Epidemiological survival methods:  Development of survival relationships using concomitant variables measured from individual smolts implanted with PIT-tags.”  After survival studies using PIT-tags applying the methods developed through this project were initiated in 1993, and survival studies using other tagging methods were initiated, the title evolved to become “Statistical support for salmonid survival studies,” to better characterize its role in supporting the Columbia River FWP.  

Throughout its history, this project has provided statistical support and guidance on the design and analysis of PIT-tag survival studies to the Northwest fisheries community.  This project also provides regional support for balloon-tag radiotelemetry and acoustic-tag survival studies in an effort to reduce sample sizes of ESA stocks and provide more detailed survival and passage data.  Estimators of smolt and adult salmon survival rates are developed using maximum likelihood methods and generalized least-squares regression models based on release-recapture theory.  Tests of survival hypotheses and estimation of survival relationships are based on state-of-the-art statistical analyses devised specifically to assess relationships within the capture data.  Statisical software (e.g., SURPH.1, SURPH.2, SURPH 2.1, USER 1.0, USER 2.0) are developed and distributed to the fisheries community to support ongoing survival investigations (see http://www.cbr.washington.edu/analysis.html under Parameter Estimation).  The ultimate outcome of increased passage survival through the hydrosystem depends upon the effectiveness of these survival measures to monitor migration success, investigate river management decisions, and to provide baseline information to evaluate future mitigation options.  Monitoring and evaluation of products comes from annual evaluations performed by the contractor, direct users of the statistical software products, e.g., National Marine Fisheries Service, US Geological Survey, and other regional entities, and independent scientific peer reviews of papers and reports.

b. Technical and/or scientific background
The Pacific Northwest tags more fish and spends more money on fish tagging programs than anywhere else in the world.  Tens of millions of dollars are spent tagging and conducting tagging studies annually, often with inadequate attention to study requirements, or the precision or validity of the data analyses.  Nevertheless, the results of the tagging studies are at the heart of the monitoring and evaluation of salmon recovery in the Columbia Basin.  
The ongoing mission of Project 198910700 is the development of statistical tools for analyzing fisheries tagging data in the most precise and appropriate manner possible.  This mission also includes providing statistical guidance on the best ways to design large-scale tagging studies.  This mission continues because the technologies for conducting fish tagging studies continuously evolve.  In just the last decade, fisheries biologists have seen the evolution from freeze-brands and coded wire tags (CWT) to passive integrated transponder (PIT) tags, balloon-tags, radiotelemetry, and now, acoustic-tags. With each advance, the technology holds the promise of more detailed and precise information.  However, the technology for analyzing and interpreting the data also becomes more complex as the tagging techniques become more sophisticated.  The goal of the project is to develop the analytical tools in parallel with the technical advances in tagging studies, so that maximum information can be extracted on a timely basis.  Associated with this mission is the transfer of these analytical capabilities to the field investigators to assure consistency and the highest levels of design and analysis throughout the fisheries community.  Consequently, this project provides detailed technical assistance on the design and analysis of tagging studies to groups requesting assistance throughout the fisheries community.
Ideally, each project and each investigator would invest in the statistical support needed for the successful completion of their study.  However, this is an ideal that is rarely if every attained.  Furthermore, there is only a small pool of highly trained scientists in this specialized area of tag analysis here in the Northwest.  Project  198910700 provides the financial support to sustain this local expertise on the statistical theory of tag analysis at the University of Washington and make it available to the fisheries community.  Piecemeal and fragmented support from various agencies and organizations would be incapable of maintaining a center of expertise.  This funding assures the continuity of support needed to assist organizations on an as-needed basis, as well as provide the necessary support to develop the analytical technologies needed in the foreseeable future.  

c. Rationale and significance to Regional Programs

This project responds to the changing needs of the scientific community in the Pacific Northwest as they face new challenges to extract life history data from an increasing variety of fish tagging studies.  The mission of this project is to help assure fish tagging studies are designed and analyzed from the onset to extract the best available information using state-of-the-art statistical methods.  In so doing, investigators can focus on the management implication of their findings and not become distracted by concerns whether the statistical analyses are valid or not.


This project continues to assist the fisheries community in every basin and every geographic area where fish tagging studies are conducted.  The statistical methods developed by the project to design and analyze tag-recapture studies have applications to every salmonid stock, both hatchery and wild, that are monitored with releases of tagged fish.  The project has developed statistical methods to design and analyze CWT, PIT-tag, balloon-tag, radio-tag, and acoustic-tag releases.  These tagging methods encompass life stages from juvenile to adult, from downriver to upriver migration, from acute to chronic mortality effects, from hatchery to wild stocks, and from releases of hundreds to hundreds of  thousands of tagged fish.  The program serves as a vanguard in the development of regional capabilities to perform efficient and cost-effective tagging studies in order to provide timely and sound information to resource managers.

The specific goals and objectives of the program are as follows:

1. Provide consistent application of statistical methodologies for survival estimation across all salmon life cycle stages to assure comparable performance measures and assessment of results through time, to maximize learning and adaptive management opportunities, and to improve and maintain the ability to responsibly evaluate the success of implemented Columbia River FWP salmonid mitigation programs and identify future mitigation options.

2. Improve analytical capabilities to conduct research on survival processes of wild and hatchery chinook and steelhead during smolt outmigration to improve monitoring and evaluation capabilities and assist in-season river management to optimize operational and fish passage strategies to maximize survival.

3. Extend statistical support to estimate ocean survival and in-river survival of returning adults when adult detection facilities are in place.  

4. Develop statistical methods for survival estimation for all potential users and make this information available through peer-reviewed publications, statistical software, and technology transfers to organizations such as the National Marine Fisheries Service, the Fish Passage Center, the US Fish and Wildlife Service, the US Army Corps of Engineers, US Geological Survey, Mid-Columbia PUDs, tribal biologists, and other members of the Northwest fisheries community.

5. Provide and maintain statistical software and user support for researchers throughout the Pacific Northwest.

6. Provide improvements in statistical theory and software as requested by user groups to address the changing scientific needs of the fisheries community.

These improvements include extending software capabilities to address new research issues, adapting tagging techniques to new study designs, and extending the analysis capabilities to new technologies such as radio-tags and acoustic-tags.

d. Relationships to other projects 
 
The Northwest Power Planning Council (NWPPC) states as one of the planning assumptions in their Columbia River Basin Fish and Wildlife Program (CRBFWP) that, “Survival in the natural river should be the baseline against which to measure the effectiveness of other passage methods.”  The NWPPC goes on to identify eight different strategies to accomplish the biological objectives of CRBFWP.  The Council calls for “measures that provide for improved survival of fish at hydroelectric facilities and for flows of sufficient quality and quantity to improve production, migration and survival” in their section on Hydrosystem Power and Operations.  In that section, the Council also recommends “installation of (adult) PIT-tag detectors” and “more emphasis on monitoring and evaluation.”  Under Ocean Conditions, the Council recommends as a primary strategy, to “identify the effects of ocean conditions on anadromous fish,” and that the “conditions salmon face in the ocean can suggest which factors will be most critical to survival.”


This program is responsive to the Council needs for providing the statistical assistance needed to design and analyze fish tagging studies to estimate survival through all the various life stages of salmon and steelhead.  This project was instrumental in initiating juvenile PIT-tag studies in the Snake/Columbia River beginning in 1993 in collaboration with the National Marine Fisheries Service (NMFS).  In 2001, this study continues in collaboration with NMFS and the Pacific States Marine Fisheries Commission (PSMFC) in evaluating adult PIT-tag facilities, and planning ocean and upriver adult survival studies.  This program is also assisting investigators in adapting radio-tags to estimate juvenile and adult survival and acoustic-tags to investigate survival during juvenile outmigration and in the near shore environments.  Over 21 technical reports and 14 scientific papers have been produced by this project to disseminate scientific knowledge on the design and analysis of tagging studies.


A major aspect of this program has also been the development of statistical software to assist fisheries investigators with analyzing tagging studies.  Technology transfer from this program also includes advising and counseling with individual investigators and agencies on conducting survival studies.


This project has provided technology transfer on smolt survival analyses to a variety of organizations, including:  (a) NMFS; (b) the US Geological Survey laboratory at Cook, Washington; (c) US Fish and Wildlife Service; (d) US Army Corps of Engineers, Walla Walla and Portland Districts; (e) Nez Perce Indian Nation; (f) Independent Scientific Advisory Board; (g) Washington Department of Fish and Wildlife; (h) Grant County Public Utility District (PUD); (i) Chelan County PUD; (j) Douglas County PUD.


The studies this project has provided support in the form statistical guidance on the design and/or analyses or technology transfer to have covered hydroprojects and hatcheries across the Columbia River Basin.  These survival studies have generated the foundation for most of the current information on smolt survival.  These findings include:

1. Information on smolt travel time - survival relationships.

2. Survival rates for subyearling and yearling chinook salmon and steelhead smolts throughout the Columbia Basin, 1993-2001

3. Information on river flow/temperature – smolt survival relationships.

4. Comparisons of hatchery and wild chinook and steelhead smolt survival.

5. Comparison of smolt survival across 9 years and 5-8 river reaches.

6. Baseline of juvenile survival data for comparison with potential mitigation practices in years to come.

7. Baseline of juvenile survival for eventual assessment of compliance with RPA recovery standards.

8. Information of fish guidance efficiency (FGE) and spill effectiveness (SE) relationships at Snake/Columbia River dams.

9. Season-wide estimates of smolt survival.

10. Route-specific survival and passage probabilities through bypass, spillways, and turbine units at hydroelectric projects.

11. Comparison of turbine passage survival and turbine operating efficiency.

12. Relationship between ocean conditions and first-year survival of coastal coho and fall chinook salmon stocks in Washington and Oregon.

In the near future, this program will be contributing to studies of adult PIT-tag returns to estimate ocean survival and survival during upriver migration.

e. Project history (for ongoing projects) 

Project 8910700 was initiated in 1989 to develop the statistical theory and methods needed to analyze smolt and adult PIT-tag survival studies. The project developed the initial study designs for the National Marine Fisheries Service (NMFS)/University of Washington (UW) Snake River survival studies of 1993-present (e.g. NMFS Project  302900) . These ongoing efforts have produced statistical software (i.e., SURPH.1, SURPH.2, SURPH 2.1, USER.1, USER.2) for UNIX- and PC-based computers which are accessible to the Columbia Basin community via the internet (.http://www.cbr.washington.edu/analysis.html).  Additional products include comprehensive user manuals for SURPH (SURvival under Proportional Hazards) and software for sample size calculations.  As the Snake River survival studies have evolved, the numerical needs for new and more descriptive data analyses have also increased. This project continues to maintain existing analysis capabilities as well as add new data analysis features at the request of program users (e.g., NMFS, USGS). As the new 134.2 kHz frequency PIT tag decoder systems come on-line, the survival methods were extended to the joint analysis of survival of both downriver smolts and returning adults. The listing of salmonid stocks under the ESA has often limited access and sample sizes needed to perform reliable survival studies.  To this end, this project has developed statistical models for the analysis of radio-tag and acoustic-tag survival studies.  These technologies have the potential of reducing required sample sizes while at the same time increase information content.  Statistical software USER.2 (User Specified Estimation Routine) was developed specifically to analyze the increasing variety of radio-tag studies of smolt and adult survival performed by regional investigators.  This project has also assisted in the development of statistical software to optimally design 2D and 3D hydrophone arrays for tracking of acoustically tagged fish.  Applications include smolt investigations at hydroprojects and eventually smolt studies in the Columbia River estuary and nearshore ocean environments.

Specific accomplishments by year include:

1989:  Developed theory to assess the relationship between smolt survival and ambient river conditions from PIT-tag release-recapture data.

1990:  Began software development for statistical analyses, and began statistical theory to assess individual covariate effects on survival.

1991:  Developed statistical models for tag analyses that simultaneously assess ambient effects and individual covariate effects.

1992:  Developed statistical software to assess the relationship between survival and group and individual covariate effects based on tag-recapture  data.  Constructed "strawman" design for development of PIT-tag facilities on  Snake/Columbia River. Developed study plan for a Snake River survival study evaluation.

1993:  Final debugging of  statistical software for PIT-tag survival analysis.  Co-principal-investigator on first Snake River PIT-tag survival studies.  Conducted first analysis of hatchery survival rates.

1994:  Released SURPH.1 statistical software for PIT-tag survival analyses along with dissemination of a user’s manual for statistical analysis of data.  Continued to support NMFS survival studies.

1995:  Produced PC version of SURPH software and sample size program to design tag-release studies. Continued to support NMFS survival studies.

1996:   Evaluated proper approaches for estimating confidence intervals in release-recapture survival studies. Developed proper statistical model to estimate survival rates of fall chinook smolt taking into account residualization. Developed statistical methods for estimating season-wide survival. Continued to support NMFS survival studies.

1997:  Developed statistical model to estimate ocean survival rates from CWT data. Developed model for time-varying (updated) covariates; to extract effects of smolt condition on in-river survival.  Began assisting Nez Perce tribe in performing survival analyses.

1998:  Developed batch analysis programs for NMFS to permit the statistical analysis of very large data sets.  Developed new unified (PC and UNIX) version of SURPH with greater model specification capabilities needed for paired-release investigations performed by NMFS in the Mid-Columbia.  Completed statistical theory for longitudinal analysis of time-varying, individual-based covariates in survival analysis.  Demonstrated feasibility of extracting precise and detailed information on smolt survival and passage rates through bypass, spillways, and turbine units at hydroprojects using radiotelemetry models.

1999:  Developed a user-specified model development tool that permits investigators to create likelihood models tailored to their evolving research needs.  The model development tool is extremely valuable in implementing radiotelemetry survival studies where fixed detection locations no longer exist but where antenna arrays can be placed in an unending number of configurations.

2000:  Released upgraded version of Program SURPH.2.  The new program has improved modeling capabilities along with the automatic ability to test model assumptions and produce more reliable confidence interval estimates based on profile likelihood methods.  The new version is particularly suited to the paired release-recapture studies ongoing in the Mid-Columbia and Lower Columbia reaches.

2001:  The user manual for Program SURPH.2 was completed.  In addition, a User Specified Estimation Route Program (USER.1) was developed that provides an extremely flexible and user-friendly environment to create statistical models for the analysis of both juvenile and adult salmonid survival studies.  Program USER.1 is extremely valuable in the design and analysis of the wide variety of radio-tag and acoustic-tag applications currently planned in the Columbia Basin.  The project also assisted NMFS and PSMFC in the evaluation of adult ladder PIT-tag detection facilities at Bonneville Dam.  Statistical software was developed to identify the optimal design for hydrophone locations in 2D and 3D tracking of acoustic-tagged fish at hydroprojects and in the estuary.

2002:  Developed new statistical methods for estimating transport/inriver ratios to account for the bias associated with low recovery rates of adults.  A new version of USER.2 was released that provides profile likelihood confidence intervals for parameters and functions of parameters.

In addition to the ongoing development of statistical theory for new applications of PIT-tags, radio-tags, acoustic-tags, and corresponding software development, the project provides extensive statistical support for Columbia River investigators conducting tagging studies.  Annually, project personnel assist state, federal, and tribal investigators with the design and analysis of tagging studies.  This outreach is an essential element of the technology transfer to the fisheries community.  No other organization provides the Columbia River Basin community with real-time statistical support for the many tagging studies funded under the Columbia River Basin Fish and Wildlife Program.  Consequently, much of the information extracted from the tagging studies has been done with either the design and/or analysis assistance of this project.  Findings from these studies have become an important element of the monitoring and evaluating efforts in the Columbia Basin.  These findings include:

1. Information on smolt travel time - survival relationships.

2. Information on river flow/temperature - survival relationships.

3. Comparison of smolt survival through river reaches and hydroprojects for the last ten years (1993-2002).

4. Route-specific passage and survival rates through spillways, bypasses, and powerhouses at hydroprojects.

5. Comparison of survival rates for wild and hatchery stocks.

6. Smolt survival through turbine units under different operating conditions and comparisons with the new generation of “fish friendly” turbines.

7. Baseline survival data for comparison with potential mitigation practices in years to come.

f. Proposal objectives, tasks and methods
Task 1.  Maintenance of SURPH.2 and USER.1 Software


The statistical software programs SURPH.2 and USER.2 developed at the UW to analyze PIT-tag, balloon-tag, radio-tag, and acoustic-tag survival studies are also maintained, debugged, and enhanced at the UW.  Maintenance involves upkeep of a unified UNIX-PC based program suitable for both UNIX and PC users.  As computer systems are routinely upgraded, the software must be altered to work on the newer systems and computer platforms.  Other maintenance issues include responding to user questions and providing users with manuals and individual instruction.  

Task 2.  Improvements in Statistical Software


Programs SURPH.2 and USER.2 receive technical improvements for data input and analysis in response to user requests and issues that surface in the Columbia Basin fisheries community.  As tagging methods develop new capabilities, the software also needs to evolve to accommodate new research objectives and goals.

Activity 2.1:  Expand USER.2 Capabilities


The capabilities of Program USER.2 are continuing to be expanded as more investigators are using tagging methods to study juvenile and adult salmonid survival.  Recently, profile likelihood interval estimation procedures have been added to allow investigators to estimate complex functions of parameters.  Graphical and diagnostic tools will be added to the program to permit investigators to assess the validity and suitability of the statistical models for the analysis.  Model selection procedures will be added to the software along with statistical tests of hypotheses.

Activity 2.2:  Enhanced Data Input Capabilities


With the wide variety of investigators using SURPH.2 to analyze both old and new studies, more flexible data input structure is required.  The data input will be restructured to permit the input of capture history summaries and M-arrays (Burnham et al. 1987), along with existing formats.

Activity 2.3:  Expand SURPH.2 Capabilities


At the request of the ISAB, Lower Columbia River investigations are expected to relate survival estimates from the paired release-recapture model to river covariates.  Program SURPH.2 will need to be substantially modified to allow covariate modeling with the ongoing paired-release studies in the Lower Columbia and elsewhere.  


A special macro for Program SURPH.2 will be developed to analyze time-varying individual covariates.  The statistical theory was developed by Lowther (2002, PhD dissertation).  The statistical analysis will permit tests of effects of changing upstream conditions (i.e., dam passage, changing condition index) on downstream smolt survival.

Task 3.  Adult Survival Study Guidance

This task will provide statistical support for the design and analysis of adult salmonid survival studies.  The task will include working with field investigators as well as the development of new statistical model to assure maximum information from adult survival studies.

Activity 3.1:  Adult PIT-Tag Capabilities


This project will continue to support the USACE, NMFS, and PSMFC efforts to install and evaluate adult detection facilities at upstream ladder.  Evaluation data will be analyzed to determine operating performance of adult detection equipment.  This task will also evaluate alternative designs for the adult facilities and their effects on the performance of future PIT-tag investigations.

Activity 3.2:  Adult Radiotelemetry Investigations


Statistical models and release-recapture designs will be investigated to better design and analyze adult radiotelemetry survivals.  Currently, the complex behavior of adult salmon with straying, forays upriver, and fallbacks makes direct interpretation of adult survival difficult or impossible.  Realistic models that can cope with the complex adult movements will be investigated to provide better estimates of adult upstream survival.  

Task 4.  Evaluate high-flow PIT-tag capabilities.


With plans to install a surface collector at the corner of Bonneville Dam, large numbers of PIT-tagged smolts will no longer go through the existing juvenile bypass system.  Without redesigning the juvenile detection facilities at Bonneville Dam, PIT-tag detection capabilities at this crucial site will be severely degraded.  This task is to assist NMFS and USACE in evaluating new smolt PIT-tag detection facilities at the proposed surface collector.  The capability to detect PIT-tagged smolts will be challenged by the high-flow velocities of the water passing through the new facility.  This task will help design and analyze system performance tests at the new detection facilities to assure high detection rates and reliable tag-code identification.
Task 5.  Technology Transfer


This task provides statistical support to Columbia River investigators requesting assistance with the design and analysis of tagging studies.  Efforts includes sample size calculations, guidance on the release and recapture design, assuring proper statistical methods are used in data analysis, modifying statistical software to accommodate unique analysis requirements, and the review of technical reports.  All these efforts are to ensure that the maximum information can be reliably extracted from tagging studies funded under the Council’s Fish and Wildlife Program.
g. Facilities and equipment
Office space for the project personnel is leased in Seattle, Washington.  The facilities have a T1 communications line for fast internet communications.  Office rental is in lieu of lower University of Washington overhead rates.

Equipment is limited to UNIX workstations and PC computers for data retrieval, programming, and electronic communications.
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