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Section 9 of 10. Project description

a. Abstract 
The modification of the habitat in the Columbia River by the building of dams has allowed some non-indigenous fish species to thrive.  The combination of swift tailraces (for adult spawning) and slow water pools behind main stem dams (for juvenile rearing) has allowed American shad to build to numbers of returning adults averaging over 1 million fish/year at Bonneville Dam.  The large numbers of shad returning in a short time frame have been suspected of interfering with the upstream migratory movements of adult salmonids through fishways at Priest Rapids Dam.  To evaluate the effects of American shad density/behavior on migrating native anadromous fishes, we propose to employ a four-phased approach.  First, historical passage data from Priest Rapids Dam would be synthesized and statistically analyzed to elucidate relationships between American shad run timing/abundance and similar metrics for anadromous salmonid and Pacific lamprey populations.  These comparisons will be useful in the identification of the type and magnitude of problems in this adult passage structure.  Second, visual assessments of behavioral interactions between American shad and several species of anadromous fishes (summer chinook and sockeye salmon, steelhead, and Pacific lamprey) will be conducted in several areas of the ladder system at Priest Rapids Dam.  Observers will monitor fish movement and behavior visually and using underwater videography across stratified random time periods.  Comparisons of movement rate of native anadromous fishes versus density of shad will be performed.  In addition, shad and salmonid behavioral data will be collected, such as, position in water column, holding, milling, schooling, proximity to nearest individual of the same and different species. Third, radio telemetry will be used in 2003 to assess American shad behavior at ladder entrances and in the lower portions of the ladder system at Priest Rapids Dam to assess behavior and distribution.  Finally, in 2004, the use of ultrasonic sounds to affect American shad distribution will be evaluated using observation, videography and radio telemetry.  These data will provide detailed data on the issue of interactions between adult American shad and migrating native anadromous fishes that will be useful for managers developing policies on the management of American shad at Priest Rapids Dam and other dams within the Columbia River system. 

b. Technical and/or scientific background
The modification of the habitat in the Columbia River by the building of dams has allowed some non-indigenous fish species to thrive.  The combination of swift tailraces (for adult spawning) and slow water pools behind main stem dams (for juvenile rearing) has allowed American shad to build to numbers of returning adults averaging over 1 million fish/year at Bonneville Dam.  The large numbers of shad returning in a short time frame have been suspected of interfering with the upstream migratory movements of adult salmonids through fishways at the main stem dams.  The perceived problem is especially acute at Priest Rapids Dam where the fishway is suspected of impeding American shad movement.  This impedance may result in large numbers of milling American shad in the lower portions of the ladder which may, in turn, negatively impact migrating native anadromous fishes attempting to pass upstream.  Large numbers of American shad enter the ladder system at Priest Rapids Dam and remain in the ladder for extended periods.  Shad densities in the lower portions of the ladder become very high (mean = 31,255/year between 1988 and 1997; Kumagai et al. 1999).

Kumagai et al. (1999) used hydroacoustics to monitor American shad behavior and in an attempt to deter shad from entering the ladder.  They were able to elicit a flight response with the sound system (120 kHz) they deployed, however, there appeared to be habituation and some fish returned to the test area within the sample hour.  These authors also concluded that behavior of adult salmonids did not appear to be affected by the high frequency sound.  These researchers deployed the sound deterrent system within the ladder instead of attempting to deploy across the ladder entrance.  Ladder entrance deployment may provide a better means of reducing the fish ‘congestion’ problems within the lower portions of the ladder.

Monk et al. (1989) examined the behavior of American shad and chinook and sockeye salmon and steelhead in a laboratory model of the John Day Dam fishways.  They found that American shad were oriented toward surface flows and did not tend to use submerged orifices that were as shallow as 2 m.  They also reported that shad movement through the ladders was affected by the head differential between pools in the ladder.  

Efforts to direct American shad movements at Holyoke Dam on the Connecticut River canal system were found to be largely ineffective by Kynard and O’Leary (1993).  An underwater AC electrical or acoustic barrier did not effectively prevent downstream moving shad from entering the canal system, however, a DC electrical field was successful at immobilizing shad, which were then transported through a high velocity pipe for collection was successful – and resulted in only 4-9% mortality.  They also reported that radio-tagged adult American shad were unwilling to pass through trash-racks at exits on the canal.  Kynard and O’Leary (1990) were very successful in altering upstream migrating shad behavior with high frequency sound (161.9 kHz).  Only one of 113 encounters with upstream moving schools of American shad resulted in passage when the acoustic system was operating.  Other clupeid fishes have been shown to exhibit an avoidance for high frequency sound (Dunning et al. 1992; Nestler et al. 1992; Ross et al. 1993; also see review by Astrup 1999). On the River Wye in England, researchers using hydroacoustics (200 kHz) to enumerate upstream migrating salmon turn off their system for 15 minutes of each hour to allow Twaite shad to pass (Gregory 2000).  Their feeling is that the shad will not pass through the high frequency sound, and therefore ‘ball up’ immediately downstream of the area being interrogated by the hydroacoustics. In all cases except one (when the system may have been briefly shut down for maintenance), shoals of Twaite shad passed the sample site when the 200 kHz system was deactivated. 

A considerable amount of research has been done in Atlantic coast rivers to aid in the recovery of American shad populations (Knapp et al. 1982; Heisey et al. 1992; Kynard and O’Leary 1993; Mathur et al. 1993; Chaput 1995; Hendricks 1995; Odeh and Orvis 1998; Haro and Kynard 1997; Kynard and Buerkett 1997; Haro et al. 1998; Nestler et al. 1998; Haro et al. 1999; Leonard and McCormick 1999; as well as in France to enhance Allis shad (Alosa alosa) populations (Mennesson-Boisneau et al. 1993; Bellariva 1998; Travade et al. 1998).  These studies provide a good volume of information on fishway design and operations that have and have not been successful for allowing unimpeded upstream passage of shad.

Other researchers have identified fishway designs, lengths, and angles that could be used to limit passage by American shad while allowing passage by anadromous salmonids (Slatick and Basham 1985).  Whether intentionally or inadvertently, adult fishways at some facilities may impede shad migrations, which may subsequently result in negative impacts to salmon and/or steelhead movement through these fishways.  Any efforts that utilized this approach for reducing shad numbers in the Columbia River Basin would have to allow for passage of adult Pacific lampreys.  

The phased approach of the proposed project would use multiple metrics to determine whether American shad pose a problem to migrating native anadromous fishes at Priest Rapids Dam.  Efforts to affect American shad distribution and behavior will also be evaluated.

c. Rationale and significance to Regional Programs

The draft mainstem Columbia River Subbasin summary (Ward et al. 2001) identified the importance of assessing the effects of exotic fish species on native species. In the fish and wildlife needs section on the Subbasin summary the following ‘need’ is listed:

“Assess American shad – salmonid interactions. Specifically, there is a need to evaluate the effects to migrating anadromous adults from shad ‘clogging’ adult ladders at mainstem dams (e.g., Priest Rapids). There is also no current policy among the fish management agencies to guide decisions that could result in expansion of American shad range within the Columbia River basin. Currently, American shad are restricted to the Columbia River below Priest Rapids Dam because of ladder design. There is also a need to determine if American shad create deleterious conditions to juvenile salmonids through predation and competition in the rearing environment.”



This proposed study will also evaluate the possibility of using high frequency sound to repulse American shad while not affecting passage of native anadromous fishes.  These data may be useful at other mainstem Columbia River dams where shad abundance/behavior may impede passage of native fishes.


The 2000 Fish & Wildlife Program (NPPC 2000) identifies the need to place more emphasis on assessing the “connection between fish passage design and fish behavior” (Section 6.c).  In addition, the NPPC (2000) identified the need to “Assure that hydroelectric relicensing and future development provides protection for fish and wildlife.”  The data from the proposed study would be useful in identifying potential protection or mitigation opportunities for anadromous fish passage at Priest Rapids and other dams on the Columbia and Snake rivers.


In section 9.6.1.6.2. of  the ‘Reasonable and Prudent Alternatives’ presented in the National Marine Fisheries Service’s Biological Opinion (NMFS 2000), Action 107 states:

“The Action Agencies shall conduct a comprehensive evaluation to assess survival of adult salmonids migrating upstream and factors contributing to unaccounted losses.”

One of the specific investigations NMFS recommended was to examine passage delay (NMFS 2000).  

The proposed project could provide the fish management agencies with specific data that would enable them to develop a policy regarding the possible expansion of the range of American shad in the Columbia River basin.  If American shad are not found to significantly impede the migration of native anadromous fishes at Priest Rapids Dam, then ladder modifications to better pass shad (to relive the ‘clogging’ problems) may not be necessary.  If American shad are found to significantly impede the migration of native anadromous fishes at Priest Rapids Dam, then fish managers will have to develop policy guidance on the balance between the range extension of the non-native American shad and improved passage conditions for the native fishes.  

d. Relationships to other projects 

This project would be related to another proposed study on fall back of fall chinook salmon at Priest Rapids Dam.  These two studies could use some of the same radio telemetry equipment.  In addition, salmon and steelhead that may be carrying transmitters from other studies (e.g., U. of Idaho’s upstream passage study or Grant Count-funded research activities at Priest Rapids Dam) may provide useful data on other species in and around the fishways at Priest Rapids Dam. 

e. Project history (for ongoing projects) 

new project

f. Proposal objectives, tasks and methods
The objectives of this work are to:

1. Analyze existing salmonid passage data to evaluate shad interaction effects on delay and fallback at specific areas in the adult fish ladder system.

2. Conduct visual assessment of shad/salmonid (and Pacific lamprey) behavioral interactions in the ladder system at Priest Rapids Dam.

3. Evaluate passage behavior of adult American shad to identify potential obstacles to passage and potential negative impacts on native anadromous fish passage in the Priest Rapids Dam ladder system - using radio telemetry.

4. Examine the effects of ultrasonic tones on adult American shad and anadromous salmonids in, and around the entrances to, fishways at Priest Rapids Dam.

Task 1 – Passage Data Analyses 

Existing American shad and native anadromous fish passage data from Priest Rapids Dam will be analyzed to determine whether the passage of native anadromous fishes is negatively correlated with American shad passage.  We will be looking for evidence that shad passage/presence has a negative impact on the passage rates of other fishes.  Other data sets from areas where sample sizes are larger and the ladder system appears to be better suited to passage of American shad (e.g., Bonneville Dam) will also be analyzed to look for evidence of an effect.

We will examine total passage counts, daily passage, and hourly passage, lagged effects, (where appropriate), and adult salmonid fallback rates where we suspect shad may influence the passage of other anadromous fishes.  We will determine whether periods of high American shad abundance in fish ladders correspond with passage rates below those otherwise expected for adult salmonids.  Expected salmonid passage (assuming no shad effects) will be estimated by fitting a distribution of daily counts, during periods of low shad abundance, with covariates such as flow, water temperature, or facility operations added to account for short-term divergence from the distribution.  If the results suggest shad abundance impacts passage of other fishes, in a given time period, we will obtain related data from other researchers (e.g., U. of Idaho and/or Grant County PUD) to regress total ladder movement rates (exit time minus entry time) of radio tagged salmon and steelhead versus shad counts (total daily counts).

Task 2 – Visual Assessment of Behavioral Interactions

Observers and underwater video systems will record behavioral interactions between adult American shad and other anadromous fishes (primarily summer chinook salmon, sockeye salmon, and Pacific lamprey).  Observations will be made at randomly selected times in both fishways at Priest Rapids Dam.  Behaviors that are expected to inhibit movement of adult salmonids in particular will be emphasized.  Passage speed through selected viewing areas will be recorded for passing salmonids by species as well as the total number of shad visible in the viewing areas at that time.  We will determine whether high abundance of shad reduces passage rate of adult salmonids.  We will also attempt to coordinate with other researchers (Dr. Bjornn et al.) to regress total ladder movement rates (exit time minus entry time) of radio tagged salmon and steelhead versus shad counts (total daily counts). 

Behaviors like crowds, lateral displays, schooling as well as location and milling behaviors will be recorded for shad as well as the behavior of salmonids and lamprey that are observed.  Direct agonistic interactions will be recorded and categorized following data collection.  For example, one possible interaction type would be where shad are not willing or able to successfully negotiate the ladder velocities near the orifice openings, and large numbers of shad may occlude the orifice opening, at least visually, to an approaching salmon or steelhead.  We will attempt to collect underwater video imagery using of submerged orifice openings from a ‘fish eye’ perspective under a range of American shad densities.  We will use a Deep Sea model 1065 low light monochrome camera with built in array of infra-red lights.  Post-processing of video images will include percentage of opening that is visible verses distance form opening under a range of shad densities.  Video image captures will be digitized using Optimas software.

Task 3 – Assessment of American shad behavior in the ladders


Radio transmitters would be inserted into a total of 50 adult American shad captured by dipnetting in the lower portions Priest Rapids Dam fish ladder system in 2003 and 2004. Transmitters would be inserted into the stomach through the mouth. Antenna will extend into the buccal cavity.  Small cylindrical radio transmitters (e.g., Lotek coded microprocessor transmitters MCFT-3D, 10 mm dia. X 29 mm long, 3.7 g in air) will be used.  Existing telemetry equipment will be used to monitor position and movement of adult American shad in the Priest Rapids Dam fishway system.  PNNL and/or Grant Co. tracking systems (e.g., Lotek DSP 500) will be used to collect and store relocation data within and around the ladder system. Categorized behaviors (e.g., milling, roaming, stationary) will be quantified for stratified/random blocks of time.  In 2004, when high frequency sound would be tested as a deterrent to shad (see Task 4 below), radio telemetry will be used to document responses of American shad to the high frequency sound.  Categorized behavioral variables that might be examined through the use of radio telemetry in relation to Task 4 would include, no response, flight (including distance moved), and habituation (e.g., returning to test area within a specified time period).

Task 4 – Evaluation of high frequency sound to disperse American shad


High frequency sound will be emitted from a splitbeam hydroacoustics system, comprised of a Model PAS 103 Multimode Scientific Splitbeam Echo Sounder operating at 200 kHz, and splitbeam transducers with acoustic lenses producing a 20o beam, and associated cables.  Transducers will be placed near ladder entrances (each entrance alternating on a randomized schedule).  We may also test a BAE Systems multibeam hydroacoustics system that has been used to alter shad/herring behavior distribution in other areas.  American shad abundance within blocks of fishway steps will be assessed in relation to the operation of the sound system.  An analysis of variance (ANOVA) using shad abundance as the dependent variable and sound system operation (on vs off) as the independent variable will be used to determine whether the sound system altered the behavior of American shad in the fishway (determine by visual observation as well as underwater videography).  We will also have radio tagged American shad in the fishway at this time which would allow us to record behaviors of tagged fish in response to the operation of the sound system.  The sound system would operate on a 24 h randomized schedule.  The sound system would be operated in 2 hour blocks of time – randomized across each 24 h day.  Behavioral observations would also be done during the transition periods from off to on, and on to off, to assess startle responses in shad and other fishes.  We would also focus effort on documenting the behavior of any native anadromous fishes observed in the fishway during the evaluations of the sound system.   

g. Facilities and equipment
Laboratory space for assembling sampling equipment and office space for managing data and other project activities is available within the PNNL’s Ecology Group offices and computer laboratory on the Columbia River in Richland, Washington.  Existing large capacity desktop PCs would be used for data storage and analyses in the Ecology Group at PNNL.  Radio telemetry tracking/data storage equipment should be available from PNNL and/or Grant County for use on this project.  Radio transmitters (100 total) would be purchased for this project to assess behavior of American shad in the fishway as well as response of shad to the ultrasonic sound system. One underwater camera, a Deep Sea model 1065 low light monochrome camera with built in array of infra-red lights, would be purchased for use in the fishways.  An ultrasonic sound system should be available from PNNL at the time this experiment is conducted. If a sound system is not available for this aspect of the project (2004), one 200 kHz split-beam transducer with an acoustic lens (producing a 20o beam) will be purchased for this project. 
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Geoffrey A McMichael, Senior Research Scientist, Ecology Group, PNNL, Richland, Washington, will be the principal investigator and project manager. This project would provide Mr. McMichael 0.10 FTE in 2002, and 0.14 FTE in 2003 and 2004.

Kenneth D. Ham, Senior Research Scientist, Ecology Group, PNNL, Richland, Washington, will be the lead statistician.  This project would provide Dr. Ham 0.06 FTE in 2002, and 0.05 in 2003 and 2004.

Richard S. Brown, Postdoctoral Fellow, Ecology Group, PNNL, Richland, Washington, will be the lead for the radio telemetry portion of the project.  This project would provide 0 FTE for Dr. Brown in 2002, 0.14 in 2003, and 0.10 in 2004.

Robert P. Mueller, Senior Science and Engineering Associate, Ecology Group, PNNL, Richland, Washington, will lead the underwater videography portion of the project. This project would provide Mr. Mueller 0.04 FTE in 2002, 0.06 in 2003, and 0.08 in 2004.

GEOFFREY A. MCMICHAEL, Senior Research Scientist, Pacific Northwest National Laboratory

Education

Master of Science, Fish and Wildlife Management, Montana State University, Bozeman.  June 1989.

Bachelor of Science, Biological Sciences, Fish and Wildlife Management option, Montana State University, Bozeman.  June 1987.

Current Employer

Battelle, Pacific Northwest National Laboratories

Current Responsibilities

Mr. McMichael led the year 2000 effort to collect current velocity data using ADCP technology at Grand Coulee Dam. Other projects that are currently being managed by Mr. McMichael include; Passage Evaluations in the Yakima Basin (BPA), Effects of the Priest Rapids Project on fall chinook salmon (Grant Co. PUD), Chandler Canal smolt loss investigation (U.S. Bureau of Reclamation).  Mr. McMichael has also been working on laboratory studies of the effects of certain routes of dam passage on juvenile fish. He has been involved in the evaluation of shear stress, turbulence, pressure, and gas supersaturation on juvenile anadromous salmonids. He has also been working on a project on the stranding of fall chinook salmon in the Hanford Reach, an evaluation of the spawning habitat selection by fall chinook and endangered chum salmon in the Ives Island area below Bonneville Dam, and the quality of spawning habitat for fall chinook salmon in the upper Snake River. 

Previous Employment

From December 1989 through September 1999, Mr. McMichael was the Species Interactions/Ecological Risk Assessment Biologist, Ecological Interactions Team, Washington Department of Fish & Wildlife, Ellensburg, Washington.  Work included the design and implement of experimental species interactions research.  Research areas include hatchery-wild interactions, electrofishing injury and methods development, trapping of anadromous and resident fishes in fishways at dams and with mobile traps, and predator-prey relationships. 
Expertise

Mr. McMichael is considered a regional expert in salmonid behavior, with emphasis on hatchery-wild interactions and competition experiments that have been widely published. Electrofishing injury is another area of expertise for Mr. McMichael. He has participated in the regional forums to evaluate/establish electrofishing criteria for sensitive/listed fishes. The wide range of projects Mr. McMichael has managed or been involved in has given him a good understanding of the complex linkages between biotic and abiotic factors and their interactions as well as a unique ability to identify management options to address aquatic problems.
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Kenneth D. Ham, Senior Research Scientist
Battelle, P.O. Box 999, MSIN: K6-85, Richland, WA 99352

509/373-6142, E-MAIL: kenneth.ham@pnl.gov

Education

Ph. D.
Ecology, University of Tennessee, Knoxville, 1994.

M. S.
Wildlife and Fisheries Sciences, Texas A&M University, College Station, 1989

B. S.
Wildlife and Fisheries Sciences with Zoology minor, magna cum laude, University of 
   Tennessee, Knoxville, 1986

Experience

Senior Research Scientist, Battelle, 5/2000 to present. Risk assessment, Modeling, Hydroacoustic Data Analysis and Quality Control.
Fish and wildlife Biologist 3, Washington Department of Fish and Wildlife, 11/1996-5/2000. Fish population monitoring. Power analysis of monitoring program designs. Data quality control. Statistical analysis of trends and experimental results.
ORNL Postdoctoral research associate, Oak Ridge Associated Universities, 6/1994-11/1996. Developed and applied statistical visualization methods for multivariate biological monitoring data. Assisted qa/qc efforts for datasets and sample analysis techniques. Optimized sampling designs and analyses for new projects. 

Expertise: Kenneth Ham has extensive experience planning sampling designs involving fish behavioral responses. He is involved with several projects involving hydroacoustics and is familiar with analysis of data collected by hydroacoustic techniques. The statistical power of sampling programs to detect change was a focus of study in a previous position. Because of his study of fish responses to light, Dr. Ham is familiar with optical characteristics of water and visual sensitivities of fish eyes. He is also familiar with the physiology and behavior of fishes. 
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Dr. Brown has extensive experience studying riverine salmonids and is a leading expert in the field of winter ecology.  He has years of experience refining methods to observe and study fish during the very challenging winter season.  Also, he has a major interest in the interactions between fish and groundwater and examining the different challenges fish face during winter in groundwater influenced habitats as compared to ice covered areas.  Examining habitat use of stream dwelling salmonids and using advanced analysis to determine preferences is also one of his strengths.  Dr. Brown also has nearly a decade of experience using radiotelemetry.  His is a top expert in using Electromyogram radiotelemetry to determine interactions between fish activity and environmental factors such as water temperature, habitat parameters, flooding, and river ice conditions.

Education:

*
Doctor of Philosophy, December 1999

Biology, University of Waterloo, Waterloo, Ontario

*
Master of Science, June 1994, Zoology, University of Alberta, Edmonton

*
Bachelor of Science, December 1988 


Wildlife and Fisheries Sciences, South Dakota State University, Brookings

Work Experience:
2000-

Post-doctoral fellow, Ecology group, Pacific Northwest National Laboratory, Richland, WA.  

1993-96  

Owner, FRM Environmental Consulting Ltd., Edmonton, AB

1990-91 
   
Research Assistant, South Dakota Cooperative Fish and Wildlife 



Research Unit, Brookings SD. 

1990
Research Technician, Alabama Cooperative Fish and Wildlife 


Research Unit, Auburn University, Auburn, AL. 

Most relevant publications
Brown, R. S., G. Power, S. Beltaos, and T. A. Beddow.  in press.  Effects of hanging ice dams on winter movements and swimming activity of fish.  Journal of Fish Biology. 

White, K. D., R. S. Brown , and A. M. Tuthill.  In press.  Examining the fisheries benefits of frazil ice control.  Hydro Review.
Brown, R. S.  1999.  Fall and early winter movements of cutthroat trout, Oncorhynchus clarki, in relation to water temperature and ice conditions in Dutch Creek, Alberta.  Environmental Biology of Fishes 55:359-368. 

Power, G., R. S. Brown, and J. G. Imhof.  1999.  Groundwater and fish - insights from northern North America.  Hydrological Processes 13:401-422. 

Brown, R. S. and W. C. Mackay.  1995.  Fall and winter movements of and habitat use by cutthroat trout in the Ram River, Alberta.  Transactions of the American Fisheries Society 124:873-885. 

Robert P. Mueller, Senior Science and Engineering Associate, Battelle, 

Pacific Northwest National Laboratory

Education

Bachelor of Science, Aquatic Biology, Fisheries, St. Cloud State University, St. Cloud MN, 1987.

Current Employer

Battelle, Pacific Northwest National Laboratory

Current Responsibilities

Mr. Mueller has been a staff member within the Ecology Group at Battelle since January 1992.  His has extensive expertise in conducting fish passage evaluations on juvenile and adult anadromous pacific salmonids.  He has led numerous studies within the Snake, Hanford Reach, and lower Columbia River to locate, map, and classify salmon and steelhead spawning areas. Mr. Mueller has been involved in conducting hydroacoustic evaluations at several mainstem Snake and Columbia hydroelectric facilities (BPA, USACOE).  He lead a study to determine the feasibility of utilizing behavior barriers (high and low frequency sound and strobe light) as a mechanism for deterring juvenile salmonids from becoming entrained in water diversion systems (BPA).  He was a principle investigator in conducting laboratory tests for developing biological guidelines for high flow smolt bypass outfalls (USACOE).  The tests were conducted to simulate juvenile fish passage though an open channel and entering the tailrace pool.  He was a co-principle investigator in conducting laboratory tests to determine biological effects of shear, turbulence and pressure to juvenile salmonids and other species to a simulated turbine environment (USDOE).  He also led a field study to determine the behavior of juvenile Pacific Lamprey as they encounter intake screens at McNary Dam.  
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From March 1990 through November 1991 he was a technical and biologist for the Oregon Department of Fish ad Wildlife, Clackamas Oregon.  Experience included the evaluation of fish screening facilities on the lower Umatilla River and electrofishing and gill netting to determine salmonid predator abundance in the Columbia and Snake Rivers. 
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Mr. Mueller has considerable experience in conducting passage/entrainment studies at water diversion facilities located in the Umatilla, Yakima, and Wenatchee river basins. He has participated in many workshops and conferences relating to fish passage issues.  He has authored or co-authored many reports that encompassed a wide range of issues surrounding salmonid habitat characterization and passage survivorship.   
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