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Title
:  Determination of difficult passage areas, migration patterns and energetic demands of upriver migrating salmon and steelhead by examining swimming activity of with EMG and standard transmitters
Section 3. Project description

Provide project detail for headings a through g. 

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.  Another goal is to aid in proper operation of fishways by determining ease of passage at different flows under the presence of different attraction flows.  Movements, habitat use, and energetic consumption of fish during the upstream migration within the Klickitat River watershed will also be examined.  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, and fine tune their operations.  Movement rates, habitat use, and energetic consumption during the spawning migration can identify key habitat types and areas which can be protected or provide information for enhancing instream habitat. This project is not intended to supercede or delay any currently proposed construction in the subbasin, but instead to aid in planning and operation of fishways.  It is important that construction be conducted to meet the needs of the YKFP activities in the Klickitat Subbasin, and pass fish through these inadequate facilities.


This project is very innovative for several reasons.  There has not been a project completed in the Pacific Northwest using electromyogram telemetry under field conditions.  In fact, there have only been a handful of field studies using this technology done in the entire world.  Although this technology is relatively new, it has incredible potential.  This technology allows fish activity to be determined on a scale which has previously been impossible to accurately quantify.  The determination of continuous and precise pin point records of swimming activity can be used in many applications to understand associations between fish behavior and either their natural environment or man-made structures.  This allows for an entirely new way of looking at how we determine how fish passage structures are not only designed, but how they are operated, or improved.  Since this technology allows energy budgets to be modeled for life stages such as spawning, estimates of energy requirements to pass certain obstacles or river passages can also be put into context with larger scale energetic needs.  However, this fairly inexpensive technology has been largely overlooked or misunderstood.  This may largely be due to the complex techniques needed not only for proper surgical implantation of the transmitters, but collection and analysis of the data.  These are skills which qualify the experienced scientists at PNNL to bring this innovative technology to the Pacific Northwest.  


This project was originally submitted under the regional review process.  During the ISRP review, it was recommended that this project be submitted as an innovative proposal.  Thus, this proposal is under review in both venues, in slightly different forms.

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. (2000) examined the relationship between swimming activity and the presence 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 and to examine how different operational schemes can facilitate passage.  Fish will also be implanted with either conventional or EMG radiotransmitters to monitor the upstream migration within the Klickitat river.  This will be done to determine movement rates, habitat use and energetics of fish during the migration.  The goal of this research is to identify areas most critical for habitat improvement efforts (such as passage at natural obstructions, velocity refugia, or holding habitat), guide operation of fishways, and identify key processes and habitats during the spawning migration.  This information can also be used to complement EDT modeling to guide habitat restoration.  Specific plans will be developed with coordination and acceptence 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, Castile Falls and the falls on the Little Klickitat River (~ RM 6).  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 project is not intended to supercede or delay any currently proposed construction in the subbasin, but instead to aid in planning and operation of fishways.


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 incorporate 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.  Finally, this technology will be useful in the evaluation of passage improvements that are constructed.  EMG data will be useful for evaluating the success of passage improvement projects and can be used to fine-tune operations (e.g., attraction flows, ladder velocities) to improve passage conditions for migrating anadromous fishes.

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. Proposal objectives, tasks and methods

Objectives
 

Objective 1. Improve our understanding of where difficult passage areas exist in the Klickitat Basin by evaluating the energetic costs of upstream passage of adult salmonids.  

Objective 2.  Improve our understanding of the implications of energy use at difficult passage areas on the ultimate destination of upstream migrating fish.

Objective 3. Prepare annual report

Tasks and Methods
 

Objective 1. Improve our understanding of where difficult passage areas exist in the Klickitat Basin by evaluating the energetic costs of upstream passage of adult salmonids.  

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

Methods:  Fish may be captured at several locations with coordination with Yakama Nation (YN) at Tribal Dipnet Fishery.  Fish will be captured at Lyle Falls either in the fishway or they will be collected by Yakama Nation harvest monitors or tribal fishers.  Upper basin bound fish will also be captured below Castile Falls, or steelhead may be captured in the Little Klickitat River.  Implantion of EMG transmitters will be done 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.  Following calibration, fish will be released either at a location downstream Lyle Falls, Castile Falls or a waterfall in the Little Klickitat River.  

Task b.
Log output from EMG transmitter implanted fish as they ascend fish ladders and waterfalls. 
Methods.  


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 2.  Improve our understanding of the implications of energy use at difficult passage areas on the ultimate destination of upstream migrating fish.
Task a.  Determine the rate of movement of upstream migrating fish, identify key habitats of migrating and spawning fish such as holding areas and spawning locations and quantify the energetic demands of the spawning migrations and the actual spawning process.
Methods.  Thirty-five fish will be implanted with either conventional (30 fish) or EMG (5 fish) radiotransmitters at Lyle Falls.  Conventionally tagged fish will be monitored full time, locating fish at least every second day.  Locations will be determined and marked using a GPS.  Macrohabitat types will be determined at fish locations to determine holding areas and other key habitat or points of difficulty.  Fish will be tracked through the end of spawning and spawning areas will be identified.  EMG implanted fish will be tracked continuously from the mouth of the river throughout the entire spawning migration and the act of spawning.  A continuous log of transmitter emmissions will allow total energy use during the migration to be quatified.

Objective 3. Prepare annual report
Task a.
Analyze data and produce report/ paper.  
Methods.  Quantify relative swimming speed and energy expenditure within areas of difficult passage.  Associate hydraulic characteristics with swimming speed and energy consumption.  Associate riverine characteristics with migration rates. Outyear exdenditures will  be used to refine post-construction ladder manipulation.

f. 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.
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Section 4. 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. The day to day radiotracking during the majority of the migration will be done under a task order to the Yakama Indian Nation (contact; Bill Sharp) with assistance provided by PNNL personnel as needed.

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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Oregon State University, Corvallis
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Master of Science, 1987, Biology, Eastern Washington University, Cheney
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Bachelor of Science, 1984, Biology, Eastern Washington University, Cheney
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1991 -
Senior Research Scientist, Ecology group, Pacific Northwest National Laboratory, Richland, WA.  
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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 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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Post-doctoral fellow, Ecology group, Pacific Northwest National Laboratory, Richland, WA.  
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   Owner, FRM Environmental Consulting Ltd., Edmonton, AB
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Research Assistant, South Dakota Cooperative Fish and Wildlife 
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Research Technician, Alabama Cooperative Fish and Wildlife 


Research Unit, Auburn University, Auburn, AL. 
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