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General response to ISRP comments:

As co-managers of the fishery resource, the Nez Perce Tribe has identified returning adult steelhead abundance as a high priority need.  In addition, the NMFS Biop (2000) also identifies the critical need for accurate population abundance as well as being a critical parameter under the Viable Salmonid Population (VSP) approach toward determining the status and viability of population.  Unlike chinook populations, which have many spawning aggregates being monitored (through annual redd counts or weirs), adult steelhead abundance monitoring occurs only at Lower Granite Dam, which monitors the abundance trends of the Snake River steelhead ESU (all spawning aggregates).  Population specific abundance information needed for defining Snake River steelhead status and viability and for management is not being collected and is not available.  The reason for the abundance information disparity between spring spawning steelhead and fall spawning chinook populations is primarily due to the different logistical and physical constraints imposed by the spawning season.  Current methodologies such as portable weirs and redds counts utilized to quantify chinook population abundances and abundance trends (during low base flows and high water clarity) are insufficient or inappropriate in generating reliable annual estimates of steelhead abundance (during high spring flows and high turbidity).  We believe that a temporary weir combined with advanced hydroacoustic techniques is the only feasible methodology, other than a substantial permanent weir capable of operating at flows 2000-6000 cfs, that will provide reliable annual estimates of steelhead escapement in Johnson Creek.
ISRP Comment No. 1
  

What evidence (describe results, including relative accuracy of alternative methods, for trials in other similar settings) do you have that provides a convincing case that “advanced hydroacoustic techniques” will provide accurate data (with physical constraints, turbulence, occurrence of false targets, and “fall-back”) in conditions as found in Johnson Creek?   

Response to Comment No. 1

Because the proposed methodology has been developed within the last few years, there are no data sets from similar locations.  However, hydroacoustic monitoring in riverine systems using less sophisticated equipment and software have been applied in the past (Attachment 1).  For example, a project on the Fraser River, Canada indicated they are confident in the accuracy of their fish counts (SD 10%, bias < 1%)(Mulligan, Department of Fisheries and Oceans, personnel communication).  Other projects in Alaska (Burwen, Alaska Department of Fish and Game, personal communication:  Daum, U. S. Fish and Wildlife, personal communication) using split-beam hydroacoustics are also confident in their accuracy.  Alaska Department of Fish and Game projects using Bendix and dual-beam systems are in the process of converting to split-beam hydroacoustics due to their confidence in the increased accuracy.

We propose to use a quad-multiplexed splitbeam acoustic unit (four splitbeam transducers) that will allow for independent estimates of passage with replication at each independent site (accounting for upstream and downstream passage).  These independent estimates will allow for more accurate and precise estimates of passage.  While most of the past applications of the proposed quad-multiplexed splitbeam unit have been devoted to passage estimates and behavioral evaluations at large hydropower facilities, this proposed application in a riverine environment is much the same with target delectability and site selection being the key issues for successful counting. A critical element for the success of this monitoring effort will be implementation in a stream environment consistent with the sampling tool capabilities.  All fisheries acoustic applications must meet at least two criteria for successful and accurate counts.  First, the acoustic beam must have a full and unobstructed “view” of the target.  Second, fish targets must have a high signal to noise ratio, allowing them to be easily separated form background noise.  Site selection is of utmost importance in shallow water applications of hydroacoustics, maximizing the probability of fish passing through the acoustic beam in a predictable manner while minimizing background noise.  Site selection criteria are based on stream morphometry, background noise levels, fish distribution, and fish behavior.  The ideal hydroacoustic counting site will have the following attributes:

1. The bottom will be gently sloping toward a cut bank (usually found on a sweeping bend in the river.

2. The bottom substrate will be comprised of sand, gravel or small cobble with few or no boulders, large cobble, or woody debris.  If the bottom can be modified with sandbags or other artificial, low impact substrate, then that is acceptable as well.

3. Flows at the counting site should be nearly laminar with minimum turbulence and entrained bubble noise.

4. The fish target strength needs to be large compared to the background noise created by boundaries, entrained bubbles from upstream disturbances, or other sources of noise.

5. Fish should be detectable in the wide portion of the beam.  A fence or temporary weir may be necessary to crowd the fish to the wide portion of the acoustic beam.

6. The acoustic beam or beams should be aimed such as to minimize the opportunity for fish to move around the beam near the bottom or surface.  This is usually accomplished using a dual-axis rotator (horizontal and vertical rotation) to accurately aim the beam to an ideal location.  Or, if a “counting jig” can be deployed in small channels, the beam can be fixed in an optimal position.  A standard target may be used to measure the effective sampling volume and its proximity to boundaries.

7. The site should permit aiming the transducers perpendicular to the direction of fish travel to maximize the return from each fish passing through the beam.

8.
The site should be such that the fish are committed to moving through the reach being sampled.  Pools are typically not suitable sites since fish will tend to mill and be repeatedly counted, complicating the task of estimating abundance of upstream moving fish.  

Initial hydroacoustic tests in Johnson Creek during the summer of 2001, indicated the proposed site would likely be suitable for acoustic sampling.  The first phase of the proposed project will consist of a one-week deployment effort using a generic configuration of the multiple transducer approach described above.  During this time, the proposed site and other sites will be evaluated based on substrate suitability (the substrate needs to be relatively smooth or amenable to modification), stream morphometry (the stream needs to conform to the shape of the acoustic beam as much as possible), and the site needs to be relatively free of debris or other “noise” sources such as bubbles from upstream sources.

While proper site selection will greatly increase the success of acoustic counting, fish guidance systems and advanced post-processing software will also greatly increase the accuracy and success of acoustic counting.  Temporary structures may be utilized to guide migrating fish away from boundary layers and through the acoustic beam.  In addition, advanced post-processing and target tracking software will be utilized to separate fish from any potential background noise.  The reviewers concerns, regarding the application of acoustics to a riverine environment is likely based on the inadequate and poor quality of fish tracking software provided by equipment vendors in the past.  Pacific Northwest National Laboratory (PNNL) in conjunction with their partners at the US Army Corp. of Engineers (USACOE), in the past few years, have developed the best target tracking capability in the history of fisheries hydroacoustics.  Parallel developments are occurring in British Columbia and Alaska as well.  PNNL are in communication with these groups and hope to share experiences and reinforce development. 

ISRP Comment No. 2



How will you account for “early” and “late” run fish, and for fish passing during high flows when the weir has to be pulled?  Isn’t the high flow period most likely to cause significant error in hydroacoustic data?

Response to Comment No. 2

We propose installing and operating a temporary weir in conjunction with advanced fixed-location hydroacoustic monitoring techniques (developed at the Pacific Northwest National Laboratory in Richland, Washington) approximately March 1 of each year (Figure 1).  This early installation will insure a high likelihood of capturing the passage of the first steelhead.  It is highly unlikely that a weir can be maintained in Johnson Creek throughout the entire steelhead run.  During periods of high flow (greater 
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Figure 1   Summary of existing and proposed activities in Johnson Creek and associated mean (1990-99) discharge (cubic feet per second).  Freezing temperatures prohibits operation of the screw trap during winter months, while high discharge limits the timing and duration of weir operations.

than 500-700 cfs), hydroacoustics will be used exclusively to estimate steelhead escapement.  For the periods of weir and hydroacoustic operation overlap (March 1 to high flow), weir counts will be used to validate hydroacoustic targets (counts and species id) and to quantify counting efficiency of hydroacoustic estimates.  By using quad-multiplexed splitbeam transducers, independent estimates of passage will be acquired.  The mean and variance of the independent estimates (accounting for upstream and downstream movements) will provide an estimate and standard error of fish passage.  

We recognize that this system may not function well during environmental extremes such as very low water (as in 2001) or very high water (flood conditions).  During extreme low water, the system simply won’t function for lack of water.  During extremely high water (flooding conditions), the stream may change course, exceed its banks, and carry substantial debris.  However, the splitbeam technique that we have proposed, coupled with site optimization, should provide the tools necessary to deal with a wide range of normal stream conditions from normal low water to normal high water.

ISRP Comment No. 3


Placement of equipment in secure locations under conditions in these streams is difficult at best.  What structures are planned that will withstand high flows (water, debris, bedload) that regularly occur in Salmon River tributaries?

Response to Comment No. 3

High stream flows and the associated debris, bedload, and high turbidity in spawning tributaries are the primary reason for the lack of reliable and consistent abundance information for Snake River steelhead.  These factors were taken into account during the development of the proposal by incorporating a temporary weir in conjunction with advanced hydroacoustic techniques.

Temporary weirs and be installed and removed relatively quickly.  The temporary weir currently in use in Johnson Creek can be completely removed from the stream in 4-8 hours (John Gephards, JCAPE O&M Project Leader, personal communication).  As such, project personal can respond to rapidly increasing stream flow.

Stream deployment of the proposed hydroacoustic equipment consists of four splitbeam transducers.  Transducers will be deployed near the stream margin, providing some margin of protection from high velocities, debris, and bedload.  If needed, transducers can be protected.  Once the sampling site has been evaluated for suitability, an in situ engineering study will be conducted to design the necessary deployment hardware to withstand the environmental rigors expected during the monitoring season.  For example the transducers can be encased in slotted steel tubes that can be imbedded in concrete adjacent to the bridge structure.  The instruments proposed for this project are highly reliable and rugged enough to be deployed inside operating turbine intakes.

ISRP Comment No. 4

Objective 1.  Is the sampling protocol for redds consistent with methods such as those outlined by ODFW?  What evidence do you have that counting redds for these steelhead will produce useful data?

Response to Comment No. 4

Due to the problems associated with redd counts, especially steelhead redd counts (high flows and high turbidity), the redd counts proposed are not intended to provide an indicator of abundance or an estimate of egg deposition, but to provide some information on spawn timing and spawning location of steelhead in Johnson Creek.

Based on past aerial surveys by the Idaho Fish and Game, redds will be surveyed in index areas, areas most likely suitable for steelhead spawning.  As weather, snow conditions, and logistical constraints permit, other areas of Johnson Creek will be systematically and randomly surveyed.  The spawning ground surveys will be conducted according to standardized protocol developed by the Nez Perce Tribe.  The stream will be walked upstream during mid-day to ensure adequate light conditions.  Two observers with conduct the surveys due to the width of the stream.  Redds will be counted and marked with flagging upon which redd number, observers initials, agency initials, and date observed will be recorded.  Identical information will be recorded on data sheets as well as redd location noted on 7.5 minute USGS topographic maps.  Redd counts will be conducted bi-weekly during the steelhead spawning season.  For each redd count pass, water turbidity will be measured to provide some measure of redd visibility efficiency.  Redd counts will be discontinued when water conditions prohibit counting of redds.

ISRP Comment No. 5

If funded, the emphasis should be on research and development and peer-reviewed publication of results.

Response to Comment No. 5

Data analysis can be divided into two parts:  analysis of the hydroacoustic records for fish passage (net upstream passage); and, evaluation of the technique for permanent implementation as a resource management tool.  The main objective of this proposal is to define the population status of steelhead in Johnson Creek.  An underlying objective is to test the accuracy and precision and remote operation of the acoustic system for potential application as a monitoring tool in other locations that do not permit traditional enumeration techniques.  For example, experience gained from installation, operation, refinement of techniques, and data collection and processing can be used to inform and guide resource managers on the feasibility of applying the system to other location such as the South Fork Salmon River, thereby allowing for a broad scale enumeration of steelhead in the basin, or the potential application in remote/wilderness areas to monitor other anadromous populations. 

Peer-review publication of results as well as distributing results through annual reports and presentations at professional meetings are listed as on objective in the proposal and will receive high priority.

ISRP Comment No. 6

If the proponents cannot produce convincing information to show that a suitable installation can be made and maintained on “flashy” streams in similar climatic conditions (and during runoff) and produce useful data, all similar proposals (Lake Creek, Secesh River, Minam River, Johnson Creek, and Marsh Creek) should be combined to a single research proposal to review the associated problems, describe possible strategies to overcome these problems, and assess the potential of  “high tech” counting methods in conditions like those expected in streams of the Snake River basin.  

Response to Comment No. 6
Based on PNNL professional opinion in the application, use, and development of hydroacoustic systems, coupled with the Nez Perce Tribe’s extensive knowledge of local stream conditions and critical information needs in the basin, this proposal is the most viable approach in determining steelhead population status and viability in Johnson Creek.  We believe that the responses to the other ISRP comments shows that when applied in appropriate locations, hydroacoustic can provide reliable, accurate estimates of fish passage that is not available using other methodologies.  

While it is expect that each site will have unique problems to overcome, any insights developed from one site that apply to another site will be beneficial to all.  However, the site-specific nature of the application of hydroacoustics would probably not yield a “universal answer” for all streams in the Snake River basin.  Each new site will largely require the same effort that has been identified for all three proposals.

ISRP Comment No. 7

If data from similar locations are available, the proponents should describe and discuss the reliability and suitability of these data for meeting goals for Snake River salmonids.   

Response to Comment No. 7

As co-managers of the fishery resource, the Nez Perce Tribe has identified returning adult steelhead abundance as a high priority need.  In addition, the NMFS Biop (2000) also identifies the critical need for accurate population abundance as well as being a critical parameter under the Viable Salmonid Population (VSP) approach toward determining the status and viability of populations.  The population abundance information needed for Snake River steelhead management in not being collected and not available.  Unlike chinook populations, which have many spawning aggregates being monitored (through annual redd counts or weirs), adult steelhead population monitoring occurs only at Lower Granite Dam, which monitors the population trends of the Snake River steelhead ESU (all spawning aggregates).  Current methodologies being used throughout the Columbia Basin (permanent weirs, mark-recapture estimators, redd counts) are insufficient or inappropriate in providing the identified information needs for Snake River steelhead.

Because the proposed methodology has been developed within the last few years, there are no data sets from similar locations.  However, hydroacoustic monitoring in riverine systems using less sophisticated equipment and software have been applied in the past (Attachment 1).  For example, a project on the Fraser River, Canada indicated they are confident in the accuracy of their fish counts (SD 10%, bias < 1%)(Mulligan, Department of Fisheries and Oceans, personnel communication).  Other projects in Alaska (Burwen, Alaska Department of Fish and Game, personal communication:  Daum, U. S. Fish and Wildlife, personal communication) using split-beam hydroacoustics are also confident in their accuracy.  Since no site is “perfect”, we have proposed a novel approach; to conduct independent counts within close proximity to one another.  This will give us independent estimates of fish passage that may be averaged to provide an improved estimate with narrower confidence limits.  This will help to control for the variability associated with any particular site.  Therefore, the proposed approach will provide the necessary abundance data (and variance) needed steelhead management.
ISRP Comment No. 8

If there is a convincing case that the technical problems can be addressed, the proponents should contrast the cost of this “high tech” approach for estimating spawner abundance to that of labor intensive but potentially more economical “on the ground probabilistic surveys” using existing survey techniques or mark-recapture of carcasses. At any rate, redd surveys are necessary in addition to accurate counts of spawners, and the ISRP wonders if labor intensive mark-recapture of carcasses might be equally informative for estimation of spawner abundance and also provide additional useful information on other necessary life history parameters.

Response to Comment No. 8

While it is necessary to consider costs associated with different methodologies, it is first necessary to consider the data type and data quality needed, the potential methodologies available to collect needed data, and the implementation feasibility of identified methodologies.  As a resource manager, the Nez Perce Tribe has identified an accurate and reliable annual adult abundance number (not an index of abundance) as a critical information need.  Adult abundance data is necessary in determining smolt-to-adult return rates, recruits per spawner, and spawner-to-spawner returns.  As such, there are limited feasible methodologies that will provide an abundance of adult steelhead in Johnson Creek.  Furthermore, no feasible methodology is currently being implemented to obtain population abundance data for Snake River steelhead.

Spring discharge in the major spawning tributaries in the South Fork Basin are variable and dramatic making reliable quantification of spawning steelhead adults and redds extremely problematic using traditional methodologies.  Spring discharge during typical steelhead spawning (April-June) is generally an order of magnitude greater than base flows during typical chinook spawning (August-September).  Thurow (1987) indicated that changing water conditions (high flows and high turbidity) prevented complete counts of steelhead redds in the South Fork basin.  In addition, redd counts are an index of relative abundance only and are not always sufficient for accurate spawner abundance determination (Dunham et al. 2001).  Expansion of redd counts to spawner numbers are influenced by the uncertainty of assumptions regarding estimates of fish per redd, relative numbers in surveyed and unsurveyed areas, redd superimposition and pre-spawning mortality rates (Beamesderfer et al. 1997).  As such, redd counts will not provide the identified information needs.

While it is possible to capture adult steelhead early in the run for marking (for mark-recapture estimators) using a temporary weir or through angling, the recapture of post spawn fish is extremely problematic.  High stream flows late in the spawning run prevents the use of a weir for recapturing live post-spawn fish.  The behavioral attributes of post spawn steelhead (migrating downstream as kelts) limits the number of potential carcasses for recovery.  In addition, high stream flows flush carcasses away from the spawning grounds, while high turbidity would limit visibility and the recovery of any carcasses remaining in the stream.   High stream flows, high turbidity, and the behavioral attribute of post-spawn steelhead renders mark-recapture techniques inappropriate. 

The approach proposed (combining a temporary weir and advanced hydro-acoustics) is the only feasible methodology (other than a large substantial permanent weir facility) that may provide reliable, accurate annual steelhead adult abundance (with error bounds) in Johnson Creek.

Attachment 1:  Hydroacoustics applications

Bosch. D. and D. Burwen.  1999.  Estimates of Chinook salmon abundance in the Kenai River using split-beam sonar, 1997.  Alaska Dept. of Fish and Game, Fishery Data Series No. 99-3.

Burwen, D.L. and D.E. Bosch.  1996.  Estimates of Chinook salmon abundance in the Kenai River using split-beam sonar, 1995.   Alaska Dept. of Fish and Game, Fishery Data Series No. 96-9.

Burwen, D.L., D.E. Bosch and S.J. Fleischman.  Evaluation of hydroacoustic assessment techniques for Chinook salmon the Kenai River using split-beam sonar.  Alaska Dept. of Fish and Game, Fishery Data Series No. 95-45.

Daum, D.W. and B.M. Osborne.  1995.  Enumeration of Chandalar River fall chum salmon using split-beam sonar, 1994.  US Fish and Wildlife Service, Alaska Fish. Prog. Rpt. No. 95-4.

Daum, D.W. and B.M. Osborne.  1998.  Enumeration of Chandalar River chum salmon using split-beam sonar, 1997.  US Fish and Wildlife Service, Alaska Fish. Tech. Rpt. No. 47.

Daum, D.W. and B.M. Osborne.  1998.  Enumeration of Chandalar River fall chum salmon using split-beam sonar, 1998.  US Fish and Wildlife Service, Alaska Fish. Tech. Rpt. No. 50.

Ehrenberg, J.E. and S.V. Johnston. 1996.  Evaluation of the use of hydroacoustic pulse width data to separate fish by size group.  Report to Alaska Dept. of Fish and Game.

Environment Agency.  1997.  River Teifi hydroacoustic fish counter project progress report April-September 1997.  Environmental Appraisal Unit, Cardiff, Wales.

Enzenhofer, H.J. and G. Cronkite.  2000.  Fixed location hydroacoustic estimation of fish migration in the riverine environment:  an operational manual.  Canadian Tech. Rpt. Of Fish and Aquatic Sci. 2312).

Finnish Game and Fisheries Research Institute.  1999.  Hydroacoustic assessment of salmon in the River Tornionjoki.  European Union Study Project 96-069.

Gough, P. and J. Gregory. 1997.  The development of applications and validation methods for hydroacoustic salmonid counters.  Environment Agency, Environmental Appraisal Unit, Cardiff, Wales.

Gregory, J. and P. Clabburn.  1996.  Use of a hydroacoustic counter for accessing salmon stocks.  Annual progress report for period April 1995 to March 1996.  National Rivers Authority—Welsh Region.  Progress Rpt. 486/8/W.EAU Rpt. SE/EAU/96/3.

Gregory, J., P. Clabburn and L. Robinson.  1998.  The Use of a hydroacoustic counter for assessing salmonid stocks.  Environment Agency, Environmental Appraisal Unit, Cardiff, Wales.  R&D Tech. Rpt. W92.

Gregory, J., P. Clabburn, R. Davies, P. Gough and M. Good.  2000.  Operational guidelines for the commissioning, operation and validation of hydroacoustic fish counters.  Part One.  Overview of acoustic fish counting techniques.   Environment Agency, Environmental Appraisal Unit, Cardiff, Wales.  R&D Guidelines W2/037. 

Hydroacoustic Technology, Inc.  1994.  Attributes of the ideal site for hydroacoustic counting of adult salmon in rivers.  

Iverson, T.K.  1995.  Feasibility of using split-beam hydroacoustics to monitor adult Chinook salmon escapement in Deep Creek, Alaska.  HTI report to Alaska Dept. of Fish and Game.

Iverson, T.K.  1996.  Hydroacoustic evaluation of adult Chinook salmon in Deep Creek during 1996:  second year feasibility study.  HTI report to Alaska Dept. of Fish and Game.

Iverson, T.K.  1998.  Results of hydroacoustic monitoring in the Malad River Diversion Flumes in August, 1998.  Report by Hydroacoustic Technology, Inc. to Idaho Power Co., Boise, Idaho.

Iverson, T.K. 1997.  Feasibility of using hydroacoustics to estimate fish passage in the Malad River diversion flumes.  Report by Hydroacoustic Technology, Inc. to Idaho Power Co., Boise, Idaho.

Iverson, T.K., S.V. Johnston and T.W. Steig.  1996.  Feasibility of using split-beam hydroacoustics to count adult Atlantic salmon and sea trout in the River Avon.  HTI report to National Rivers Authority, England.

Johnston, S.V.  1993.  Feasibility of using hydroacoustics to enumerate adult steelhead trout in the Illinois River.  HTI report to Oregon Dept. of Fish and Wildlife.

Johnston, S.V. and B.H. Ransom.  1994.  Feasibility of using hydroacoustics to count adult Atlantic salmon in the River Spey.  HTI report to River Spey Fishery Board.

Johnston, S.V. and D. Daum.  1995.  Escapement estimation of Chandalar River chum salmon with split-beam techniques.  17th Northeast Pacific Pink and Chum Salmon Workshop, Bellingham, Wash.

Johnston, S.V. and J. Hopelain.  1990.  The application of dual-beam target tracking and Doppler-shifted echo processing to assess upstream salmonid migration in the Klamath River, California.  Rapp. P.-v Reun. Cons, int. Explor. Mer, 189:210-222.

Johnston, S.V. and T.W. Steig.  1995.  Evolution of fixed-location hydroacoustic techniques for monitoring upstream migrating adult salmonids (Oncorphynchus app.) in riverine environments.  ICES International Symposium on Fisheries and Plankton Acoustics, Aberdeen, Scotland.

Levy, D.A., P.A. Nealson and P., Cheng.  1991.  Fixed-aspect hydroacoustic estimation of Fraser River sockeye salmon abundance and distribution at Mission, B.C., in 1986.  Pacific Salmon Commission, Vancouver, B.C.

Locke, V., J. Gregory and P. Clabburn.  1998.  River Teifi hydroacoustic fish counter annual report, 1997.  Environment Agency, Environmental Appraisal Unit, Cardiff, Wales.  EASE/REP/98_8.

Nealson, P.A. and J. Gregory.  1999.  Hydroacoustic differentiation of adult Atlantic salmon and aquatic macrophytes in the River Wye, Wales.  2nd Int’l. Conf. On Shallow Water Fisheries Sonar, 1-9 Sept. 1999, Seattle, WA.

Nealson, P.A. and S.V. Johnston.  1995.  Feasibility of using hydroacoustics to count adult Atlantic salmon in the River Tornio.  HTI report to Finnish Game and Fish Research Institute.

Osborne, B.M. and D.W. Daum.  1997.  Enumeration of Chandalar River fall chum salmon using split-beam sonar, 1996.  US Fish and Wildlife Service, Alaska Fish. Tech. Rpt. No. 42.

Osborne, B.M. and D.W. Daum.  1997.  Estimation of Chandalar River fall chum salmon using split-beam sonar, 1996.  US Fish and Wildlife Service, Region 7, Fairbanks, Alaska.

Ransom, B.H., S.V. Johnston and T.W. Steig.  1998.  Review on monitoring adult salmonid (Oncorhynchus and Salmo spp.) escapement using fixed-location splitbeam hydroacoustics.  Fisheries Research (35) 33-42).

Ransom, B.H., S.V. Johnston, T.C. Torkelson and T.W. Steig, 1996.  Improved split-beam hydroacoustic techniques.  Int’l Workshop on Shallow Water Fisheries Sonar, 16-18 June 1996, Egham, England.

Ranson, B.H., S.V. Johnston and T.W. Steig.  1999.  Summary of the use of hydroacoustics for quantifying the escapement of adult salmonids (Oncorhynchus and Salmo spp.) in rivers.  2nd Int’l Conf. On Shallow Water Fisheries Sonar, 1-9 Sept. 1999, Seattle, Wash.

Romakkaniemi, A., T. Marjomaki and J. Jurvelius.  1998.  Hydroacoustic estimation of salmon (Salmo salar) spawning run in the Tornion River – project results 1995-1996.  Finnish Game and Fisheries Research Institute.

Skalski, J.R., A. Hoffmann, B.H. Ransom and T.W. Steig.  1993.  Fixed-location hydroacoustic monitoring designs for estimating fish passage using stratified random and systematic sampling.  Can. J. Fish. Aquat. Sci. 50:  1208-1221.

Steig, T.W. and T.K. Iverson.  1995.  Feasibility of using split-beam hydroacoustics to count adult Atlantic salmon and sea trout in the River Tavy.  HTI report to National Rivers Authority, England.

Steig, T.W. and T.K. Iverson.  1996.  Feasibility of using split-beam hydroacoustics to count adult Atlantic salmon and sea trout in the River Torridge.  HTI report to National Rivers Authority, England.

Xie, Y., G. Cronkite and T.J. Mulligan.  1997.  A split beam echosounder perspective on migratory salmon in the Fraser River:  a progress report on the splitbeam experiment at Mission, B.C., in 1995.  Pacific Salmon Commission, Vancouver, B.C.

PAGE  
1

_1056962263.unknown

