Project ID:
25035

Title:
Evaluate adult fall chinook salmon fallback at Priest Rapids Dam, Columbia River.

Section 9 of 10. Project description

a. Abstract 
Hanford Reach fall chinook salmon escapement estimates are used to monitor population trends and set harvest quotas.  Further, Hanford Reach fall chinook salmon are becoming increasingly important as other stocks decline in abundance.  In light of these factors, accurate knowledge of fall chinook salmon escapement to the Hanford Reach has become increasingly important.  These escapement estimates are traditionally determined by comparing McNary Dam counts to the number that enter the Yakima and Snake rivers, are harvested, pass over Priest Rapids Dam, or return to hatcheries.  This technique appeared to work well until 1999 and 2000 when Hanford Reach escapement estimates were disproportionately low relative to redd counts.  Preliminary data suggests fallback rates of fall chinook salmon at Priest Rapids Dam could be as high as 44%, and are a likely reason for the run size discrepancy.  Not only does fallback confound accurate escapement estimates, it theoretically depletes adult salmon of a finite energy supply that is needed to successfully reproduce.  The objectives of this study are (1) identify the cause of fall back at Priest Rapids Dam and provide accurate estimates of adult fall chinook salmon escapement above and below Priest Rapids Dam, and (2) compare the energy expenditures of hatchery and wild adult fall chinook salmon passage through the Hanford Reach as compared to passage and/or fallback past Priest Rapids Dam.  Using standard and electromyogram radiotelemetry, we will determine if there is a correlation between operation of Priest Rapids Dam and hatchery, and the number, route, and fate of adult fall chinook salmon fallbacks at Priest Rapids Dam.  The information learned in this study will be useful to managers predicting fall chinook escapement, and in evaluating operational scenarios that can positively or negatively affect the rate and route of adult fall chinook salmon fall back.

b. Technical and/or scientific background
The Hanford Reach contains the largest natural spawning fall chinook salmon population on the mainstem of the Columbia River.  Hanford Reach fall chinook salmon escapement estimates are used to monitor population trends and set management policy including harvest quotas.  For example, federal and state fishery managers rely on these estimates to successfully administer fisheries throughout the Columbia River and Pacific Coast. The Pacific Salmon Commission has designated Columbia River fall chinook a stock group for each of the three aggregate abundance-based management (AABM) fisheries and for the U.S. individual stock-based management (ISBM) fisheries. Three escapement indicator stocks are specified for this stock group: Upriver Bright (including Hanford Reach stock), Lewis River, and Deschutes River.  From 1979 to 1999, the terminal run for upriver bright fall chinook salmon comprised 92% of the combined terminal runs for these three indicator stocks.  Further, Hanford Reach fall chinook salmon are becoming more important as a core population that will be used to recover species listed under the Endangered Species Act (ESA).  In light of these factors, accurate knowledge of Hanford Reach population numbers has become increasingly important.  

Annual escapement estimates for the Hanford Reach are traditionally based on the difference between the number of adults that pass McNary Dam and the sum of the fish that (1) enter the Snake and Yakima rivers, (2) enter the Priest Rapids and Ringold salmon hatcheries, (3) cross upstream over Priest Rapids Dam, and (4) are caught in sport and tribal fisheries.  In other words, Hanford Reach escapement is equal to McNary counts minus the sum of 1 through 4. In the past, this method apparently worked well as annual aerial redd surveys (a direct measure of fish presence in the Reach) correlated well with escapement estimates (Dauble and Watson 1997).  However, during the last two years (1999 and 2000), this method has resulted in disproportionately low escapement estimates relative to redd counts (WDFW and PNNL, unpublished data).  For example, based on the traditional method, escapement of fall chinook salmon to the Hanford Reach averaged around 42,000 adults from 1988 through 1998 (Grant County PUD, unpublished data).  Annual redd counts during these same years followed the escapement trend and averaged about 6,000 redds.  Contrast this with 1999 and 2000 where annual redd counts were 6,086 and 5,381, respectively, but escapement estimates were only 9,812 and 6,997 (WDFW, unpublished data).  Further, WDFW staff recovered approximately 10,000 spawned out fall chinook salmon carcasses in the Hanford Reach during 2000, suggesting something was amiss with the escapement estimates.  

Fisheries managers suspect two reasons for these discrepancies between expected and estimated escapement values.  In 1999 and 2000, upstream migration counts at McNary Dam were under-counted due to misplacement of guidance racks in the Oregon shore fishway.  This problem has now been fixed.  However, even with a correction factor applied to the McNary counts based on previous years data, the escapement estimates in 1999 and 2000 were still too low.  

Adult fall chinook salmon overshoots and subsequent fallback below Priest Rapids Dam is the most likely explanation for the discrepancy between escapement estimates and aerial surveys (Subbasin Summary for the Mainstem Columbia River, March 2, 2001).  This assumption is substantiated by Grant County PUD staff who observed a large number of fish passing back over the dam through the sluiceway in 2000.  In addition, an on-going Columbia River Basin radio telemetry study found that in 2000, of a total of 73 radio tagged adult fall chinook salmon that reached the top of the fish ladder at Priest Rapids Dam, 32 fell back (fallback rate of 44%) and 9 of these fish fell back twice (unpublished data supplied by Ted Bjornn, University of Idaho).  In addition, of the 25 fish that did not re-ascend the dam in 2000, 8% died before spawning.  The fallback rate reported by Bjornn is much higher that the 15% rate observed for fall chinook salmon at Priest Rapids Dam in the early 1990s (Stuehrenberg et al. 1995).  The fallback rate is consistent with what WDFW estimated would be necessary (~50%) to adjust the Priest Rapids Dam counts downward to be more consistent with expected escapement estimates in the Reach.  Anecdotal evidence suggests that most of the fish fall back was via the sluiceway but other routes could include the turbines or fishways.  

Fallback of upstream migrating salmonids is not a new phenomenon and has  been documented at hydroelectric projects throughout the Columbia River Basin for years.  It is noteworthy, however, that the rates observed at Priest Rapids Dam in 2000 were higher than studies we reviewed.  For example, fallback rates of radio-tagged spring/summer chinook salmon and steelhead at The Dalles Dam during 1996-98 ranged from 6.8% to 18.3% (Bjornn et al. 1999).  Fallback percentages were similar for fish passing Bonneville Dam with 13.8%, 15%, and 12.3% of all fish with transmitters falling back one or more times in 1996, 1997, and 1998, respectively (Bjornn et al. 1999).  Approximately 31% of the fall chinook that crossed Ice Harbor Dam fell back and did not spawn in the Snake River that year (Mendel et al. 1997).   

Operation of the Priest Rapids Salmon Hatchery may be contributing to the amount of fall back at Priest Rapids Dam (Paul Hoffarth, WDFW, personal communication).  Broodstock used for the Priest Rapids Hatchery program are obtained as volunteers that return to a trap located in the outlet channel which drains into the Hanford Reach approximately 4 km below the dam.  Fish entering the outlet channel must swim approximately ½ mile up the channel before encountering the hatchery trap.  In 2000, a weir was constructed at the mouth of the channel to keep fish out until needed in the hatchery.  Prior to the installation of the weir, the only way to keep fish out was to shut water off in the outlet channel.  The water source for the hatchery is a combination of surface water (~120 cfs) withdrawn from the Columbia River upstream of Priest Rapids Dam and well water (~16 cfs).  Once the trap is opened, an approximate mixed well water/river -origin water discharge of 100 cfs attracts returning fall chinook to the hatchery outlet channel.  

One hypothesis that we propose to test is that fish returning to the Priest Rapids Hatchery are overshooting the hatchery because of poor attraction to the mouth of the outlet channel.  During 1999, there was no attraction flow to the river in early September to attract fish to the hatchery because the trap was not operational until mid September; in previous years the trap has been opened on September 1.  In 2000, a weir was in place to regulate fish entrance to the outlet channel.  Hatchery managers abandoned its use during the migration season because they were concerned the hatchery would not meet its egg-take goals because it appeared fish were avoiding the weir.  We do not know how the water (i.e., attraction flow) was managed during the period the weir was in place, but if attraction flows were not being provided early in the migration, fish may have bypassed the outlet channel and headed upstream over the dam.  This theory seems plausible as the water source for the hatchery is upstream of the dam and fish may have been attracted to it.   

There is very little information that can be used to assess the impacts of fallback to energy use and, ultimately, pre-spawning mortality.  Pacific salmon and steelhead enter streams several months before they spawn (Groot and Margolis 1991) and, because feeding ceases when they enter freshwater, have a finite amount of energy reserves with which to migrate upstream, produce gametes, and complete their life history.  An excessive use of energy due to various complications associated with fallback during their upstream migration could limit or stop the complex physiological processes necessary for sexual maturation and successful reproduction.  Anecdotal evidence of a higher than normal number of pre-spawning mortalities found in Hanford Reach fall chinook salmon during 1999 and 2000 has been noted (WDFW and PNNL, unpublished data).  Because adult fall chinook salmon experience such things as high water velocities and elevated temperatures during fallback, some of their energy use may involve swimming to fatigue.  Many studies have shown that exhaustive exercise results in a variety of severe physiological disturbances in different species of fish (Driedzic and Kiceniuk 1976; Wood et al. 1983; Cameron and Cech 1990; Tufts et al. 1991; Pagnotta and Milligan 1991).  It is also known that severe exercise may result in the death of fish several hours after exercise has ended (Wood et al. 1983).  In addition to physiological dysfunction and delayed mortality, exhaustive exercise (and many other types of stressors) may alter several aspects of reproduction in fish.  For example, several studies have demonstrated that stress may severely alter levels of reproductive hormones in fish (Pickering et al. 1987; Carragher et al. 1989; Carragher and Pankhurst 1991; Melotti et al. 1992; Pankhurst and Dedual 1994).  Campbell et al. (1992) reported that exposure of female hatchery rainbow trout to acute stress resulted in smaller egg size, delayed ovulation, and lower survival of larvae compared to unstressed fish.  Thus, if adult fall chinook salmon passing over Priest Rapids Dam are even occasionally swimming to exhaustion, the potential for physiological changes, altered reproductive performance, or even delayed mortality seems high.  

Electromyogram (EMG) telemetry (Geist et al. 2000; Brown et al. 2000; Mesa et al. 2001) makes it possible to assess changes in energy use of adult salmon in response to fallback and delay at Priest Rapids Dam.  The EMG radio transmitter is part of a biotelemetry system capable of obtaining, transmitting, and recording an integrated EMG pulse signal that represents the time between muscle contractions.  The EMGs are records of bioelectric potential and are correlated with the strength and duration of muscle contraction (Kaseloo et al. 1992).  As the activity level of an animal increases, the EMG pulse rate increases because the interval between muscle contractions decreases.  Oxygen consumption is also correlated with muscle contraction; oxygen consumption increases as activity increases.  Therefore, there is a positive relationship between the consumption of oxygen and the EMG pulse rate (Geist et al. 2000; Brown et al. 2000; Mesa et al. 2001).  Because oxygen consumption is an indirect estimate of active metabolism (Adams and Breck 1990; Cech 1990), the EMG signal becomes an indicator of active metabolism.  Additional details on the EMG technology are given in Kaseloo et al. (1992), Hinch et al. (1996), and Demers et al. (1996).  Because of the success of EMG telemetry in evaluating the physiology and behavior of fish in the wild, we believe this technique will allow a rigorous assessment of the routes these fish take and the stressful effects of fall back of fall chinook salmon at Priest Rapids Dam.  By combining laboratory derived relations between metabolic rate and EMG with telemetered data from adult salmonids migrating in the wild, it will be possible to provide a unique and powerful means of assessing the energetic costs of fall back and elevated temperatures to fall chinook salmon at Priest Rapids Dam.

Obviously fallback of fall chinook salmon over Priest Rapids Dam creates problems in making accurate escapement estimates in the Hanford Reach and in the Wanapum Dam tailrace.  This in and of itself is a serious management dilemma that needs attention.  A secondary issue is whether the ultimate return destination affects whether a fish overshoots the dam and falls back.  For example, do hatchery fish have a higher propensity to overshoot the dam and fall back than do fish which will naturally spawn in the Hanford Reach?  If hatchery volunteers do overshoot the dam, does this increase the likelihood they will spawn naturally?  Would this be a net-positive (i.e., colonization of new habitat in the tailrace of Wanapum Dam) or a net-negative (i.e., loss of individuals from the Hanford Reach)?  Knowledge regarding the extent of fall back at Priest Rapids Dam has management implications relative to whether fall back and reascension affects the stock’s long-term fitness.  For example, does the passage over Priest Rapids Dam and fall back below the dam result in an increase in energy consumption by these fish to the point where reproductive fitness is compromised?  If the majority of the fish that fall back are fish that will ultimately end up in the hatchery, is energy use an issue that is of concern?  These are but some of the questions this study will address.

c. Rationale and significance to Regional Programs
Fallback of adult fall chinook salmon at Priest Rapids Dam is identified in the Mainstem Columbia River Subbasin (Columbia Plateau Province) Summary as a limiting factor and a needed research topic.  A specific strategy identified in the Subbasin Summary is to “Improve annual escapement estimates of Hanford Reach fall chinook salmon by improving estimates of fall back at Priest Rapids Dam, tributary escapement, sport harvest, hatchery return, and redd counts” (p. 58, Subbasin Summary for Mainstem Columbia River, March 2, 2001 draft).  The recommendation of the Subbasin Summary is to “Assess fall chinook salmon fall back at Priest Rapids Dam. The effects of fall back on the estimation of escapement to spawning areas above and below PRD is critical to the management of these populations. Further, the implications of fall back on the energy reserves of the adult fall chinook salmon that fall back over PRD needs to be understood in order to allow managers the ability to perform a risk assessment of the factors that may affect fall back rates (e.g., the operation of the PR hatchery channel/trap)” (p. 71, Subbasin Summary for Mainstem Columbia River, March 2, 2001 draft).  There is currently no on-going study that can address this need.

The assessment of the effects of fallback and delay on the energetics of adult salmonids in the Columbia River Basin is also recommended in the National Marine Fisheries Service (NMFS) 2000 Federal Columbia River Power System (FCRPS) Biological Opinion (BIOP).  For example, Action 107 set forth in Reasonable and Prudent Alternative (RPA) Section 9.6.1.6.1, directs “The Action Agencies [BPA, USACE, and BOR] shall conduct a comprehensive evaluation to assess survival of adult salmonids migrating upstream and factors contributing to unaccounted losses” (p.9-110 and 111, NMFS FCRPS BIOP, December 21, 2000).  The assessment of the relationship between adult survival and fallback and energy expenditure is a specific objective recommended by NMFS.  Further, under Action 118 set forth in RPA Section 9.6.1.6.2, NMFS directs the Action Agencies to fund “studies to assess the effects of upstream migration of adults through the hydrosystem (including the thermal environment through which they must migrate) on their overall fitness and spawning success, including energy budgets (emphasis added), ability to complete spawning behavior, and successful production of quality gametes.” (p. 9-116, NMFS FCRPS BIOP, December 21, 2000).

The Independent Scientific Advisory Board (ISAB), in their recent report on adult salmonid passage (ISAB 1999), stated: “correction or prevention of problems with adult passage deserve more attention than they have received.  Many questions remain about the effects of delay or extra energy expenditure en route upstream on the ultimate ability of adults to spawn successfully. There is currently no research program of which we are aware that is designed to satisfactorily answer this question. The question whether the proposed measures in the Corps' capital construction budget represent a sufficient set must be viewed in a larger context than simply a project-by-project review of desirable modifications of ladders and their associated facilities at mainstem and Snake River dams. The larger perspective would address questions about whether those specific measures succeed in allowing an adequate number of adult salmon and steelhead to reach their spawning grounds in a physical condition required for successful spawning. Measures to improve passage for adult salmon should bring the cumulative conditions for passage closer to what was probably experienced in the evolutionary history of the fish, i.e. examining what the normative condition might be. While the design of facilities for upstream passage of adult salmon has by necessity considered the adaptation of adults to upstream movement, it is apparent that there is still much to be learned, as reflected in the continuing modifications of fishways, which involve capital construction costs. Minimizing the delay and expenditure of energy by adult salmon are important passage criteria.  Uninterrupted provision of passage at each individual fishway is important to smooth transit of adults upstream.”
d. Relationships to other projects 
There are currently three on-going radio telemetry studies at Priest Rapids Dam. The Mid-Columbia Public Utility Districts (Grant, Chelan, and Douglas counties) are funding an evaluation of steelhead migration through out the mid-Columbia River Dams, including Priest Rapids Dam. Grant County PUD (GCPUD) is also funding a radio telemetry study of adult lamprey passage at the Wanapum and Priest Rapids dams. We will be able to coordinate efforts to share information and receiving stations with these projects. This will greatly enhance the productivity and level of success of these projects as well as the proposed project.  In addition to these two studies, the University of Idaho maintains receiving stations at the top of the two ladders at Priest Rapids Dam. As part of an ongoing adult fall chinook salmon telemetry project (Ted Bjornn, PI) the University of Idaho inserts radio tags in ~ 1000 fall chinook at Bonneville Dam. These radio tagged fish would be utilized by our project as described under objective 1. By coordinating efforts with the University of Idaho both projects will be able to augment their data in a cost-effective manner. 

The Pacific States Marine Fisheries Commission currently operates a fall chinook coded-wire tag (CWT) recovery project in the Hanford Reach. We will be able to coordinate efforts while both projects are in the river in the fall to increase their CWT recovery and the proposed project’s radio tagged fish recovery. In order to accurately estimate juvenile fall chinook production within the Hanford Reach, WDFW fishery managers rely on accurate abundance estimates. A primary component for abundance estimates is an accurate spawning population estimate.  In order to supply this accurate spawning population estimate, fallback rates at Priest Rapids Dam need to be assessed. Since the Hanford Reach contains the largest natural spawning fall chinook population on the mainstem of the Columbia, federal and state agency managers rely on these estimates to successfully administer fisheries throughout the Columbia River and Pacific Coast. The Pacific Salmon Commission has designated Columbia River fall chinook a stock group for each of the three aggregate abundance-based management (AABM) fisheries and for the U.S. individual stock-based management (ISBM) fisheries. Three escapement indicator stocks are specified for this stock group: Upriver Bright (Including Hanford Reach stock), Lewis River, and Deschutes River fall chinook. From 1979 to 1999, the terminal run for Upriver Bright fall chinook comprised 92% of the combined terminal runs for these three indicator stocks. 

It should be noted that these on-going radio telemetry studies at Priest Rapids Dam are not evaluating the route adult fall chinook salmon take when they fall back, what their ultimate fate is, or whether this behavior is related to the ultimate destination of the fish (i.e., hatchery or natural spawners).  These studies are also not specifically evaluating whether fall back is related to operational scenarios at the dam or hatchery.  

e. Project history (for ongoing projects) 

This is a new project.

f. Proposal objectives, tasks and methods
The objectives of this study are (1) within two years of implementing this study, identify the cause of fall back at Priest Rapids Dam and provide accurate estimates of adult fall chinook salmon escapement above and below Priest Rapids Dam, and (2) within three years of implementing this study, compare the energy expenditures of hatchery and wild adult fall chinook salmon passage through the Hanford Reach as compared to passage and/or fallback past Priest Rapids Dam.      

Objective 1 – Within two years of the implementation of this study, identify the cause of fall back at Priest Rapids Dam and provide accurate estimates of adult fall chinook salmon escapement above and below Priest Rapids Dam.  

We will test two hypotheses under this objective:

1.  Better estimates of the escapement of fall chinook in the Hanford Reach can be made by quantifying the rate of adult fall chinook salmon fall back at Priest Rapids Dam.

2.  The rate, route, and ultimate fate of adult fall chinook salmon that fall back at Priest Rapids Dam is related to operation of the Priest Rapids Hatchery, fish spawning destination (river or hatchery), or dam operations.  

We will use radio telemetry data to test both hypotheses.  Both hypotheses rely on monitoring fish that newly encounter Priest Rapids Dam, i.e., fish that are not biased from a previous fall back event.  This prohibits us from capturing fish in the Priest Rapids fishway.  We considered capturing and tagging fish at McNary Dam for use in this study as we assume these fish have likely not encountered Priest Rapids Dam.  Based on data provided by Ted Bjornn, University of Idaho, we estimate that we would have to tag about 450 fish at McNary Dam in order to get 30 to 50 fall back events at Priest Rapids Dam; we assume 30 to 50 fallback events will be representative of the true fallback rate.  There currently is no adult collection facility or trap at McNary Dam.  Handling and tagging fish at that location would be possible, but cost-prohibitive unless other studies could be linked to those fish.  Therefore, we eliminated this as an option.

Rather, we are proposing to take advantage of on-going studies to complete this objective.  For example, as part of a U.S. Army Corps of Engineers funded study of adult salmon migration in the Columbia River Basin, the University of Idaho (UI) has been monitoring the fall back rate of adult fall chinook salmon at Priest Rapids Dam since the early 1990s.  We assume that additional data will be collected in 2001.  Therefore, we are proposing to acquire data from the UI that will assist us in better documenting the distribution of fall chinook salmon that pass above McNary Dam.  This will allow us to make better estimates of fall chinook salmon escapement in the Reach.

This doesn’t, however, help us answer why fish are falling back at Priest Rapids Dam at higher rates in the last two years than previously observed.  Although the UI study can determine the percentage of adult fall backs at Priest Rapids Dam, there presently are not sufficient monitoring efforts underway to determine the route or ultimate fate of fish that pass over and fall back at Priest Rapids Dam, and ultimately relate this data to operations at the dam or hatchery.  Therefore, our second hypothesis will require additional monitoring.  

If funding for our study can be put in place by October, 2001, we will be able to install additional receivers and monitor fish that UI tags this year (2001).  The benefits of increased monitoring of existing tagged fish at Priest Rapids could be substantial.  For example, in 2000, the UI tagged 1,116 fall chinook salmon at Bonneville Dam, and ultimately about 400 of these fish entered the Hanford Reach.  A portion of these fish (~73) passed over Priest Rapids Dam with 32 falling back; there were actually more fall-back occurrences as some of the fish fell back more than one time.  In late summer/early fall, 2001, the UI will again be tagging approximately 1,200 adult fall chinook salmon at Bonneville Dam.  We assume that a similar number of fish will be available to monitor at Priest Rapids Dam.  It is unknown whether the lower Columbia River adult telemetry study will be conducted again in FY 2002.

Assuming fish are tagged at lower river locations in 2001 and 2002, we propose this objective be completed in the first two years of the study.  As indicated above, the first hypothesis can be tested using existing data.  However, the second hypothesis requires that tagged fish are available for us to study. The product at the end of year 1 will be a report that describes the detailed experimental design (Task 1.1) and the results from the first year’s field work.  At the end of year 2, a final report will be prepared that will describe the results from objective 1, including an evaluation as to the cause of the fall back at Priest Rapids Dam.     

Tasks

1.1  Prepare study plan including set-up of receiving stations at the dam, equipment purchase, and organization of personnel.

A study plan will be prepared that will describe the specific locations of radio telemetry receiving stations, radio tracking protocols, and data management/analysis.  The study plan will also describe how we will analyze the data and what specific questions we will address in the final report.

1.2  Set up receiving stations at dam and calibrate receiving systems.

Receiving stations will consist of a radio receiver and digital signal processor (DSP), and a combination of aerial and underwater antennas.  We will use existing radio telemetry receiving stations where possible.  For example, GCPUD contractors have installed underwater and aerial antennas at the sluice, turbines, and fishways at Priest Rapids Dam.  They have also installed antennas in the tailrace and forebay areas.  The University of Idaho has one receiving station at the top of each fishway.  Rather than duplicating these systems, we will attempt to coordinate our activities and equipment needs with these studies.  This will result in significant cost savings to BPA.  

However, we will need to acquire (rent) additional radio receivers and DSPs.  This is because the transmitters that we will be scanning for (149 MHz) are on a different frequency than the transmitters used by GCPUD contractors (148 MHz).  At present, the UI receiving station at the top of each ladder is the only receiver that can decode the 149 MHz transmitters.  We have initiated consultation with GCPUD contractors on the possibility of splitting off their antennas with a receiver/DSP that can scan the 149 MHz transmitters.  Where practical, existing SRX400 receivers monitoring the tailrace and fishway entrance zones could be programmed to scan the 149 MHz channels.  All receiving stations will be used to record activity levels of fish (see Objective 2).

Calibration will consist of determining the spatial area of each antenna’s receiving zone.  Where appropriate, this will assist us in determining route specific fallback and, in the case of Objective 2, route specific energy utilization.

1.3  Manually track tagged fish in the study area.

As indicated above, we are not proposing to tag additional fish to complete this objective, but rather to rely on fish being tagged in other on-going studies.  We are proposing three teams of two staff tracking fish (pre and post-spawn) October through December.

Manual tracking methods will include boat, truck, and foot.  We will monitor the Hanford Reach from Priest Rapids Dam downstream to Richland, Priest Rapids Fish Hatchery, Priest Rapids Dam including fishways and other areas accessible to mobile trackers, the forebay of Priest Rapids Dam, and the tailrace of Wanapum Dam.   Fish position will be determined using either landmarks, or a global positioning system (GPS) that will record the position of the tracker.  An estimated position of the fish will be based on antenna type, power readings, and estimated direction and distance to the transmitter.  Hard copies of fish position will be recorded.  At the end of each survey, data will be downloaded to a PC and backed up on compact disk.

We will also attempt to locate fish post-spawning (peak is early-November) to assess egg retention.  We will assign a team to assist WDFW carcass recovery program.  Once fish are located, we will attempt to recover the carcass to assess egg retention.

1.4  Monitor fixed receiving stations, download data, back-up, and manage data.

Fixed stations will be monitored at least twice weekly.  Proper operation of the receiver and antenna system will be confirmed.  Once a week, and more frequently if necessary, telemetry receivers will be downloaded and backed-up on a compact disk. We will assess the adequacy of our download schedule from the perspective of in-season data analysis needs in order to assure that we obtain the data in a timely manner while minimizing the time that each receiver will be shut down to download data.  These data will be transferred to the LGL FTP site.  Where possible we will coordinate this with other studies that are on-going at Priest Rapids Dam.

LGL data managers in Sidney will be responsible for the maintenance of the FTP site.  All data will be organized and processed LGL’s Telemetry Manager software.  This software facilitates efficient analysis through the clear definition of each detection zone, noise filtering criteria and automated data loading and summary procedures.  In-season data analysis will be used to detect any systematic problems with receiver operations, missing files, site-specific noise levels, fish distribution between the various dam passage routes, migration speeds, and preliminary estimates of detection efficiency for each antenna array.  These analysis and associated outputs will allow in-season maintenance and repair of the telemetry systems.  

1.5  Analyze data.

Once all the data is queried for completeness and accurateness, it will be used to make fish tracks for individual fish as well as to determine the percentages of fish that enter the Hanford Reach which (1) are caught in sport fishery, (2) spawn in the Reach, (3) enter the Priest Rapids Salmon Hatchery, (4) die before spawning, and (5) pass Priest Rapids Dam.  Of the fish that pass Priest Rapids Dam, we will assess the percentage of those fish that fall back including the number of fish that fall back more than one time.

The percentages of fish that enter 1-5 will be compared against the total number of fish counted at McNary Dam, and we will estimate (with confidence intervals) the number of fish that spawned in the Hanford Reach. 

Data analysis will also include an evaluation of the specific routes that adult took as they fell back over the dam.  In past studies at Priest Rapids Dam, a fallback event was defined as a tag detected at a fishway exit and subsequently detected in the tailrace or at a fishway entrance.  Specific fallback routes have been assigned for those fish detected by forebay antenna monitoring the spillways, sluice or powerhouse units prior to being detected in the tailrace or at a fishway entrance.  

Correlative comparisons to hatchery and dam operations will also be done.

1.6  Prepare annual report including escapement estimates of Hanford Reach fall chinook salmon.

In-season reports will provide preliminary information on the passage times for every fish detected at Priest Rapids and identify all fallback fish along with the last detection location for each fish.  An annual report will be presented to the fish managers in year 1.  A final report in year 2 will be prepared that summaries the results of objective 1.

The first year report will evaluate hatchery and dam operations over the past 10 years, with specific emphasis on operations/activities that have changed in the past two years (i.e., 1999 and 2000).  Radio telemetry data will be provided by other researchers for previous years.  Hatchery operations may include, but not be limited to, dates when hatchery inlet creek opened, changes in structure or function of the exclusion rack, amount of water released and when release occur, and management of juveniles prior to release.  Dam operations may include, but not be limited to, the amount of flow released through turbines versus through sluiceway, amount of flow and source of water used as makeup water in the adult ladder, and operation of the adult trap/fishway.

Objective 2 – Within three years of implementing this study, compare the energy expenditures of hatchery and wild adult fall chinook salmon passage through the Hanford Reach as compared to passage and/or fallback past Priest Rapids Dam. 

We will test 5 hypotheses under this objective:

1. The energy use of adult fall chinook salmon that fall back at Priest Rapids Dam is related to operation of the Priest Rapids Hatchery, fish spawning destination (river or hatchery), or dam operations.  

2. There is a relationship between fallback routes at Priest Rapids Dam with associated energetic expenditures and egg retention in fall chinook.

3. Fallback and delay in migration associated with the encountering of Priest Rapids Dam is a significant source of energy consumption by fall chinook.

4. An energy budget for Hanford Reach fall chinook can be established with the use of EMG radio transmitters.

5. Energetic expenditures for spawning fall chinook can be determined with the use of EMG radio transmitters.

This objective will be accomplished over three years.  To accomplish this objective, we plan to use electromyogram (EMG) radio transmitters.  EMG studies are usually accomplished in two phases with phase 1 an assessment of oxygen use over a range of temperatures and swimming speeds, and phase 2 the assessment of swim speed based on the relationship between EMG pulse rates and swim speed.  The results from phase 1 (oxygen consumption trials) are then compared to phase 2 (calibration and field data) in order to determine how much energy fish used while they were in the wild (energy calculated based on oxygen readings and an oxy-caloric equivalent of 3.25 cal/mg O2 (Brafield and Solomon 1972).  

A key question we will address with this objective is whether fish destined to spawn in the river versus in the hatchery are overshooting Priest Rapids Dam and falling back at similar or different rates.  At present, we can not determine stock origin of adults at the time of tagging.  Therefore, we will assume that fish captured from the Priest Rapids Hatchery are hatchery-destined fish, fish captured in the river are destined to spawn in the river, and fish captured in the ladder are a mixture of both.  We anticipate that by using fish from the hatchery we can control for the effects between spawning destination and test hypothesis one.  

The second hypotheses will be tested by comparing egg retention in recovered carcasses with the total energy used from the time the fish was tagged with the EMG transmitter.  By tracking individual fish over the course of long periods (i.e., several hours) in different locations (within the river, fishway, tailrace, etc), we will gather information on the activity-specific (holding, swimming, spawning, etc.) energy utilization that will allow us to test hypotheses 3, 4, and 5.

Phase 1 of the EMG objective will be accomplished with Tasks 2.1 and 2.2 in year one (FY 2002).  The product at the end of year 1 will be a report that describes the detailed experimental design (Task 2.1) and the results from the oxygen consumption trials (Task 2.2).  Phase 2 will be accomplished by Tasks 2.3 through 2.8 in year 2 (FY 2003) and year 3 (FY 2004).  At the end of year 2 a progress report will be prepared that will describe the previous year’s field work.  At the end of year 3, a final report will be prepared that will combine results from both study objectives.  

Tasks

2.1  Prepare study plan including set-up of receiving stations at the dam, equipment purchase, and organization of personnel.

A similar study plan as prepared above will be prepared for the EMG study.  Included in the study plan will be standard operating protocols for the development of oxygen-use curves, surgical procedures, animal care protocol (required by PNNL and federal government), calibration procedures, and handling/release of fish.  It will also include a description of how data will be analyzed and reported, including key questions that we will address.

2.2  Measure oxygen consumption rates of fall chinook salmon adults swam at a range of temperatures over a range of swim speeds.

Inherent in the use of EMG telemetry is the development of accurate oxygen consumption curves relative to swim speed.  One of the proposal’s authors (Geist) conducted work on fall chinook salmon in 1997.  Additional data is needed to corroborate the 1997 results.  

We anticipate the need to transport about 30 fish from Priest Rapids Salmon Hatchery to the PNNL aquatic facility.  Each fish will be held in an outdoor circular tank supplied with well water, with no more than 4-6 fish per tank.  Fish will be acclimated to one of three temperatures (~10 fish each temperature) at a rate not exceeding 2 C/day.  The specific temperatures tested will represent the range of temperatures fall chinook salmon experience during their upstream migration.  Once at that temperature, fish will be placed in a respirometer and allowed to acclimate overnight.  Following acclimation, oxygen use will be measure over a range of swim speeds that approximate the speeds fish would encounter in the wild.  The product of this task will be a series of three curves (one for each temperature) that will show the relationship between swim speed and oxygen consumption.

2.3  Set up receiving stations at dam and calibrate receiving systems.

Set-up was described under Task 1.2.  The only significant difference for EMG telemetry will be to ensure that antennas are situated and calibrated to an appropriate spatial scale to identify route specific energy use.

2.4  Capture fish, insert radio transmitter, and release fish.

The evaluation of the energy expended during a specific fall back event is assumed to be independent of previous fall back events.  Therefore, the source of fish for this objective need not be un-biased fish and we are proposing to collect fish in the ladder at Priest Rapids Dam, in the Priest Rapids Hatchery Trap, and in the sport fishery.  

We estimate that a sample size of 30-50 crossing and fallback events will be sufficient to evaluate the energetics associated with a fallback event.  This is based on a review of other EMG studies (Hinch et al. 1996; Okland et al. 1997; Hinch and Bratty 2000; Brown et al. 2000).  Tagging 130 fish with EMG tags should provide us with the required sample of crossing and fallback events needed.  These sample sizes are based on the assumption that fallback will not vary widely from the rate observed by the U of I in 2000.  Therefore, we are proposing to capture and tag 130 fish (30 from hatchery, 30 from river, and 70 from ladder) for placing EMG tags, and 50 fish (10, 10, and 30 from hatchery, river, and ladder, respectively) for placing esophageal tags.  The 50 esophageal tagged fish will be used as a control to determine if fish behavior post-release is significantly effected by the surgically implanted EMG tags.  Fish from the river will be collected by hook and line or tangle nets, depending on our ability to get approvals from the management agencies and our success rate with each technique.  

Once fish are captured, each EMG fish will be tagged with an EMG radio transmitter (Lotek Engineering, Inc.).  The EMG transmitter presently available measures 5 cm long, 1.5 cm in diameter, and weighs 20 g in air.  They have two steel-wire electrodes and an antenna trailing from one end.  The steel-wire electrodes are implanted into the swimming muscle of the fish using well publicized surgical procedures  (e.g., Mesa et al. 2001; Geist et al. 2000; Brown 2000).  Non-EMG fish will be given an esophageal radio transmitter consistent with standard protocol (Bjornn et al. 1999).

Following an appropriate recovery period (e.g., 24-48 hs), each tagged fish will be calibrated in a respirometer.  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).  Oxygen-use – swim speed calibrations will be based on a previous study on Hanford Reach fall chinook salmon (Geist et al. 2000) supplemented by an appropriate number of fish from this study (Task 2.2).  Since the EMG vs. swim speed curve is different for individual fish, each fish will need to be calibrated.

Following calibration, fish will be released into the river.  Fish will be released at various locations including upstream and downstream of the fishways, and well above (e.g., Wanapum tailrace) or well below (e.g., Ringold) Priest Rapids Dam.  Releasing them upstream will increase our probability of getting a fallback event.  Releasing them downstream of the dam would allow us to gather EMGs from fish re-ascending the ladder.  Fish that are released near spawning areas will also be monitored to assess the energy demands of spawning activity.  

2.5  Manually track tagged fish in the study area.

Manual tracking methods will be similar to those described in Objective 1, and will include boat, truck, and foot.  The only significant difference in manual tracking under Objective 2 as opposed to Objective 1 will be the length of time we track individual fish.  Ideally, we will be able to continuously follow individual fish as they encounter the dam, ascend the fishway, and, if they do so, the fallback event.  We will also follow fish while they are swimming upriver through the Reach or in Priest Rapids Pool so that we can assess differences in energy use between habitat types.  We will focus our efforts in the vicinity of the dam, but will also include the Hanford Reach, Priest Rapids Fish Hatchery, Priest Rapids forebay, and the tailrace of Wanapum Dam. 

As in Task 1.3, we will attempt to locate fish post-spawning to assess egg retention.  We will assign a team to assist WDFW carcass recovery program to ensure that at least three boat crews are on the river following peak spawning to find as many radio-tagged carcasses as possible.

Fish position will be determined using either landmarks, or a global positioning system (GPS) that will record the position of the tracker.  An estimated position of the fish will be based on antenna type, power readings, and estimated direction and distance to the transmitter.  Hard copies of fish position will be recorded.

At the end of each survey, data will be downloaded to a PC and backed up on compact disk.

2.6  Monitor fixed receiving stations, and download and back-up/manage data.

Fixed stations will be monitored at least twice weekly.  Proper operation of the receiver and antenna system will be confirmed.  Data will be downloaded to a lap top computer and backed-up to compact disk.

Data will be input to a relational database (e.g., Access).  The data will be sorted by channel and code, and erroneous (noise) readings will be removed.

2.7  Analyze data.

Once all the data is queried for completeness and accurateness, it will be used to make fish tracks for individual fish.  We will assign an average EMG value to each fish position.  This average will be based on at least 30 EMG readings per position.  Later, we will assign a swim speed to each position (based on the individual’s calibration data) and an oxygen consumption value (based on the oxygen consumption curves).  Oxygen values can be converted to energy use using the oxy-caloric equivalent previously described.

Energy consumption will be calculated for different activities, e.g., passing through fishways, migrating through the reservoir or river, spawning, fallback, and holding in hatchery.  Each consumption value will be used to assess a cumulative energy budget for Hanford Reach fall chinook salmon.  

Comparisons of energy use will be made between hatchery operations (attraction flow on or off, weir open or closed), hatchery or river destined fish, and hydro operations (e.g., sluice open or closed, turbine unit operation changes).

Comparisons of egg retention will be made between recovered fish. A correlation will be investigated between fallback routes with the associated energetic expenditure and egg retention. 

Comparisons will be made between EMG and non-EMG tagged fish to determine if the surgical procedure associated with the placement of the EMG transmitter affects fish behavior.

2.8  Prepare annual report.

An annual report will be presented to the fish managers each year (consistent with Objective 1 above).  A final report in year 3 will be prepared that summaries the results of Objective 2 (and Objective 1).

The first year report will describe the detailed experimental design and the results from the oxygen consumption trials. The second annual report will summarize field activities from year 2. This report will also include (but not be limited to) results to date for comparative energy use and fallback routes, egg retention rates and energy consumption estimates during fallback and delay. The final report during year 3 will include a summary of project activities. Final results of objective 2 (and objective 1), including full analysis of all hypotheses, will be presented.

This is the schedule to complete objectives and tasks as proposed.  Notice that some tasks are conducted twice during the same fiscal year (e.g., FY02, Objective 1, Tasks 1-2).  This is because the field work spans two fiscal years.    
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Key assumptions to completing this study as proposed

The 2001 migration begins before the beginning of FY 2002.  In order to be able to take advantage of these already tagged fish will require that funding for our study can be put in place prior to the 2001 fall chinook salmon migration at Priest Rapids Dam.  If funding is not in place, we will be forced to delay the start-up and completion of the proposed work by one year.

Fall chinook salmon caught at or below McNary Dam will be tagged by other researchers as part of other studies.

EMG transmitters in FY 2003 are coded and SRX-400A receivers with DSP are able to simultaneously hear currently coded transmitters and EMG transmitters with the same firmware.

Permits (including ESA consultation and collection) and approvals (consultation) can be acquired to capture, handle, and tag upriver bright fall chinook salmon at Priest Rapids Dam fish way.

Radiotelemetry data are available from other researchers for use in testing hypothesis one under Objective 1

g. Facilities and equipment
The Pacific Northwest National Laboratory (PNNL), operated by Battelle Memorial Institute for the U.S. Department of Energy, is available for this project.  The PNNL contains state-of-the-art research equipment including equipment necessary to conduct this study.  This includes bench-top laboratory sensors and meters, swimming respirometers, aquatic laboratory facility including the capability of holding large salmon over extended time periods, and fish hauling equipment to move fish from one location to another.  PNNL and WDFW researchers also have access to two of the three boats needed (one is in the budget), vehicles to haul boats, some radio telemetry receivers (although more will be needed), and other field gear necessary to complete this study. Finally, PNNL and WDFW staff have access to state-of-the-art computers, geographic information systems, and other computer equipment to monitor and display fish position.

Our cooperative arrangement with LGL Limited gives us access to a unique radio telemetry data processing system that LGL developed in 1992-93.  The data processing procedures will be similar to that originally designed by LGL for Chelan County PUD for their 1994 adult chinook passage study on the Chiwawa River.  The software has subsequently been extensively modified and tested during a large-scale steelhead and coho radio telemetry study on the Skeena River in 1994, and three other adult salmon telemetry studies in 1995.  The software provides all the basic data processing functions, from reading the downloaded data files to building relational databases and providing data summary displays.  The software has been designed to facilitate the typical modifications necessary to customize the data processing for each study (e.g. multiple species and release sites, antennae locations, tags used, criteria for filtering noise).
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David R. Geist  (PNNL) will be the project manager for this project (20% FTE/360 hs in FY02).  Richard Brown (PNNL; 36% FTE/684 hs) and Mark Wachtel (WDFW; 100% FTE/1920 hs) will be responsible for the day to day operations and supervising the field activities. Paul Hoffarth and Rick Watson (WDFW) will provide management consultation and will be ultimately responsible for making escapement estimates for Hanford Reach (both ~15% FTE/280 hs).  Mr. Karl English, Bill Koski, and Bryan Naas, LGL Limited, will be responsible for telemetry data management and production of in-season reports.

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.  Dr. Geist is also a recognized expert in the aquatic ecology of the Hanford Reach and was recently appointed by the Secretary of the Interior to the Hanford Reach National Monument Federal Advisory Committee.
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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 electromyogram radio telemetry.  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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· Master of Science, June 1994, Zoology, University of Alberta, Edmonton

· Bachelor of Science, December 1988, Wildlife and Fisheries Sciences, South Dakota State University, Brookings
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Post-doctoral fellow, Ecology Group, Pacific Northwest National Laboratory, Richland, WA.  

1993-96

Owner, FRM Environmental Consulting Ltd., Edmonton, AB
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Research Assistant, South Dakota Cooperative Fish and Wildlife Research Unit, Brookings SD. 
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Mark Wachtel, WDFW

Mark Wachtel has worked for the Washington Dept. of Fish and Wildlife (WDFW) and Pacific States Marine Fisheries Commission (PSMFC) both as a biologist and field technician since 1992. While employed by PSMFC as a technician he worked both at Priest Rapids Hatchery and within the Hanford Reach sampling fall chinook salmon. As a biologist for the Northern Pikeminnow Sport-Reward Program he supervised up to 13 field technicians and was responsible for the implementation and management of the program in eastern Washington. Mr. Wachtel is also responsible for data management and analysis for project. While with the project he developed statistical methods to estimate catch and harvest of non-target species by the Sport Reward Fishery.  From Dec. 2000 to March 2001 he was assigned to the Coded-Wire Tag Missing Production Group. While on this project Mr. Wachtel constructed a database to operate in conjunction with the Regional Mark Information System. He was also responsible for providing survival estimates and fishery contribution rates for Columbia and Snake River WDFW hatchery coho and chinook salmon based on CWT releases and recoveries. Mr. Wachtel has also helped prepare statistical methods and analysis for the 1999 Yakima River upriver bright fall chinook fishery.
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· Bachelor of Science, 1997, Fishery Resources Mgt., University of Idaho, Moscow
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Fish and Wildlife Biologist 2, Fish Management, Washington Dept. of Fish and Wildlife, Pasco, WA.  
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Scientific Technician, Pacific States Marine Fisheries Commission and WDFW.
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Karl K. English, LGL Limited 

B.Sc., Cornell University in Aquatic Sciences

M.Sc., University of British Columbia, Marine Biology

20 years experience in salmonid research and mark-recapture studies

Mr. English is LGL's senior analyst and Vice-President with extensive experience in the design and execution of both small and large scale telemetry studies, including: all of LGL’s 15 radio telemetry studies of juvenile and adult salmonids on the Columbia River from 1995-present; the 1996-98 radio telemetry studies of steelhead on the Bella Coola River; 1994 and 1995 radio telemetry study of steelhead and coho on the Skeena River; the 1992 and 1993 radio telemetry studies of Nass River chinook and steelhead; and 1994-95 studies of sub-mature starry flounder movements in the Fraser River estuary.  Mr. English has been centrally involved in every major fisheries study conducted by LGL since 1981.  Other relevant studies include: a recent compilation of salmonid catch and escapement data from the Columbia River basin for assessment related to the Endangered Species Art; the 1982-85 International Salmon Tagging Studies conducted along B.C.'s north coast; extensive analysis of Coded-Wire-Tag (CWT) release and recovery data; the development of run reconstruction models many salmon stocks and fisheries; and the design of statistically sound escapement monitoring techniques for the Nass River and several Vancouver Island streams.

William (Bill) R. Koski, LGL Limited

B.Sc., Laurentian University in Biology

M.Sc., Laurentian University in Biology

27 years of professional experience in fisheries and wildlife studies

Mr. Koski is one of LGL's senior field biologists.  He was LGL’s senior telemetry specialist on 10 of the radio-telemetry studies conducted on the Columbia River.  Mr. Koski was the project manager of the 1992, 1993 and 1994 radio telemetry studies of chinook, steelhead and coho on the Nass and Skeena rivers.  He has also assisted in the design of other radio telemetry and ultrasonic telemetry studies on sockeye on the Nass River in 1995, on chinook, coho and steelhead on the Skeena River in 1995, on chinook salmon on Vancouver Island in 1993 and on starry flounder on the lower Fraser River in 1993 and 1994.  He has extensive experience in: the capture, handling and tagging of salmon and steelhead (and other species of fish and mammals), set up and maintenance of fixed station receivers with multiple antennas, and all types of mobile tracking methods.  He has written or is familiar with all the analysis programs prepared to analyze more than 4 million records of chinook, coho and steelhead radio telemetry data.  His hands-on field experience, technical knowledge, and his project management and supervisory skills make Mr. Koski uniquely qualified to direct any radio telemetry project proposed for the Columbia River basin.

Bryan L. Nass, LGL Limited   
B.Sc., Environmental Studies, SUNY College of Environmental Science & Forestry

M.Sc., Environmental Studies, SUNY College of Environmental Science & Forestry

10 years of professional experience in fisheries research and stock assessment

Mr. Nass has been the field program manager for major telemetry studies on the Columbia River and numerous salmonid stock assessment studies on the Nass River in northern BC.  He was responsible for all field components of the 1997-1998 adult salmonid telemetry studies at Wells Dam, the 1998-1999 assessment of juvenile salmonid survival at Wells Dam, the 2000 juvenile fish behavior and survival studies for Grant County, and the 1999-2000 assessment of adult steelhead migration throughout the Mid-Columbia River.  From 1992 to 1995, Mr. Nass, was a program manager for a large scale fishery research program in northwest British Columbia responsible for managing multiple projects and approximately 30 field and office technicians.  In this role, Mr. Nass participated in all aspects of project management including project design, implementation, reporting, and administration.  Mr. Nass has experience in setting up new field programs and training and working with aboriginal people. 
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