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a. Abstract 
Passage of salmonids is currently impeded over Selway Falls, thus reducing the potential to sustain and expand populations.  Those fish that do pass the falls likely expend large amounts of energy doing so, and in turn decrease their probability of spawning and contributing to the population.  Idaho Department of Fish and Game (IDFG) has proposed reconstructing the Selway Fish Tunnel to improve passage, and thus increase fish populations in the Selway River Basin.  Monitoring of the fish tunnel is needed to ensure that improvements to the fish tunnel do increase passage success, and the use of energy during passage after improvements is minimized.  Monitoring the activity levels of fish that successfully pass the facility is also needed because even though fish may successfully negotiate the facility, passage may come at a cost that depletes fish of energy needed to successfully spawn.  To fine tune the fishway and manage it optimally, swimming behavior within the fishway must be monitored.  In order to obtain this data, we propose using electromyogram (EMG) radiotransmitters to monitor swimming behavior throughout the fishway 24 hours a day.    

b. Technical and/or scientific background
Passage of salmonids is currently impeded over Selway Falls.  Using radio telemetry, Idaho Department of Fish and Game found that less than 60% of steelhead trout staging at the entrance to the Selway Falls fish tunnel migrated above the falls.  Proposed improvement of the fish tunnel by IDFG should thus increase passage, and increase fish populations.  Those fish that do pass the falls likely expend large amounts of energy doing so, and in turn decrease their probability of spawning and contributing to the population.  

Using conventional beeper tags, the proportion of fish successfully passing the fishway can be determined.  This is one important aspect of determining the success of the fishway.  To fine tune the fishway and manage it optimally, swimming behavior within the fishway must be monitored.  Currently the only feasible way to monitor swimming behavior remotely is by using electromyogram radiotransmitters.  This state-of-the-art technology has exclusively been used in Pacific Northwest field research by Battelle researchers.  These high-tech transmitters have two small electrodes that are implanted into the swimming muscle of the fish.  As the fish swim, electrical impulses are transferred from the fish muscle to the transmitter which then transmits signals to a data logging receiving station.  Thus, signals emitted by the implanted radiotransmitter occur faster as more electrical activity occurs in the muscles when the fish swims at a greater speed (Geist et al. 2000).  When an implanted fish is swum at several different speeds in a  respirometer, the relationship between EMG signal interval and swimming speed can be determined.  This relationship allows the swimming behavior and speeds of free ranging fish to be quantified from a distant location.  This is valuable in determining the relationships between swimming activity and energy consumption and the environmental factors fish are faced with.  However, relatively few studies have used this technique under natural field settings.  Hinch et al. (1996) studied the swimming activity of sockeye salmon at difficult passages of the Fraser River during upstream migrations.  Brown et al. (2000) examined the relationship between swimming activity and the presence of ice formations which forced fish from riverine overwintering habitat.  EMG technology has also been used to study activity of several species of fish in lacustrine environments (rainbow trout Briggs and Post 1997a, 1997b; smallmouth bass and largemouth bass, Demers et al. 1996; lake trout, Weatherley  et al. 1996).  Using this technique and multiple antenna arrays, fish swimming can be monitored throughout the fishway 24 hours a day.  Monitoring EMGs of fish using the fishway (before and after improvements) will allow investigators to identify areas that need fine-tuning.  

It is the goal of this project to monitor the success of passage and the energetic use of passage by fish before and after improvements to the Selway fish tunnel.  The first fiscal year will be used to acquire data before improvement is done, while the following two fiscal years will be used to monitor the success of fishway improvements.

c. Rationale and significance to Regional Programs
Passage of salmonids is currently impeded over Selway Falls, thus reducing the potential to sustain and expand populations.  Using radio telemetry, Idaho Department of Fish and Game found that less than 60% of steelhead trout staging at the entrance to the Selway Falls fish tunnel migrated above the falls.  Improvement of the fish tunnel should thus increase passage, and increase fish populations.  Those fish which do pass, likely expend large amounts of energy doing so, and in turn decrease their probability of spawning and contributing to the population.  Improving passage within the Selway has been identified in the Subbasin Summary for this Province.

d. Relationships to other projects 
This project is associated with the Idaho Department of Fish and Game’s Selway River management planning to increase anadromous fish runs into the drainage and directly related to Project 23088 - Renovate Selway Falls Anadromous Fish Passage Tunnel that was submitted in the 2001 High Priority call for proposals by IDFG.  It is also related to three BPA funded projects; Project 9107300 – Idaho Natural Production Monitoring and Evaluation Program, Project 198909800 - Idaho Supplementation Studies, and Idaho Steelhead Supplementation Studies.

e. Project history (for ongoing projects) 

This is a new project

f. Proposal objectives, tasks and methods
Objective 1. Monitor the success of fish passage and the energy use of fish before and after the improvement of the Selway Falls Fish Tunnel 

Task a.  Implant spring chinook salmon and steelhead with conventional and electromyogram (EMG) transmitters.  Calibrate EMG tag output to swimming speed in a Blazka respirometer at streamside.

Methods:

Monitoring of passage improvements to the Selway Falls fishway will be accomplished using radiotelemetry.  During the first year, a total of 35 fish will be studied.  Both steelhead and spring chinook salmon will be captured from within the tunnel (using a dip net) and in the main river (by angling) immediately below the falls.  

Of these 35 fish, 20 fish will be implanted with regular beeper or coded transmitters.  These fish will be used to monitor the percentage of fish passing Selway Falls and the rate of passage.  Fish will be anaesthetized with clove oil and these tags will be gastrically implanted into the fish, which will be released below the falls shortly after implantation.  

The remaining 15 fish will be implanted with Electromyogram (EMG) radiotransmitters.  After capture, fish will be anaesthetized with clove oil and surgery will be performed on the river bank.  Standard procedures for implantation of EMG transmitters will be followed (e.g., Geist et al. 2000).  Fish will be allowed to recover two days in holding cages in the river.  After recovery, the EMG radiotransmitter must be calibrated.  To accomplish this, the fish will be swum in a swim tunnel which will be placed either beside the river or in a nearby facility.  Fish will be swum at increasing velocities while signals from the EMG tag are recorded.  The relationship between swimming speed and EMG tag emissions will be used later to convert EMG signals emitted by the implanted fish in the fishway into actual swimming speeds.  Immediately after fish are calibrated, they will be released in the river below Selway Falls.  

Task b.  Log output from EMG transmitter implanted fish as they ascend fish ladders and waterfalls.  Track fish tagged with conventional tranmsitters to determine the success of passage.
Methods:

Monitoring of fish passing the Selway fish tunnel will be done with several antenna arrays.  These arrays will be placed throughout the fishway so that as fish ascend the fishway a constant monitoring of swimming speed (via EMG signals) can be determined.  Experienced personnel will also follow fish passage with hand held antennas to provide first hand behavioral observations and provide very fine scale behavioral data.  Areas where fish are being delayed or are swimming at higher speeds for long periods of time can be pinpointed so that fine tuning of the fishway can be performed.

Both the swimming behavior and the total amount of energy used to pass the fishway can be determined using these swimming speed records.  The amount of energy fish are using to pass the fishway can be determined before construction and compared to energy use after improvements to monitor fishway improvement.  This can determine the saving in energy with can be applied to spawning, thus increasing likelihood of spawning success.

Twenty of the 35 fish implanted with radiotransmitters will be carrying conventional transmitters.  Since these are gastrically implanted they will provide an unbiased estimate of fish passage.  These fish will be tracked using the antenna array described previously.  They will also be tracked using manual trackers.  

Objective 2. Prepare annual report

Task a.
Analyze data and produce report/ paper.  

Methods.  Quantify relative swimming speed and energy expenditure within Selway Falls and the Selway Falls fish tunnel.  Associate areas within the fish tunnel with swimming speed and energy consumption.  

g. Facilities and equipment
PNNL will provide the necessary office space and computer and office support for this project.  Much of the EMG logging and surgical equipment needed for field work are on hand at PNNL.  Minor equipment purchases that will be required include radiotransmitters, coax cable and antennas.
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David R Geist, Ph.D., PNNL

Dr. Geist has developed a successful radio telemetry program at Battelle and currently manages projects using electromyogram (EMG) radio telemetry to assess fish physiology in response to hydropower operations.  In cooperation with Dr. Brown, Dr. Geist is using EMG telemetry to assess the energetic costs to adult spring chinook salmon that migrate through the Columbia River hydropower system.  This project is on-going and funded by the US Army Corps of Engineers.  Dr. Geist also manages a project that is using EMG telemetry to assess the energetic costs to juvenile white sturgeon in response to flow fluctuations downstream of Hells Canyon Dam in the Snake River.  Other projects that Dr. Geist managed where radio telemetry was used to assess fish behavior include a study of the distribution and behavior of adult fall chinook salmon in the Hanford Reach (1993 and 1994), an energetic model for upstream migrating adult fall chinook salmon (1995), and northern pikeminnow behavior in the forebay of Ice Harbor Dam (1995).  Dr. Geist is knowledgeable about the use of the latest radio telemetry equipment including coded and non-coded transmitters, radio receivers, antenna configurations, and surgical and non-surgical placement of radio transmitters.

Education:

*
Doctor of Philosophy, 1999, Fisheries Science, 


Oregon State University, Corvallis

*
Master of Science, 1987, Biology, Eastern Washington University, Cheney

*
Bachelor of Science, 1984, Biology, Eastern Washington University, Cheney

Work Experience:

1991 -
Senior Research Scientist, Ecology group, Pacific Northwest National Laboratory, Richland, WA.  

1987-91

Regional Habitat Manager, Washington Department of Fisheries
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Richard S. Brown, Ph. D, PNNL

Dr. Brown is an expert in the use of both conventional and electromyogram radiotelemetry.  He has done extensive field and laboratory research examining how activity of fish is influenced by environmental factors.  He has also done multiple studies examining the swimming capacity and energy expenditures of riverine fish under varying environments.  Dr. Brown has designed and experimented with numerous antenna designs and transmission technologies using both underwater and aerial antennas to locate and log signals in difficult and harsh environments.  He is familiar with use of antenna arrays to pinpoint fish and monitor small scale movements, as well as using airborne tracking techniques.  He also has done construction, maintenance and troubleshooting of telemetry monitoring stations in remote areas of North America.  Dr. Brown is an expert surgeon, well experienced in implanting transmitters in a wide variety of species and life stages of fish, and has extensive experience implanting EMG transmitters.  Dr. Brown has had a variety of project management experience, having owned and operated his own consulting company for several years. 

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, Alberta

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. 
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