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a. Abstract 
The goal of this project is to pin-point areas of difficult fish passage by implanting fish with electromyogram (EMG) transmitters and monitoring swimming activities as fish ascend fish ladders and waterfalls.  Since the output of EMG transmitters is highly correlated with the swimming speeds of implanted fish, swimming activity of fish can be monitored as they ascend difficult passage and the amount of effort needed to pass particular areas of the passage can be quantified.  This information can be passed on to related projects to provide information to guide improvements of passage areas.

b. Technical and/or scientific background
Passage of several waterfalls has been identified as limiting factors for chinook and coho salmon and steelhead in the Klickitat subbasin.  Identifying and alleviating these passage problems can be difficult, especially since fish may not always behave as hydraulic models predict.  In the past decade, however, the use of electromyogram (EMG) radiotelemetry has proven to be an effective way to determine how hydraulic and environmental factors are faced from the fish’s perspective.  EMG telemetry involves implanting small electrodes into the musculature of the fish.  These electrodes detect and quantify the electrical impulses produced by the fish when they swim.  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. (in press) examined the relationship between swimming activity and the formation of ice formations which forced fish from riverine overwintering habitat.  Brown (1999) also studied the influence of environmental factors such as water temperature, discharge, and diel period on activity and energetics of riverine fish.  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).  The purpose of this study is to use fish implanted with EMG radiotransmitters to determine which areas of fish passage provide the greatest problems for fish.  The goal of this research is to identify areas most critical for habitat improvement efforts.  Specific plans will be developed with input from the Yakima / Klickitat Technical Advisory Committee.
c. Rationale and significance to Regional Programs
This project would directly address the limiting factors addressed in the subbasin summary.  Passage problems have been identified at several areas including Lyle Falls and Castile falls. Reduced tributary baseflows have also created fall passage problems at tributary mouths.  The subbasin summary points out that spring chinook salmon have at best a 60% success rate at passing Castile Falls.  This project would aid in determining areas which provide special difficulty to fish.  Due to non-uniform characteristics within streams and fishways, this type of analysis may not be possible by hydraulic modeling alone.  Swimming activity could also be determined under several different flow regimes and temperatures to identify difficult locations for fish under varying environmental conditions.  


This field data could be coupled with recent lab work finish by PNNL to determine the energy consumption of spring chinook salmon at different temperatures.  Recent determinations of data on critical swimming speeds of fish at PNNL could also be used to couple field derived EMG data into models for passage improvement.  

Actions identified in the subbasin summary are to complete engineering designs at Lyle Falls and modify ladders to increase passage.  It also identifies a need to conduct a radio telemetry study to determine passage rate in the ladder vs. the natural falls.  Not only can this project address the issue of passage, but can also point out which areas provide the most difficulty, which can lead to positive alterations.  

d. Relationships to other projects 
The ultimate goal of our project is to increase the abundance of spring and fall chinook, coho, and steelhead in the Klickitat subbasin by identifying areas of difficult passage which may be alleviated to increase production.  This ties directly into the goal of project 199506325.  This also ties in with the goals of project 199506325 which is to asses the obstructions to fish migrations in the Klickitat Basin.

e. Project history (for ongoing projects) 

This is a new project

f. Proposal objectives, tasks and methods
Objective 1. Implant salmon and steelhead with EMG transmitters and calibrate transmiters to swimming speed.
Task a.
a.  Perform surgical implant at the study site and calibrate EMG tag output to swimming speed in a Blazka respirometer at streamside

Methods:  Fish will be trapped at the Lyle Falls Fishway and implanted with EMG transmitters at riverside.  EMG transmitter will be surgically placed into the fish’s body cavity with the electrodes placed in the red muscle.  Standard procedures for implantation of EMG transmitters will be followed (e.g., Geist et al. 2000).  Fish will allowed to recover for 2-3 days before being calibrated in a swim tube located at riverside.  Calibration will consist of collecting a representative sample of EMGs at a range of swim speeds.  The calibration is necessary so that EMGs from free-swimming fish can be converted into swimming speed which can then be converted into oxygen consumption (i.e., energy use).  Since the EMG vs. swim speed curve is different for individual fish, each fish will need to be calibrated.  Following this calibrations of EMG transmitters, fish can be released into the river.  Forty EMG tags will be used to asses fish activity in fishways.  At least 40 fish will be implanted with EMG transmitters.  If fish can be recaptured at the upper end of fishways, tags can be removed and reimplanted in additional fish.

Objective 2.  Monitor EMG activity at fish passages

Task a.
Log output from EMG transmitter implanted fish as they ascend areas of difficult passage.

Methods.  Following calibration, fish will be released either at a location downstream of the Lyle Falls fishway.  Output from EMG transmitter implanted fish will be logged while fish are ascending areas of difficult passage.  Both above water and underwater antennas will be placed throughout waterfalls and fishways so that swimming activity can be determined in association with fine scale hydraulic features.  Approximately forty days will be allocated to tracking fish through passages.  Specific plans will be developed with input from the Yakima / Klickitat Technical Advisory Committee

Objective 3. Prepare annual report

Task a.
Analyze data and produce report/paper.

Methods.  Relationships between swimming speed and EMG signals derived in Objective 1 will be used to determine swimming speed of fish while they were migrating past areas of difficult passage.  Areas where extensive exercise was performed can be identified and closely studied.  Energy consumption of spring chinook salmon can also be determine using recent results from the PNNL lab.
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.  The Blazka respirometer needed to calibrate EMG signal output to swimming speed will need to be purchased.  Minor equipment purchases that will be required include EMG radiotransmitters, antenna switchers, coax cable and antennas.

h. References

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

Brown, R. S.  1999.  Winter Ecology of brown trout, white sucker and common carp in the Grand River, Ontario.  Doctoral Dissertation.  133 pp.  University of Waterloo, Waterloo, ON.
n

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.
n

Briggs, C. T., and J. R. Post. 1997a.  Field metabolic rates of rainbow trout estimated using electromyogram telemetry.  Journal of Fish Biology 51: 807-823.
n

Briggs, C. T., and J. R. Post.  1997b.  In situ activity metabolism of rainbow trout (Oncorhynchus mykiss): estimates obtained from telemetry of axial muscle electromyograms.  Canadian Journal of Fisheries and Aquatic Sciences 54: 859-866.
n

Demers, E., McKinley, R. S., Weatherley, A. H. and D. J. McQueen.  1996.  Activity patterns of largemouth and smallmouth bass determined with electromyogram biotelemetry.  Transactions of the American Fisheries Society 125: 434-439.
n

Geist, D. R., C. S. Abernathy, S. L. Blanton, and V. I. Cullinan.  2000.  The use of electromyogram telemetry to estimate energy expenditure of adult fall chinook salmon.  Transactions of the American Fisheries Society 129:126-135
n

Hinch, S. G., R. E. Diewert, T. J. Lissimore, A. M. J. Prince, M. C. Healey, and M. A. Henderson.  1996.  Use of electromyogram telemetry to assess difficult passage areas for river-migrating adult sockeye salmon.  Transactions of the American Fisheries Society 125: 253-260.
n

Weatherley, A. H., P. A. Kaseloo, M. D. Gare, J. M. Gunn., and B. Lipicnik.  1996.  Field activity of lake trout during the reproductive period monitored by electromyogram radiotelemetry.  Journal of Fish Biology 48: 675-685.
n

Section 10 of 10. Key personnel

David R. Geist  will be the project manager for this project.  Richard Brown will be responsible for the day to day operations and supervising the field activities.   

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.
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Master of Science, 1987, Biology, Eastern Washington University, Cheney
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Senior Research Scientist, Ecology group, Pacific Northwest National Laboratory, Richland, WA.  
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Regional Habitat Manager, Washington Department of Fisheries

Most relevant publications

Geist, D.R., C.S. Abernethy, S.L. Blanton, and V. Cullinan.  2000.  “The Use of Electromyogram Telemetry to Estimate Energy Expenditure of Adult Fall Chinook Salmon.” Transactions of the American Fisheries Society 129(1) 126-135.

Swanberg, T., and D.R. Geist.  1997.  “Effects of Intraperitoneal Transmitters on the Social Interaction of Rainbow Trout”.  North American Journal of Fisheries Management 17: 178-181.

Richard S. Brown, Ph. D, PNNL

Dr. Brown is an expert in the use of 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. 
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