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a. Abstract

This project proposes to determine the feasibility of obtaining accurate spawner abundance information of Snake River spring and summer chinook salmon (Oncorhynchus tshawytscha) using acoustic camera technology based on the Dual-Frequency Identification Sonar (DIDSON) originally developed for military applications.  This acoustic imaging using acoustic camera technology, although proven in other applications, has never been applied to obtain adult escapement data in small streams.  This innovative use for the acoustic camera offers significant potential benefits to fish and wildlife program applications.  It is expected to provide a valuable new tool for obtaining accurate and precise data for quantification of adult spawner abundances as required under the National Marine Fisheries Service (NMFS) 2000 Biological Opinion (BiOp).  

Pacific Northwest National Laboratory (PNNL) will lead the proposed project and will conduct the research with the cooperation of the Nez Perce Tribe (NPT).  The acoustic camera will be integrated into a site-specific engineering design for the Secesh River, an unsupplemented stream in the South Fork Salmon River in Idaho.  This project will cooperate with Project 1997-030-00, Chinook Salmon Adult Abundance Monitoring and will rely on infrastructure from that project.  While visibility is clear, the acoustic camera will be placed in the stream on mounts that will be in place for Project 1997-030-00.  Video stream from a monochrome video camera and the acoustic camera will be multiplexed and recorded onto videotape so individual fish can be verified and species-specific data obtained.  The following year, the acoustic camera will be operated in higher flow and turbidity conditions; the acoustic camera has a high resolution and fast frame rate designed to allow it to substitute for optical systems in turbid or dark water.  The data will be of high value to salmon managers, the Bonneville Power Administration (BPA) and the Northwest Power Planning Council (NWPPC), providing essential information for quantifying adult salmon abundance in tributary streams.  The data generated with this innovative tool are expected to give users a new resource for evaluating project effectiveness and Endangered Species Act (ESA) recovery alternatives.

b. Technical and/or scientific background

This proposal addresses a listed species, spring and summer chinook salmon in the Snake River basin, where current populations are below a yearly effective population size and face a loss of genetic diversity and eventually localized extinction.  Much of the Salmon River drainage is located in wilderness areas, near pristine habitat condition and is less influenced by hatcheries than down river drainages.  The BiOp has listed suggested population metrics for the recovery and delisting of specific populations (Ecological Significant Units [ESU]).  A more immediate concern within the Salmon River drainage is the imminent risk of extinction as spawner abundance levels are at an all time low.

The Draft Salmon River Subbasin Summary (Servheen et al. 2001) addresses limiting factors within the Subbasin.  Anadromous fish production in the Salmon Subbasin is limited at present by two primary factors: First, adult escapements of salmon and steelhead are being determined by out-of-subbasin issues and are insufficient to fully seed the available habitat.  When population levels are low enough, this limiting factor has the effect of keeping yearly effective population size low, increasing local extinctions.  Second, the carrying capacity of the habitat and fish survival has been reduced within the subbasin by land and water management activities that have affected hydrology, sedimentation, habitat distribution and complexity, and water quality (Columbia Basin Fish and Wildlife Authority [1999]).

Outside the Salmon River Subbasin, the limiting factor to anadromous fish is the hydropower system.  The BiOp concluded that many Columbia Basin anadromous fish stocks are in jeopardy.  It is generally accepted that hydropower development is the primary cause of decline and continued suppression within the Snake River.  The BiOp suggests that it may be possible to recover Snake River stocks through freshwater spawning and rearing habitat restoration and some mainstem actions.  There is substantial skepticism among fishery biologists about whether it will be possible to restore listed Snake River anadromous species without major improvements to the hydrosystem.

The most consistent and long-term indicator of spring and summer chinook salmon abundance within the Snake River basin has been Lower Granite Dam fish passage counts.  Lower Granite Dam, several hundred miles from these populations, is used to predict general run strength.  The traditional measure of abundance in these streams has been the commonly used redd count.  Both counting techniques provide an indication of population status.  However, more extensive data are being required.  The BiOp, Basinwide Recovery Strategy (Federal Caucus) and the Viable Salmonid Population (VSP) call for performance standards at the population level to be evaluated in terms of abundance, population growth rate, genetic diversity, life history diversity and geographic distribution.  

Many papers, including the BiOp (NMFS 2000), have realized the need for accurate population status:

Therefore, more accurate counts of returning adults to natal spawning ground are necessary to evaluate recovery efforts matrix threshold goals (NMFS 2000).

The preservation of a species is intimately tied to accurate assessments of its population status (Reed and Blaustein 1997).

Numbers of spawners on the spawning grounds is of fundamental importance to the future of the populations (Mundy 1999). 

Without abundance information, we cannot measure the effectiveness of conservation actions for a threatened species (Botkin et al. 2000).  

Counting fish through the process of validation monitoring is the only way that a link between cause (standards and guidelines) and effect (trend) can be confirmed quantitatively (Botkin et al. 2000).

The NPT has operated an experimental, passive, non-invasive chinook salmon escapement monitoring project in the South Fork of the Salmon River subbasin, on the Secesh River between 1997 and 2000, and on Lake Creek since 1998, utilizing time-lapse underwater video technology.  Without handling this listed species, this project has provided actual abundance estimates or minimum spawner abundance numbers, run timing and fish per redd numbers since 1998.  However, high water and debris loads during spring runoff have frustrated efforts of complete coverage of the upstream spawning migration. During this period, which can encompass up to 1/3 of the total run, no system is in place to estimate escapement.  

The DIDSON acoustic camera was developed by the Applied Physics Laboratory (APL) at the University of Washington for the Space and Naval Warfare Systems Center harbor surveillance program.  It can detect objects out to 48 meters and provide video-quality images to identify objects out to 9 meters.  DIDSON is the second generation of imaging sonar from APL with similar technology to the Limpet Mine Imaging Sonar (LIMIS) and was designed to bridge the gap between existing sonar that can a) detect acoustic targets at long ranges but cannot record the shape or size of targets and b) optical systems that can videotape fish in clear water but are limited at low light levels or when turbidity is high.  The DIDSON acoustic camera has a high resolution and fast frame rate designed to allow it to substitute for optical systems in turbid or dark water.  The images within 1-9 m of the device are so clear that users can see fish undulating as they swim and detect the head from the tail.  

The DIDSON acoustic camera is a non-intrusive device, with low signal-to-noise ratios, and it is not as limited by turbidity or light and not as sensitive to entrained air as 6 – 10 degree beams used for hydroacoustic sampling.  The clarity is possible because the field of view is composed of 96 different 0.33-degree beams operating at 1.8 MHz and 48 different 0.6-degree beams operating at 1 MHz.  It can sample up to 12 frames per second and has a 29-degree field of view.  The multiple beams allow image processing that produces a near-field image similar to that of a charge-coupled device (CCD) black and white camera.  Because it has a fan of many narrow adjacent beams in one dimension, it can be aimed into a two dimensional corner and still faithfully record fish swimming there.  The DIDSON acoustic camera has been successfully used to document fish passage close to structures at hydroelectric projects in the mid and lower Columbia River basins (Moursund et al. 2002. Mueller et al. 2002 in prep.) but it has not undergone proof-of-principal testing in small streams.  

PNNL proposes to use a single DIDSON acoustic camera to obtain adult salmonid escapement at an existing monitoring station on the Secesh River.  The system would be deployed on a rail that extends into the river channel and could be positioned at various depths depending on river stage.  The orientation for the field of view would be adjustable by using a pan and tilt rotator.  In addition, a monochrome video camera would be used in conjunction with the DIDSON acoustic camera during daylight hours to verify fish counted.  This project, in order to be feasible, will need to take advantage of resources also being used for Project 1997-030-00.  These resources include infrastructure such as mounts, trailers, and computers and limited use of personnel for demobilization and weekly data downloading.  This project will not interfere with Project 1997-030-00 as personnel and infrastructure will already be on site.

The DIDSON acoustic camera has potential to generate thorough escapement abundance data sets that provide a scientifically sound basis for salmon conservation and allow evaluation of recovery thresholds (NMFS 2000).  The importance of providing quantitative adult escapement abundance information is well recognized within the scientific community (Foose et al. 1995, Botkin et al. 2000) and offers significant decision support for agency recovery planning efforts (NMFS 2000).  Quantifying adult salmon spawner abundance will directly measure benefits of the Fish and Wildlife Program projects and effects of recovery alternatives.

c. Rationale and significance to Regional Programs

Current methods to monitor at-risk populations, such as redd counts are not always sufficient for accurate spawner abundance determination (Dunham et al. 2001). Redd counts and carcass surveys when combined with unknown variables add immeasurable errors, preventing full confidence in spawner escapement estimates.  Expansion of redd counts to spawner numbers are also influenced by the uncertainty of assumptions regarding estimates of fish per redd, relative numbers in surveyed and unsurveyed areas, redd superimposition and prespawning mortality rates (Beamesderfer et al. 1997). 

This project would enable agencies to obtain accurate counts of salmon returning to spawning grounds in the basin.  Project activities would actively seek collaboration and coordination with agencies to establish standardized monitoring efforts that are comparable between streams and that provide regional information application.  Adult salmon abundance monitoring would be closely coordinated with NMFS for ESA recovery metrics.  The BiOp recommended that accurate assessments of spawner escapement of listed ESU are required for determining viability, recovery status, and delisting under ESA.  

The objectives of this proposal are consistent with and recommended by action plans identified in the BiOp, Fish and Wildlife Program, Draft Salmon River Subbasin Summary (Servheen et al. 2001), Wy-Kan-Ush-Me-Wa-Kush-Wit (Spirit of the Salmon) and the Validation Monitoring Panel (Botkin et al. 2000).  The development and implementation of these technologies to determine salmon spawner abundance would aid the NPT and other co-managers carry out their responsibilities identified in the Kan-Ush-Me-Wa-Kush-Wit (Spirit of the Salmon), Biological Opinion (NMFS 2000), Fish and Wildlife Program and the Salmon River Subbasin Summary

National Marine Fisheries Service 2000 Biological Opinion

Goals of the proposed project are consistent with the BiOp Reasonable and Prudent Actions (RPAs).  Many of the monitoring activities designated in Actions 179, 180, 193 and 1 and 9 of the BiOp will be executed in part through the objectives of this proposal.  

Action 179 in the BiOp (NMFS 2000) call for defining populations based on biological criteria and evaluating population viability in accordance with NMFS’ viable salmonid population (VSP) approach.  This project will continue to focus on assessing accurate chinook salmon population abundance and data necessary to estimate the population growth rate.  Long-term data sets that provide accurate information to determine population growth rates, trends and viability are a necessity

Action 180 in the BiOp (NMFS 2000) calls for Population Status Monitoring.  This project will define population growth rates and detect changes in those growth rates or relative abundance in reasonable time.  

Action 193 directs action agencies to investigate state-of-the-art, novel fish detection and tagging techniques for use in long-term research, monitoring, and evaluation efforts.  The NMFS efforts to develop short-term measures of stock performance that can serve as proxies for standard metrics, such as recruits per spawner, SAR, etc will be aided by accurate adult population abundance data.  This will allow managers to move toward decisions based on accurate, scientifically based, quantifiable data.  

Action 1 requires 1 and 5-year plans to evaluate performance standards in the BiOp.  Action 9 requires the development of 1 and 5-year research, monitoring and evaluation plans to determine the effectiveness of the actions of reasonable and prudent actions.  Accurate spawner abundance is of utmost importance to both of these Actions by providing data rather than a relative index to determine if short term-trends might be evident.  Short-term measures of stock performance that can serve as proxies for standard metrics, such as recruits per spawner and smolt-to-adult return will aid short-term projections and evaluations.  

NWPPC Fish and Wildlife Program.   

The intended goals of the Fish and Wildlife Program are furthered with the initiation of this project. The Fish and Wildlife Program calls for monitoring techniques that are biologically quantifiable and fill measurable data gaps. Monitoring projects must use techniques that are appropriate for evaluating outcomes in the stated biological objectives. Proposals must also plan for the dissemination of collected data, proven technology and project results.  These technologies will provide a quantifiable abundance rather than a relative index.  Therefore, the development of techniques for salmon abundance monitoring as described in this proposal falls within the conceptual framework and strategy established in the Fish and Wildlife Program.   

Salmon River Subbasin Summary

This project also has a clear relationship to specific objectives in the Salmon River Subbasin Summary.  The research, monitoring and evaluation goal of the federal government is to identify trends in abundance and productivity in populations of listed anadromous salmonids.  Accurate long-term abundance data sets will provide the most reliable means of determining population status (i.e. abundance, trend, distribution, and variation).  This project is relevant to the following objectives and strategies:

· Objective 1 Conduct population status monitoring to determine juvenile and adult distribution, population status and trends.

· Objective 2 Monitor the status of environmental attributes potentially affecting salmonid populations, their trends, and associations with salmonid population status.

· Objective 3 Monitor the effectiveness of intended management actions o aquatic systems, and the response of salmonid populations to these actions.

Wy-Kan-Ush-Me-Wa-Kush-Wit (Spirit of the salmon)

Wy-Kan-Ush-Me-Wa-Kush-Wit (Spirit of the salmon) provides guidance to “Establish and monitor escapement checkpoints at mainstem dams and in index subbasins.  ….Methods to be used include video counting at hydropower dams and at key locations in tributaries….  The least intrusive method should be used to collect the necessary information….  Establish additional monitoring programs for each of the subbasin tributary systems to monitor adult escapement and resulting smolt production, and to evaluate (by measuring the number of adults returning) the ability of managers to meet goals set by the Columbia River Fish Management Plan (CRITFC 1995).”  

Validation Monitoring Panel

The Validation Monitoring Panel (Botkin et al. 2000) provided a science-based analysis for monitoring of salmon for conservation plans.  The panel identified the need for adult salmon abundance information in relation to conservation and restoration plans. They also reviewed methods for determining adult escapement. The authors highlighted video, hydroacoustics, electronic counters and resistivity counters because these technologies offer a non-intrusive method of counting fish while not altering fish migration and behavior. The advantages of these technologies also include the ability to count fish in turbid and high flow conditions.

Others

The proposed project would also provide accurate data to NMFS to aid in its efforts to determine trends in the abundance of Secesh River populations within 25 years.  Supplementation efforts are being implemented on an increasing number of streams.  Unsupplemented, or control streams, will be a valuable tool to NMFS and other agencies as they attempt to separate the effects of oceanic and environmental changes within their study designs.  As unsupplemented systems, these streams would be controls to base results of dam breaching should that occur.

The Basin-wide Recovery Strategy provides an outline of the data required to develop and assess recovery plans for listed salmonids.  The main monitoring and evaluation goal stated in the Basin-wide Recovery Strategy is to identify trends in abundance and productivity in populations of listed salmonids.  A second critical goal is establishing quantitative mechanistic links between factors that can be manipulated and population responses.  Critical uncertainties and data needs listed in the Basin-wide Recovery Strategy are very similar to those called for in the VSP.  The assessment of population status should involve assessing population abundance, population growth rate, population structure, and diversity. 

Monitoring of chinook salmon abundance will aid the NPT in determining if it can successfully achieve its goals to “Restore anadromous fish in rivers and streams at levels to support the historical, cultural, and economic practices of the tribe.” and “Reclaim anadromous and resident fish resource and the environment on which the resource depends for future generations.”  The project would also allow the NPT to monitor the status of its management objectives 1, 3 and 6 (“Restore and recover historically present fish species,…Manage salmon and steelhead for long-term population persistence…Implement effective monitoring and evaluation of supplementation and habitat enhancement programs of project-specific and reference stream (control) locations.”).  

The proposed project would support Idaho’s statewide fisheries management objective 1 to use accurate abundance data from the Secesh River to give priority consideration in management decisions affecting wild native populations of resident and anadromous fish species.  The project would also provide accurate population data to Idaho Department of Fish and Game anadromous fish management Objectives and Strategies.  

d. Relationships to other projects 
This proposal is a cooperative effort of the NPT and PNNL with APL as a subcontractor; and it complements ongoing research and management activities.  As previously mentioned, the NPT conducts ongoing Project 1997-030-00 to monitor adult chinook salmon spawner abundance in the Secesh River and Lake Creek in the South Fork Salmon River drainage.  NPT and PNNL are awaiting word to move forward on a quad-multiplexed, split-beam hydroacoustic array at the Secesh.  The proposed innovative project will make effective use of infrastructure (mounts, computers, etc.) and personnel (on-site staff to retrieve data and mobilize/demobilize) already in place for Project 1997-030-00, but this sharing of infrastructure and personnel will not interfere with Project 1997-030-00.

The South Fork Salmon River (SFSR) drainage contains four major chinook salmon spawning aggregates or subpopulations located in Johnson Creek, the mouth of the SFSR to Poverty Flat, Poverty Flat to the headwaters of the SFSR, and Secesh River. The NPT conducts spawning ground surveys in the SFSR downstream of the weir (including Poverty Flat) as part of the Lower Snake River Compensation Plan hatchery evaluation studies to determine natural hatchery composition of adults on the spawning grounds.  Reconstruction of natural salmon spawner abundance in the Poverty Flat area and the composition of hatchery fish in the spawning aggregate were described by Kucera and Blenden (1994; 1999). The NPT has conducted intensive multiple-pass ground count salmon spawning ground surveys in the SFSR subbasin since 1991 (Secesh River, Lake and Johnson creeks and the upper mainstem SFSR) and the Middle Fork of the Salmon River subbasin since 1987 (Marsh and Big creeks) on an annual basis.  

The Idaho Salmon Supplementation Study (BPA Project No. 198909802) uses the Secesh River as a reference stream and measures juvenile salmon emigrant abundance and conducts redd counts and carcass surveys to compare with streams that receive supplementation treatments. Implementation of this proposed project would allow both a quantitative measure of recovery actions through adult abundance and allow a linkage of adult salmon abundance with juvenile chinook salmon emigrant abundance for the Idaho Salmon Supplementation Study.  In addition, IDFG conducts single pass aerial redd count surveys of the entire South Fork Salmon River subbasin under State funding.  

Spawner surveys in Johnson Creek are conducted in the lower section by the NPT (BPA Project No. 9604300) and in the upper section by the IDFG (BPA Project No. 8909800).  Estimates of spawner abundances for Johnson Creek must be reconstructed from spawner surveys.  Recently the NPT (BPA Project No. 9604300) has installed a temporary weir in Johnson Creek to collect eggs for supplementation.  However, this weir also is limited to periods after peak flow and does not capture the entire run.  A proposal being submitted for 2002 initiation would monitor chinook salmon population status in the Minam River in the Grande Ronde subbasin.  This project, along with the Gumboot facility on the Imnaha River would provide coverage on the Middle and South Forks of the Salmon River, Grande Ronde and Imnaha rivers.

Spawner abundance indices are monitored in six spring/summer chinook salmon index streams in Idaho by four different BPA funded projects and by the Idaho Department of Fish and Game (IDFG).  Spawner surveys (redd counts and carcass surveys) in Bear Valley/Elk Creek and Sulphur Creek are conducted by IDFG or the Shoshone-Bannock tribe.  These systems currently do not have structures in place to capture or count spawner and rely on redd counts and gender and age distribution from carcass surveys to reconstruct spawner abundances.  BPA Project No. 8909800 conducts spawning ground surveys in Marsh Creek.   

Other BPA funded projects that currently conduct spawning ground surveys on chinook salmon in the Snake River basin include, but are not limited to; Idaho Salmon Supplementation Studies (8909800), Evaluate Salmon Supplementation in Idaho Rivers (8909801, 8909802, and 8909803), Nez Perce Tribal Hatchery Monitoring and Evaluation (8335003), Analyze the Persistence and Spatial Dynamics of Snake River Chinook Salmon (9902000), Assessing Summer and Fall Chinook Restoration in the Snake River Basin (9403400), Grande Ronde Supplementation: Lostine River O&M and M&E (9800702) , Grande Ronde Basin Spring Chinook Captive Broodstock Program (9801001) and Spawning Distribution of Snake River Fall Chinook (9801003).  While redd counts are an important index of relative abundance, there is a definite need to accurately determine adult salmon spawner abundances as a measure of ESA recovery actions.

This project will seek close coordination and collaboration with NMFS as it seeks to provide standardized adult spring and summer chinook spawner abundance information necessary to monitor recovery threshold abundance over time.  Close coordination will occur with NMFS throughout the planning, site selection, engineering design and implementation of the project.  Modification of the current Section 10 permit may be needed to cover the application of this project.  Other managers will also be coordinated with during the study.  Management coordination will occur with the Idaho Department of Fish and Game (ODFW).  Coordination will occur with the U.S. Forest Service as the federal land manager in the three areas (Payette, Challis and Umatilla Wallowa Whitman National Forests).

e. Proposal objectives, tasks and methods
Objectives 

The overall objective of the proposed project is to: 1) develop and test the feasibility of acoustic camera technology to enumerate adult migrants in small streams. 

The main focus of the project is to implement technologies and methodologies to quantify and provide escapement abundance data for adult spring and summer chinook salmon that contains sufficient accuracy and precision to measure recovery thresholds over time.  Populations at near extinction levels require the use of passive, non-invasive methodologies to determine abundance.  The magnitude of Pacific salmon recovery efforts in the Snake River and Columbia River system demand that we be able to determine, with certainty, the trajectory of population size due to salmon conservation efforts.  Rebuilding and potential de-listing of threatened salmon depend on meeting a measurable abundance metric (NMFS 2000).  Expansion of redd count information provides an index of relative abundance but, does not provide the actual abundance data necessary to make management and policy decisions relative to recovery.  Without accurate monitoring of population abundance, it is not possible to determine population status or growth rates for delisting.  

Spring and summer chinook salmon in the Secesh River and Lake and Marsh creeks historically represented relatively large demes within the Snake River basin.  These populations represent unsupplemented subpopulations in their respective watersheds, and as such they provide reference (or control) streams in their drainage.  The Secesh River is the only non-supplemented stream in the South Fork of the Salmon River, is a control stream for ISS, and should be classified as an ESU population.  A recovery abundance level should then be calculated. 

These objectives are clearly linked to the Salmon River Subbasin Summary and are cited within:


Objective 1.
Test the feasibility of the acoustic camera technology for measuring chinook salmon spawner abundance in the Secesh River.


Objective 2.
Refine and improve the acoustic camera technology for general shallow water salmon spawner abundance counts under normal spring runoff conditions.


Objective 3.
Effectively communicate project results to Tribal, state and federal management agencies and independent scientists throughout the region.

Tasks and Methods 

The project will involve several tasks including: 1) collecting sample data; 2) developing adult salmon counting software; 3) fabricating an upgraded version of the acoustic camera for shallow water riverine fish counting applications; 4) validating count accuracy and precision; 5) producing a user manual; and, 6) writing a final report.  

The specific tasks and subtasks are listed below:

Task 1 – Deploy a loaned acoustic camera (from APL) at the Secesh River counting site to acquire initial sample data for software development.

Subtask 1. An existing acoustic camera, on loan from the University of Washington, Applied Physics Laboratory, will be deployed at the Secesh River counting site that has been prepared for the application of splitbeam hydroacoustics.

Subtask 2. The acoustic camera will be operated during an active fish run for a period of up to one week to acquire “real” fish passage data.

Subtask 3. Initiate development of counting software during field sampling.

Subtask 4. Collect simultaneous optical video records for verification of fish movement including numbers and direction of movement.

Subtask 5. Returned sample data to the laboratory for continued development of the counting software.

Task 2 – Write software features to count fish at the Secesh site during data collection

Subtask 1. Produce an advanced prototype of the adult counting software that will reliably detect  (bi-directionally) adult salmonids based on acoustic images returned from the acoustic camera.

Subtask 2. Incorporate additional features in the software to tally upstream and downstream moving fish, fish size, and fish velocity.

Task 3 – Fabricate an upgraded acoustic camera with specific features for adult salmonid counting

Subtask 1. Identify features that will enhance the adult counting capability of the acoustic camera.

Subtask 2. Fabricate an upgraded acoustic camera incorporating design changes to optimize adult salmonid counting in shallow water.

Subtask 3. Test the upgraded acoustic camera at PNNL laboratory facilities.

Task 4 – Deploy the upgraded acoustic camera at the Secesh River counting site 

Subtask 1. The upgraded acoustic camera (Task 3) will be deployed at the Secesh River counting site incorporating the newly developed counting software.

Subtask 2. A one-week field test of the upgraded acoustic camera system will be conducted.

Subtask 3. Field modifications to the software will be made to correct for counting anomalies in the system.

Subtask 4. Validation counts will be conducted using visual observations and optical camera images.

Task 5 – Produce a user manual

Subtask 1. A user manual will be developed for application of the acoustic camera technology to this and other streams of interest.

Subtask 2. A pdf version of the user manual will be produced for electronic distribution.

Task 6 – Write a final report

Subtask 1. A final report will be written outlining the development process, system features and test results.

Subtask 2. The final report will be converted to pdf format for electronic distribution.

Methods

A major consideration at any counting location is site selection.  A site has been chosen to coincide with an acoustic counting effort proposed on the Secesh River utilizing advanced splitbeam hydroacoustic techniques.  By using this site, we accomplish two important things: 1) we are able to use man-power and logistical resources that already will be dedicated to the site, and 2) we will be able to take advantage of the site preparations that will be necessary for its original intended application.  At this site, the cross-section of the channel will have been optimized for application of splitbeam counting techniques.  Therefore, it will also serve as an optimal location for development of the acoustic camera counting technique.

The site we have chosen is located on a long sweeping bend in the river (Figure 1).  It has a gently sloping bottom from a gravel/sand bar to a cut-bank on the opposite side (Figure 2).  The site will be prepared to optimize fish counting by removing depressions in the channel bottom and moving fish away from the right bank with a shallow standoff structure.  These channel modifications optimize the use of traditional hydroacoustic techniques, and will also serve to optimize the application of the acoustic camera.  A uniform cross-sectional substrate shaped like a Crump weir will provide the track for mounting and moving the acoustic camera up or down with changing river elevations.  It will also serve to prevent the passing salmonids from slipping past the view of the acoustic camera behind rocks or through depressions in the bottom.  Using this technique, all fish moving past the counting window will be “visible” to the acoustic camera.  An acoustically transparent fence will prevent fish from moving past the acoustic camera at a range that would preclude seeing fish beyond its range or behind the submerged camera.  The fence will be detectable by the acoustic camera, but images will be readily discernable through the material as well.  Thus, the sampling boundaries, both far and near, will be part of the dataset.
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Figure 1.  Plan view of the proposed test site on the Secesh River, Idaho.
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Figure 2.  Channel cross-section of the Secesh River test site.

The early deployment (Task 1) will be done with an acoustic camera loaned to the project by APL.  The specifications of the standard acoustic camera (DIDSON acoustic camera) are listed below:

Detection Mode

Operating Frequency: 

1.0 MHz

Beam width (two-way): 
0.4º H by 12º V

Number of beams: 


48

Source Level (average): 
202 dB re 1 μPa at 1 m

Range settings

window start: 


0.75 m to 23.25 m in 0.75-m intervals

window length: 


4.5 m, 9 m, 18 m, 36 m

Range bin size relative to window length: 
8 mm, 17 mm, 35 mm, 70 mm

Pulse Length relative to window length: 
8μs, 16μs, 32μs, 64μs

Identification Mode

Operating Frequency: 

1.8 MHz

Beam width (two-way): 
0.3º H by 12º V

Number of beams: 


96

Source Level (average): 
206 dB re 1 μPa at 1 m

Range settings

start range: 



0.38 m to 11.63 m in 0.38-m steps

window length: 


1.13 m, 2.25 m, 4.5 m, 9 m

Range bin size relative to window length: 
2.2 mm 4.4 mm, 9 mm, 18 mm

Pulse Length relative to window length: 
4μs, 8μs, 16μs, 32μs

Both Modes

Max frame rate 

    (window length dependent): 
4-21 frames/s

Field-of-view: 




29º

Remote Focus: 




1 m to max range

Power Consumption: 


30 Watts typical

Weight in Air (DC option): 

7.0 kg (15.4 lb.)

Weight in Water (DC option): 
0.61 kg neg. (1.33 lb.)

Dimensions: 




30.7 cm by 20.6 cm by 17.1 cm
The acoustic camera operates in two modes: 1) detection mode and 2) identification mode.  In detection mode, the acoustic camera primarily serves as a target detection system similar to other multibeam acoustic devices with minimal structure detail apparent in the images.  In the identification mode, however, the images provide a relatively high degree of detail similar to a normal camera such that the anterior and posterior extremes of the fish are recognizable and tail beat can easily be discerned.  The later operational mode will be used in the Secesh River.  Figure 3 shows several adult salmon captured by the acoustic camera in the University of Washington fish pond (depth from 0.3 m to 1 m).
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Figure 3.  Several adult salmon images captured by the acoustic camera at the University of Washington fish pond (fish moving right to left).

Migrating fish will be counted during a 1-week period until sufficient data has been collected to further the development of the counting software.  Initial improvements in the software will be implemented in the field to take advantage of system operational controls during data collection.  An early example of the counting software is included with this proposal (see .avi clip included with this proposal. This movie clip was recorded in a pond located at the University of Washington College of Fisheries and illustrates the fish counting feature of the software program. The fish shown in this clip are adult salmon traveling from right to left). Optical video observations will be taken during the operation of the acoustic camera to verify fish moving through the counting window.

In Task 2, we will further develop the counting software to reliably count fish in both directions (upstream and downstream).  Additional effort will be expended to add meristics to the fish counts including fish size (overall length) and velocity across the sample window.  These meristics will ultimately be useful for discerning species in mixed stock rivers.

Task 3 will be devoted to upgrading and adapting the acoustic camera technology to the task of producing accurate and precise counts of fish escapement into small streams.  We will first identify the shortfalls of the existing acoustic camera technology for the application to shallow water adult salmon escapement estimation.  Next, improvements to the technology will be designed into the shallow water adult salmon counting system.  The product of Task 3 will be an acoustic camera for test under extreme conditions.  Initial tests will be conducted at the PNNL laboratory under controlled conditions to include but not be limited to high turbidity, nighttime operation, and high velocity water conditions.

The final test of the acoustic camera system will involve exposing the system to the Secesh River under normal spring runoff conditions.  We will return to the site of the original data collection during spring runoff to collect additional data with the improved system and software.  Validation counts will be conducted by visual means (observation and optical video) in restricted portions of the counting window.  The validation data will be taken at various locations throughout the counting window at different times since the view will be limited by water conditions.  These carefully metered ground-truth observations will then be related back, in situ, to the observations made by the upgraded acoustic camera system.  Additional fine-tuning will be implemented in the acoustic counting software during the field-tests to provide counts that correspond to the visual observations.

At the conclusion to the field tests, an operational manual will be produced describing the functional and operational aspects of acoustic camera system.  The manual will include details of the operation of the hardware, software, deployment considerations, and limitations/troubleshooting.

Finally, a final report will be written describing, in detail, the development process, testing, and limitations of the final product.  All written documents will be converted to pdf format for electronic distribution.

f. Facilities and equipment
PNNL

PNNL is part of the U.S. Department of Energy national laboratory complex and is equipped with all the necessary equipment and experienced staff to conduct the proposed work.  The following equipment will be made available for use on this project:  video camera, recorders, multiplexers, monitors, positioners, recording devices and media, and personnel computers.  PNNL has a complex computer laboratory and staff capable of performing various statistical analyses.  A temporary office trailer will be situated near the proposed site and 110-volt power is available to run all the electronic gear.  The deployment of this system in the field will be dependent on there being a weir and associated mounting apparatus existing from an associated project funded by BPA.   

The primary cost for this project would be the purchase of the DIDSON acoustic camera camera (~90 k) and the subcontract with APL to develop the software code for automated fish counting.  Since each camera is fabricated on a per order basis, the lead-time to construct a unit is 5-6 months.  To minimize delays in the field-testing, APL has agreed to provide a loaner unit for our use during the summer of 2002. 

NPT

The NPT has management responsibilities on the Secesh River and has operated an experimental, passive, non-invasive chinook salmon escapement monitoring project there between 1997 and 2000, and on Lake Creek since 1998, utilizing time-lapse underwater video technology.  The NPT is recognized as the most knowledgeable about the Secesh site and will provide essential knowledge and experience for this project.  The tribe will provide vehicles, trailer space, and technician support.  The NPT is the lead proposer on Project 1997-030-00, Chinook Salmon Adult Abundance Monitoring, which will provide important infrastructure to this innovative project.

APL Subcontract:  

APL draws on its own special expertise and the traditional strengths of a major university to provide innovative and imaginative solutions to complex technical problems. About half of the Laboratory's program is devoted to exploratory and advanced development in electronics, signal and image processing, underwater acoustics, sonar systems, marine corrosion, transducer design, tactical oceanography, and antisubmarine warfare. The other half is committed to basic research in ocean physics, polar science, and ocean and medical acoustics, and includes acoustic tomography, climate change, satellite remote sensing, coastal mixing, sonoluminescence, and ultrasonic surgery. APL's breadth and depth in undersea science and technology account for its national reputation and its role as one of four University/Navy laboratories in the U.S.
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Section 4. Key personnel

Mr. Robert Johnson is a Senior Research Scientist at PNNL.  He specializes in applying hydroacoustic techniques to the study of fish populations in riverine, lacusterine and marine environments.  He will be responsible for the design and installation of the acoustic camera technology at the test site.  Mr. Johnson will be responsible for administrative and reporting requirements.

Mr. Robert Mueller is a Senior Science and Engineering Associate at PNNL.  He has been involved in applying underwater video and acoustic camera systems to document fish passage and classify habitat in riverine environments.  He will be responsible for the installation the video and acoustic camera as well as data collection, processing, and reporting.
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Robert Johnson

Senior Research Scientist (Grade III)

Battelle/Pacific Northwest National Laboratory

Richland, WA  99352

EDUCATION:


Bachelor of Science

California Polytechnic University, 1972

Major:  Natural Resources Management 







Master of Science 

University of Washington, 1977

Major:  Fisheries Science, 

GENERAL EXPERIENCE:

Mr. Robert L. Johnson is a Senior Research Scientist at the Battelle/Pacific Northwest Laboratory in Richland, Washington.  His primary area of expertise is application of hydroacoustic techniques to study the dynamics of fish populations in riverine, lacusterine, and marine environments.  His most recent experience has been in the application of hydroacoustic techniques at hydroelectric generating facilities on the Columbia, Snake, and Clearwater Rivers of Washington and Idaho.  These studies have resulted in the development of novel techniques of processing and analyzing split-beam data and multibeam data to derive fish behavior data.  He is currently exploring new technologies for fish tracking and monitoring fish behavior near structures and has two patents pending on fish tracking technologies that he has developed while at Battelle.  He is currently involved in development of a computerized surrogate sensor fish for collecting strike, shear, and pressure data inside turbines.  He has also played a substantial role in development and refinement of techniques to capture and archive video images in a database format for ease of access and quality assurance in fisheries evaluations.

Prior to joining Battelle and returning to the United States, Mr. Johnson was President and CEO of Canadian BioSonics Ltd. based in Chilliwack, British Columbia, Canada.  During his 6 year tenure at Canadian BioSonics Ltd., Mr. Johnson conducted numerous fisheries acoustic surveys across Canada including the provinces of Newfoundland, Quebec, Ontario, and British Columbia.  Additionally, he provided technical and/or equipment support to federal and provincial agencies in Newfoundland, New Brunswick, Quebec, Ontario, Manitoba, Alberta, British Columbia, and the Yukon Territory.  The studies that Mr. Johnson participated in involved critical fisheries issues in rivers, lakes, and both the Atlantic and Pacific oceans.  He made numerous presentations at meetings of the American Fisheries Society, Pacific Fisheries Biologists, and to agencies regarding the application of hydroacoustics to fisheries problems.  Mr. Johnson was also instrumental in providing acoustic equipment and PIT tagging equipment to federal, provincial, and private fisheries organizations across Canada.

Mr. Johnson’s fisheries acoustic career began in 1977 with the International Pacific Salmon Fisheries Commission (IPSFC) at The Sweltzer Creek Field Station, Cultus Lake, British Columbia.  During his 9½ years with the I.P.S.F.C.,  Mr. Johnson established the acoustic survey system and techniques that would ultimately be used as a key source of information for the management of sockeye salmon stocks in the Fraser River watershed.  Over those years, he conducted scores of lake surveys on the fifteen largest sockeye salmon rearing lakes in the Fraser River watershed, providing abundance estimates of  sockeye juveniles prior to their migration to sea.  The same system has undergone the scrutiny of the Canadian federal government and continues to be used as input to their management strategy.  Specific hydroacoustic studies involved population dynamics, feeding behavior, predator/prey relationships, seiche effects on distribution, and zooplankton abundance.  He also contributed to the development of the Fraser River echo sounding program at Mission, B.C. and initiated an attempt to use hydroacoustics to monitor returning adults in Area 20 prior to the Commission being disbanded in 1986.

Over the years, Mr. Johnson has provided technical training and support to scores of colleagues from the United States, Canada, Africa, and Switzerland through short courses and consulting activities.  He is currently working on development of improved techniques for redd searches using underwater video and development of techniques for acoustically monitoring behavior of migrating smolts near prototype surface collection by-pass systems at The Dalles dam on the lower Columbia River.

SELECTED PROJECT EXPERIENCE:

Fish Behavior in Front of the Prototype Surface Collector at Bonneville Dam in 1998:  Mr. Johnson was the Technical Manager for this $0.5M study sponsored by the U.S. Army Corps of Engineers, Portland District.  His primary involvement was the evaluation of the behavior of salmonid smolt as they approached the prototype surface collector using newly developed multibeam techniques.  This study resulted in development of improved techniques for evaluating fish behavior integrated with flow and other environmental variables. 

Fixed-Location Hydroacoustic Evaluation of the Prototype Surface Bypass and Collector at Lower Granite Dam in 1998:  Mr. Johnson was the Technical Co-Manager for this $1.2M study sponsored by the U.S. Army Corps of Engineers, Walla Walla District.  His primary involvement was the evaluation of the behavior of salmonid smolt as they approached the prototype surface bypass and collector using newly developed multibeam techniques.  This study resulted in development of new techniques for evaluating fish behavior integrated with flow. 

Fixed-Location Hydroacoustic Evaluation of the Prototype Surface Bypass and Collector at Lower Granite Dam in 1997:  Mr. Johnson was the Technical Co-Manager for this $2.1M study sponsored by the U.S. Army Corps of Engineers, Walla Walla District.  His primary involvement was the evaluation of the behavior of salmonid smolt as they approached the prototype surface bypass and collector using a combination of split-beam hydroacoustics as in 1996 and newly developed multibeam techniques.  This study resulted in development of techniques for evaluating fish behavior integrated with flow.  In 1997, he developed a concept for tracking fish using sonic tags and radar type tracking techniques with rotator mounted split-beam acoustic transducers.

Fixed-Location Hydroacoustic Evaluation of the Prototype Surface Bypass and Collector at Lower Granite Dam in 1996:  Mr. Johnson was the Technical Co-Manager for this $1M study sponsored by the U.S. Army Corps of Engineers, Walla Walla District.  His primary involvement was the evaluation of the behavior of salmonid smolt as they approached the prototype surface bypass and collector.  This study resulted in development of techniques for evaluating fish behavior with the flow component of the fishes movement removed.  He also conducted novel experiments with the first-ever application of scanning sonar to estimate fish distribution inside of a turbine intake.

Observation of the Behavior of Smolt During Approach to Surface Collector Prototypes, The Dalles Dam, Spring 1995:  Mr. Johnson was the Technical Leader for this study sponsored by the U.S. Army Corps of Engineers.  The study involves the development of a three dimensional description from a population perspective of the movements of smolts during their approach to sluiceway and spill surface collector prototypes at The Dalles Dam.

Bathymetry Mapping at 181 B&C and 181 D Pump House Intake Channels, Hanford Reach, Washington:  Pre-dredging surveys of the forebays at the 181 B&C and 181 D pump house intake channels were conducted.  An echo sounder was linked to a GPS system and the data was ultimately read into a GIS system to provide estimates of bottom contours and cut and fill for dredging activity that is currently underway by ICF Kaiser/Hanford.

Video Image Archiving System (VIAS) Developed for Yakima Fisheries Project, Bonneville Power Administration:  A video image archiving system and user’s guide was delivered to the Bonneville Power Administration along with recommendations for implementation at the Prosser viewing ladders on the Yakima River.

Resident Fish Entrainment at Dworshak Dam in 1994:  Report currently being prepared based on initial acoustic measurements within the gatewell and in front of the dam at Dworshak Dam during 1994.

Spawning of Fall Chinook Salmon Downstream of Lower Snake River Hydroelectric Projects, 1994:  Improved methods of deploying underwater video for redd searches in hazardous tailrace waters of hydroelectric dams during winter months were developed.  Positioning was accomplished using sub-meter differentially corrected GPS.
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Robert Mueller

Senior Science and Engineering Associate (Grade 4)

Battelle/Pacific Northwest National Laboratory

Education:

Bachelor of Science

St. Cloud State University, St. Cloud MN, 1987 

Major:  Aquatic Biology, Fisheries

Current Responsibilities:

Mr. Mueller has been a staff member within the Ecology Group at Battelle since January 1992.  His has extensive expertise in conducting fish passage evaluations on juvenile and adult anadromous pacific salmonids.  He has led numerous studies within the Snake, Hanford Reach, and lower Columbia River to locate, map, and classify salmon and steelhead spawning areas. Mr. Mueller has been involved in conducting hydroacoustic evaluations at several mainstem Snake and Columbia hydroelectric facilities (BPA, USACOE).  He lead a study to determine the feasibility of utilizing behavior barriers (high and low frequency sound and strobe light) as a mechanism for deterring juvenile salmonids from becoming entrained in water diversion systems (BPA).  He was a principle investigator in conducting laboratory tests for developing biological guidelines for high flow smolt bypass outfalls (USACOE).  The tests were conducted to simulate juvenile fish passage though an open channel and entering the tailrace pool.  He was a co-principle investigator in conducting laboratory tests to determine biological effects of shear, turbulence and pressure to juvenile salmonids and other species to a simulated turbine environment (USDOE).  He also led a field study to determine the behavior of juvenile Pacific Lamprey as they encounter intake screens at McNary Dam.  

Previous Employment:

From March 1990 through November 1991 he was a technical and biologist for the Oregon Department of Fish ad Wildlife, Clackamas Oregon.  Experience included the evaluation of fish screening facilities on the lower Umatilla River and electrofishing and gill netting to determine salmonid predator abundance in the Columbia and Snake rivers. 
Expertise:

Mr. Mueller has considerable experience in conducting passage/entrainment studies at water diversion facilities located in the Umatilla, Yakima, and Wenatchee river basins. He has conducted studies at major hydroelectric facilities and studied fish entrainment and fish behavior near bypass facilities.  He has participated in many workshops and conferences relating to fish passage issues.  He has authored or co-authored many reports that encompassed a wide range of issues surrounding salmonid habitat characterization and passage survivorship.   
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Dave Faurot

EDUCATION:


Bachelor of Science. 1961.

United States Coast Guard Academy.

Major: Engineering.

Master of Science

University of Michigan 1981

Major: Aquatic Ecology

PROFESSIONAL EXPERIENCE:
1997-present
Project leader.  Nez Perce Tribe, Department of Fisheries Resources Management.   Project Leader of the Listed Stock Chinook Salmon Escapement Monitoring project (BPA Project No. 19970300.  This project used underwater time-lapse video technology to determine the spawner abundance, run timing and fish per redd of adult chinook salmon in the Secesh River and Lake Creek, Idaho.

1995 - 1997
Retired, Orvis Endorsed fly fishing guide for Wapiti Meadows Lodge, owner/operator  Wildfish Biological Consultants.  Conducted biological consulting for U. S. Forest Service, State of Idaho, logging operations, and sports and environmental groups.

1993 - 1995
District Fisheries Biologist.  U. S. Forest Service Council Ranger District, ID.  Managed the District fisheries program, focused on; 1) protection and management of aquatic resources, and 2) integration of aquatic concerns into land management plans and activities.  Provided fishery input to all timber sales, grazing management plans and other projects.

1990 - 1993
District Fisheries Biologist.  Bureau of Land Management District Office, Roseburg, OR.  Provided guidance regarding sound fisheries management principles and incorporated them into land management plans and activities.  Developed a District fisheries plan that heightened the overall awareness of the anadromous fisheries and the complexity of their habitat requirements.  Worked with diverse adversarial groups within the confines of the Endangered Species Act and spotted owl habitat.

1988 - 1990
Acting Station Chief.  U. S. Fish and Wildlife Service, Kenai Fisheries Assistance Office, AK.  Principle investigator for Kasilof River coho and late-run chinook salmon run timing and spawning distribution project, oversight of four other investigations and a graduate students Masters of Science thesis project.   In charge of the station operations and studies, Participated in the on-site fisheries evaluations of Exxon Valdez oil spill.

1985 - 1988
Assistant Station Chief.  U. S. Fish and Wildlife Service, Kenai Fisheries Assistance Office, AK.  Conducted fishery population assessment studies on wilderness waters on the Kenai, Kodiak, Yukon Delta and Alaska Maritime National Wildlife Refuges.

1984 - 1985
Fisheries Biologist.  Alaska Department of Fish and Game.  Crew leader of chinook salmon tagging study and creel census on the Kenai River.

1983 - 

Fly fishing guide in Alaska 

1976 - 1982
Project Biologist.   National Marine Fisheries Service, Pasco, WA.  Involved with research studies of the effects of dams on migration rates, timing, and survival of salmon and steelhead in the Columbia River system. Involved with side-scanning sonar, and the first attempts of the U. S. Army Corps of Engineers echo sounding program at mainstem Columbia River dams.  Set up and operated the first juvenile salmonid radio tracking program in the western U. S., at John Day Dam.

1974 - 1976
Master of Science student.  University of Michigan.  

Fisheries Technician.  U. S. Fish and Wildlife Service, Great Lakes Fisheries Laboratory – Involved in ecological and water chemistry studies of the Great Lakes near- shore ecosystem.

1965 - 1974
U. S. Coast Guard.  Various locations. Included tours as Commanding Officer, USCGC Cape Morgan, a 95 foot search and rescue vessel, Commanding Officer, USCGC Pt Partridge, an 82 foot coastal patrol boat in Viet Nam, Commanding Officer, U. S. Coast Guard Base Astoria, Oregon, Executive Officer USCGC Gentian, a 180 foot buoy tender and Aids to Navigation Officer, 8th Coast Guard District.

Unique Abilities:

Management experience with resident and anadromous populations in wilderness areas.

Ecological and fish life history research on anadromous and resident fish species.

Radio tracking juvenile salmonid smolts through hydroelectric project forebays 

Ship handling (up to 311 feet)

Navigation.

Riparian and stream habitat assessment and rehabilitation projects 

Certified SCUBA diver – NAUI

Certified NOAA working diver (expired) 

Publications
Faurot, D. and P. A. Kucera.  1999.  Escapement monitoring of adult chinook salmon in the Secesh River, Idaho, 1997.  Annual Report to the Bonneville Power Administration.  Nez Perce Tribe Department of Fisheries Resources Management.  McCall, Idaho.

Faurot, D., P. A. Kucera and J. Hesse.  2000.  Escapement monitoring of adult chinook salmon in the Secesh River and Lake Creek, Idaho, 1998.  Annual Report to the Bonneville Power Administration.  Nez Perce Tribe Department of Fisheries Resources Management.  McCall, Idaho.

Faurot, D. and P.A. Kucera.  2001.  Adult chinook salmon abundance monitoring in the Secesh River and Lake Creek, Idaho, 1999.  Annual report to Bonneville Power Administration.  Nez Perce Tribe Department of Fisheries Resources Management.  Lapwai, ID.

Faurot, D. and P.A. Kucera.  In prep.  Adult chinook salmon abundance monitoring in the Secesh River and Lake Creek, Idaho, 2000.  Annual report to Bonneville Power Administration.  Nez Perce Tribe Department of Fisheries Resources Management.  Lapwai, ID.  

Faurot, D., R. Armstrong, P.A. Kucera, and M.L. Blenden.  1998.  Cryopreservation of adult male spring and summer chinook salmon gametes in the Snake River basin, 1997.  Annual Report to Bonneville Power Administration, Portland, OR Contract 97-AM-30423, Project 9703800. BPA Report DOE/BP-30423-2).

Faurot, D. A.  1980.  Juvenile salmonid outmigration of the Mid-Columbia River, 1997.  M. S. Thesis, University of Michigan.

Faurot, D. A., L. C. Stuehrenberg and C. W. Sims.  1982.  Radio tracking of juvenile salmonids in John Day Reservoir, 1981.  Final report to the U. S. Army Corps of Engineers. Seattle, WA.

Faurot, D. and R. N. Jones.  1990.  Run timing and spawning distribution of coho and late-run chinook salmon in the Kasilof River watershed, Alaska, 1987.  U. S. Fish and Wildlife Service, Alaska Fisheries technical Report Number 9.  Kenai, Alaska.

Faurot, D. A. and R. N. Jones.  1992.  Fishery resources in the Kisaralik River Basin, Yukon Delta National Wildlife Refuge, Alaska, 1986.  U. S. Fish and Wildlife Service, Alaska Fisheries Technical Report Number 14-5, Anchorage, Alaska. 

Jones, R. N.,D. A. Faurot and D. E. Palmer.  1993.  Salmon resources of the Swanson River watershed, Kenai National Wildlife Refuge, Alaska, 1988 and 1989.  U. S. Fish and Wildlife Service, Alaska Fisheries Technical Report Number 21, Kenai, Alaska. 

Paul A. Kucera

EDUCATION:


Bachelor of Science. 1975.

Utah State University.

Major: Fisheries Management.

Graduate Studies - MS

University of Idaho 1984-1987

Major: Fisheries Management.

PROFESSIONAL EXPERIENCE:
1992-present

Director of Biological Services and Acting Fisheries Program Manager for a six month period with the Nez Perce Tribe Department of Fisheries Resources Management.  Responsible for research projects, Department program direction and administration of the Fisheries Research Division.

1988-1991

Senior Fisheries Biologist with the Nez Perce Tribe Fisheries Department.  Adult salmon population status monitoring and LSRCP hatchery evaluation studies in major river subbasins in the Snake River.

1987-1988

Acting Fisheries Program Manager with the Nez Perce Tribe Fisheries Department.  Responsible for fisheries program management and direction.

1984-1986

Senior Fisheries Biologist with the Nez Perce Tribe Fisheries Department.  Conducted research on juvenile steelhead trout  life history characteristics and abundance in relation to physical habitat parameters on five streams.

1982-1983

Project fisheries biologist with the Nez Perce Tribe Fisheries Department.  Responsible for conduct of a physical and biological inventory of streams on the reservation proper with emphasis on anadromous salmonids.

1978-1980

Fisheries biologist with the Colville Confederated Tribes Fish and Wildlife Department.  Developed fishery management programs for the Colville Tribe on their 1.3 million acre reservation and the 1.7 million acre ceded area.

1975-1978

Fisheries research biologist with W.F. Sigler and Associates, Environmental Consulting Firm.  Ecological and fish life history research on 110,000 acre Pyramid Lake, Nevada.

Unique Abilities:

Certified Fisheries Scientist - AFS

Experienced with Endangered Species Act and management of listed fish species.

Ecological and fish life history research on anadromous and resident fish species. 


Population dynamics experience on Snake River Pacific salmon.


Management experience with resident and anadromous species.


Snake River water rights adjudication experience.


Familiar with Columbia River basin fisheries management issues.


Certified SCUBA diver - NAUI

Publications
Kucera, P.A. and M.L. Blenden. 1993. Chinook salmon spawning ground survey in Big Creek and tributary streams of the South Fork Salmon River, Idaho - 1991. Nez Perce Tribe Department of Fisheries Resources Management, Lapwai, Idaho.42 pp.

Kucera, P.A. and M.L. Blenden. 1998. Summary report of 1997 project activities relating to threatened chinook salmon populations listed under the Endangered Species Act. Nez Perce Tribe Department of Fisheries Resources Management, Lapwai, Idaho.

Kucera, P.A.  1998.   Nez Perce Tribe vision of the future for chinook salmon management in the South Fork Salmon River.  Pages 177-185 in Proceedings of the Lower Snake River Compensation Plan Status Review Symposium.  February 3-5, 1998.  U.S. Fish and Wildlife Service, Boise, Idaho.

Kucera, P.A. and M.L. Blenden.  1998.  Emigration of hatchery and natural chinook salmon from the Imnaha River.  Pages 141-153 185 in Proceedings of the Lower Snake River Compensation Plan Status Review Symposium.  February 3-5, 1998.  U.S. Fish and Wildlife Service, Boise, Idaho.

Kucera, P.A. and M.L. Blenden.  1999.  Chinook salmon spawning ground survey in Big Creek and tributary streams of the South Fork Salmon River, Idaho, 1992-1995.  Assessment of the status of salmon spawning aggregates in the Middle Fork Salmon River and South Fork Salmon River.  Technical Report 99-7.  Nez Perce Tribe Department of Fisheries Resources Management, Lapwai, Idaho.

Armstrong, R. and P.A. Kucera. 2000.  Salmonid Gamete Preservation in the Snake Basin, 1999. Annual Report to Bonneville Power Administration, Portland OR, Contract 97-AM30423, Project 97-038-00, and U.S. Fish and Wildlife Service, Cooperative Agreement No. 141109J003. Nez Perce Tribe Department of Fisheries Resources Management, Lapwai, Idaho.

Faurot, D. and P. A. Kucera.  1999.  Escapement monitoring of adult chinook salmon in the Secesh River, Idaho, 1997.  Annual Report to the Bonneville Power Administration.  Nez Perce Tribe Department of Fisheries Resources Management.  McCall, Idaho.

Faurot, D., P. A. Kucera and J. Hesse.  2000.  Escapement monitoring of adult chinook salmon in the Secesh River and Lake Creek, Idaho, 1998.  Annual Report to the Bonneville Power Administration.  Nez Perce Tribe Department of Fisheries Resources Management.  McCall, Idaho.

Faurot, D. and P.A. Kucera.  2001.  Adult chinook salmon abundance monitoring in the Secesh River and Lake Creek, Idaho, 1999.  Annual report to Bonneville Power Administration.  Nez Perce Tribe Department of Fisheries Resources Management.  Lapwai, ID.
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Edward O. Belcher

Principal Eng. APL-UW  & Affiliate Asst. Prof. E.E.
Education:


Institution and Location
Degree
Year

Field

Purdue University, W. Lafayette, Ind.
B.S.

1968

EE

Stanford, Palo Alto, CA
M.A.

1970

Education

Purdue University, W. Lafayette, Ind.
M.S.

1973

EE

Univ. of Washington, Seattle, WA
Ph.D.

1976

EE

Research and Professional Experience

1968-1969

Lockheed Missiles and Space, Missile Guidance design

1969-1972

High School Math and Science Teacher

1976-1982 Electrical Engineer, APL-UW

1982-1991 Senior Engineer, APL-UW

1991-Present
Principal Engineer, APL-UW

1984-1992 Research Scientist IV, Speech and Hearing

1980-1994 Research Assistant Professor, EE

1994-Present
Affiliate Assistant Professor, EE

1981-1982 He was a Visiting Scientist at the Norwegian Underwater Technology Center where he analyzed diver speech and developed an improved “helium speech” unscrambler. A descendent of this work was marketed in Sweden.

1978-1992 He taught  17 courses in EE (Systems, Communication Theory, and Control) and Speech and Hearing (Speech Signal Analysis)

1997
National Defense Industrial Association Bronze Medal 

Research:

Ed Belcher joined the Applied Physics Laboratory in 1977. He graduated from Purdue University with a M.S.E.E in 1973 and from the University of Washington with a Ph.D. in 1977.  He currently develops small, high-resolution sonars for divers, submersibles, and permanent installations such as dams. The technology uses thin acoustic lenses to form sub-degree beams.  Earlier projects have included underwater telemetry, enhancement of speech from divers in an oxygen-helium environment (performed while a visiting scientist in Bergen, Norway), quantification of fish in rivers, and quantification of bubbles in the blood streams of divers as they decompress. In 1997 he won the National Defense Industrial Association Bronze Medal for his development of high-definition sonars. 

He develops small, high-resolution sonars that bridge the gap between conventional sonars and optical system that fail in turbid water. The technology uses liquid-filled and solid, thin acoustic lenses to form sub-degree beams. Earlier projects have included underwater telemetry, enhancement of speech from divers in an oxygen-helium environment, quantification of fish in rivers, and characterization of bubbles in the blood streams of divers as they decompress.

Recent  Publications

1. E.O. Belcher, "Acoustic Lens Technology: Present and Future," Proceedings of the Symposium on Autonomous Vehicles in Mine Counter Measures, U.S. Naval Postgraduate School, Monterey, CA, April 4-6, 1995.

2. E.O. Belcher, "Advanced Imaging System Design and Performance," Applied Physics Laboratory, University of Washington Technical Report, APL-UW TR 9502, June 1995.

3. E.O. Belcher, D.L. Folds, B. Kamgar-Parsi, and B. Johnson, "High Resolution, Acoustic Imaging for Diver-Held Applications FY90-FY95 Overview Report," Applied Physics Laboratory, University of Washington Technical Report, APL-UW TR 9601, January 1996.

4. E.O. Belcher, "Application of Thin, Acoustic Lenses in a 32-Beam, Dual-Frequency,      Diver-Held Sonar," Proceedings of Oceans '96 MTS/IEEE, September 23-26, Ft. Lauderdale, Florida.

5. Behzad Kamgar-Parsi, Lawrence J. Rosenblum, and Edward O. Belcher, "Underwater Imaging with a Moving Acoustic Lens," IEEE Transactions on Image Processing, Volume 7, Number 1, January 1998, pg. 91-99.

6. E.O. Belcher, “Thin, Acoustic Lenses Applied in a 64-Beam, 750 kHz Diver-Held Sonar,” Proceedings of Oceans ’97 MTS/IEEE, October 6-9, 1997, Halifax, Nova Scotia,  pg. 451-456.

7. E.O. Belcher and D.C. Lynn, “An Application of Tapered, PZT Composite Lenses in an Acoustic Imaging Sonar with 1-cm Resolution,” Proceedings of Oceans ’97 MTS/IEEE, October 6-9, 1997, Halifax, Nova Scotia, pp. 1043-47.

8. E.O. Belcher, “Limpet mine imaging sonar,” Proceedings of SPIE, Vol. 3711, 13th Annual International Symposium on AreoSense, Orlando FL, April 1999. pp. 2-10.

9. E.O. Belcher, H.Q. Dinh, D.C. Lynn, T.J. Laughlin, “Beamforming and imaging with acoustic lenses in small, high-frequency sonars,” Proceedings of Oceans ’99 MTS/IEEE, Volume 3, September 13-16, 1999, Seattle, WA, pp. 1495-1499.
10. E.O. Belcher and D.C. Lynn, “Acoustic, near-video-quality images for work in turbid water,” Proceedings of Underwater Intervention 2000, January 2000.

11. E.O. Belcher, B. Matsuyama, and G. M. Trimble, “Object Identification with Acoustic Lenses,” Conference Proceedings MTS/IEEE Oceans 2001, Volume 1, Session 1, Honolulu Hawaii, November 5-8, 2001, pp. 6-11.
Bill Hanot graduated from the Massachusetts Institute of Technology with a BS in Naval Architecture and a MS in Ocean Engineering (1980).  His years of experience at APL/UW have included both software and hardware design, with an emphasis on embedded systems for instrumentation, data acquisition and acoustic lens sonar technology.  His software experience runs from assembly language programming of microcomputers and DSPs to user interfaces on DOS, WINDOWS, and UNIX platforms.  Bill designed the electronics, hardware and software for the Acoustic, Barnacle Imaging System (ABIS), Limpet Mine Imaging Sonar (LIMIS), and the Dual-Frequency Identification Sonar (DIDSON).

Joe Burch joined the Applied Physics Lab at the University of Washington in 1992.  He designed mechanical equipment for various underwater systems.  He designed the mechanical components and oversaw the fabrication and assembly of ABIS, LIMIS, and DIDSON. Mr. Burch graduated from Mississippi State University in1988 with a B.S.M.E.  He also worked 3 years as an engineer at the National Center for Physical Acoustics at the University of Mississippi.
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