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a. Abstract 
All of the projects in the mainstem research/monitoring group rely on information gathered from PIT-tagged fish.  This project addresses how to expand the current PIT-tag interrogation and tagging technologies to enable the fisheries community to successfully carry out the actions, research, and monitoring activities outlined in the 2000 BIOP and systemwide passage summary.  Its goal is to satisfy the need for PIT-tag interrogation systems that will collect data on migrating adult salmon through mainstem CRB dams, on juvenile salmon transiting high-flow bypass and surface-collector systems, and all life-stages transiting small streams.  

Besides project administration, the proposed work has five main research objectives: 

1) to upgrade the FS1001A transceiver that was developed to interrogate adult salmonids in fish ladders

The need for in-stream and high-flow detection as well as for larger antennas for future full-flow and counting-station interrogation systems requires modifications to the existing FS1001A transceiver.  There are six major areas that will be redesigned  – CPU hardware, power supply hardware, analog board, communication interface, display and keypad interface, and software for many of the individual components.  Each of these must be individually developed and then interconnected in a layout that minimizes internal noise.  The development is a 3-year endeavor with Digital Angel supplying in-kind support.  An upgraded transceiver would be able to meet the currently identified needs of the fisheries community plus have the flexibility to meet future, unidentified needs.

2) to develop and evaluate a high-flow interrogation system for the corner collector at Bonneville Dam 

If the corner collector designed by the COE is as efficient at attracting juvenile salmonids as the modeling suggests, PIT-tag data that are currently being collected at Bonneville Dam would be lost unless the current interrogation systems can be replaced with an effective high-flow system.  This will be a multi-agency effort to develop this system. The first steps in this effort will involve attending planning meetings to define the structural, technical, biological, and statistical requirements for a high-flow system.  This project will then develop and manufacture the antenna systems.  It will conduct the biological evaluation by using fish to estimate reading efficiency of the system and to investigate the impact of debris on fish condition.

3) to finish the development of an in-stream interrogation system

The development of the in-stream interrogation systems is in its final stages.  The antenna systems still need attention because electromagnetic interference continues to be a problem with the large unshielded antennas.  This project will test the interim auto-tuning and multiplexing solutions developed by Digital Angel to determine how effective they are under different environmental conditions.  This project will also finish the development and evaluation of different power systems for remote locations.

4) to help convert the flat-plate system for juvenile salmonids at Bonneville Dam to work with FS1001A transceivers

In order to transfer the operations and maintenance of the flat-plate interrogation system from NMFS to PSMFC, the system will be converted to utilize the FS1001A transceiver.  NMFS will modify the sample box for the new antenna system.  NMFS will also conduct electronic and biological evaluations to ensure that performance of the converted system is acceptable.

5) to adapt the state-of-the-art technology to tagging fish 

Tagging technology has not changed significantly in 15 years.  This project proposes to investigate different potential technologies to determine if they can be adapted for fisheries applications.  For example, adapting video technology to make length measurements during tagging sessions.

b. Technical and/or scientific background
The development of PIT-tag interrogation technology that will enable data to be collected on all life stages of salmonids is critical for successfully carrying out the actions, research, and monitoring activities specified by The NMFS 2000 Biological Opinion (BIOP) to avoid jeopardy for the FCRPS.  PIT-tag detection is a critical tool for performing the monitoring and evaluation of mitigation actions within the Columbia River Basin (CRB) that the Northwest Power Planning Council’s Fish and Wildlife Program identifies as needed to support its adaptive management framework that also deals with with-in year fish passage management (e.g., spill requirements).

This proposal addresses the need for PIT-tag interrogation systems that will collect data on migrating adult salmon through mainstem CRB dams, on juvenile salmon transiting high-flow bypass and surface-collector systems, and all life-stages transiting small streams.  Collecting these PIT-tag data are essential for fish managers to evaluate the population restoration efforts spelled out in the 2000 BIOP.  For example, expanding the technology will enable studies to be conducted that will yield more accurate estimates of conversion rates, effects of transportation, and smolt-to-adult return rates (SARs).  PIT-tag system development efforts include designing and fabricating the electronic components (transceivers and antenna systems) as well as conducting biological evaluations with fish to determine tag-reading efficiencies of the developed systems.  These fish tests also help determine the accuracy of the statistical models the fisheries community will depend on in the future.  

So the “problem” this project is addressing is how to expand the current PIT-tag interrogation and tagging technologies to enable the fisheries community to successfully carry out the specified actions, research, and monitoring activities outlined in the systemwide juvenile and adult passage program summary and the 2000 BIOP.  This includes implementing the strategies for meeting the passage survival performance standard that is central to the Five-year Implementation Plan developed by the Action Agencies.  This project will specifically address Actions 50, 87,107,192, and Research Actions 1194, but it also will develop interrogation systems whose data will be used by other projects to address many other Actions and Research Actions.  Of the eight future needs listed in the systemwide passage program summary, six would utilize PIT tags and the last need states that developing improved PIT-tag interrogation systems are critical for meeting many of the required research objectives.  Below, we provide an overall background and then specific background information for the PIT-tag technology that this project will be addressing during FY03-05.

This project was started in 1983 and has been instrumental in developing the PIT-tag technology that is currently relied on to manage the CRB salmonid stocks.  Permanent PIT-tag interrogation systems (antenna coils that surround the fish passageways, transceiver systems, and data-collecting computers) were added to the juvenile fish facilities in the Columbia River Basin starting in 1986 (Prentice et al. 1990c); the last facility at Bonneville Dam was completed in 1999.  As PIT-tagged salmonids migrate seaward, this network of interrogation systems collects information about individual fish passage without these fish being handled.  The information is automatically uploaded to a centralized regional database (PIT Tag Information System – PTAGIS) that is publicly accessible (ftp://ftp.psmfc.org/pub/pittag/data_loaded/interrogation/).  Starting in 2002, information is being collected on adult salmonids migrating through orifices at Bonneville and McNary Dams.  This network of interrogation systems provides fisheries managers and resource agencies with valuable information to evaluate the effectiveness of current management actions and restoration strategies.  PIT-tag technology has been an invaluable tool for collecting information on migrating juvenile salmonids.  Researchers have used the collected data to determine smolt migratory behavior (e.g., duration and timing of smolt passage), survival of both wild and hatchery stocks, and the relative benefits of transportation (e.g., Prentice et al. 1987, Marsh et al. 1996a, Achord et al. 1996, Connor et al. 1998, Marsh et al. 2000).  PIT-tag technology has provided the ability to track numerous stocks simultaneously as they pass through the network of interrogation systems.  This has permitted researchers and resource managers to examine the relationships of migratory behavior and success with different environmental parameters (e.g., temperature and flow).  Before 1992, fisheries and resource managers relied on thermal-branded and fin-clipped hatchery fish, index counts at dams, and flow patterns to guide their decisions on dam operation, flow augmentation, and spill levels.  Starting in 1992, managers began to incorporate PIT-tag data in the decision process.  By the end of the 1990s, PIT-tag data was the central tool being used.

Over the years, this project has been responsible for the development of the PIT-tag technology.  It helped develop and evaluate the tags themselves as they have evolved over time.  Initially, the technology was based on 400-kHz tags and now since 2000, the CRB uses 134.2-kHz ISO tags.  Both types of tags have evolved over time to make them perform better for fisheries applications.  This project helped develop and evaluate tagging techniques, interrogation systems for juvenile salmonids at the hydroelectric projects, different mechanical fish diversion gates, and the computer program to separate-by-code targeted fish.  It led the multi-agency effort in evaluating the ISO-based transceiver systems that were developed for replacing the interrogation systems for juvenile salmonids (FS1001) and then the transceiver system that was developed to interrogate migrating adult salmonids in orifices within fish ladders (FS1001A).  It has also been part of the effort to develop in-stream interrogation system that utilizes large unshielded antennas.  This last effort will provide a tool that would enable fish passage data and survival estimates to include natal stream information.  

However, the current transceiver technology lacks features needed to accomplish some of the identified goals listed in the 2000 BIOP and systemwide passage program summary (e.g., interrogating juvenile salmon transiting high-flow bypass and surface-collector systems, and implementing in-stream detection systems).  For example, auto-tuning is needed to adjust to changing environmental conditions (e.g., fluctuating water levels in streams) and multiplexing will be needed to deal with multiple antennas needed to cover the large area present in a surface-collector system or wide streams.  Furthermore, the ability to have a modular transceiver design would permit multiple analog boards to be powered by one power source, which would reduce the power requirements and make a transceiver system more amenable for use in remote locations.  This design would also have one CPU clock driving the system, which would minimize digital noise and allow for precise synchronization when multiple antennas are energized at one time.  A more industry-standardized modular design would also bring the flexibility to enable the system to easily adapt to future applications.  For example, having a separate card responsible for communication would enable different types of hardware such as fiber optics or USB ports to be utilized or a sensor card could be included that would record water temperature or other environmental parameters.  Therefore, the transceiver needs to be upgraded so that the fisheries community can expand the ability to collect solid PIT-tag data on the migrating salmon.  

In the spring of 2001, the need for a new generation of transceiver was discussed at both Adult PIT-Tag Oversight Committee (APTOC) and the PIT-Tag Steering Committee where the concept was given unanimous support by federal and state agencies.  There are a number of steps involved in upgrading the transceiver.  They include writing a requirements document; investigating digital-signal-processing to improve the signal-to-noise ratio that would enable the tag to be detected farther away and permit even larger antennas; planning and designing the different boards that make up the transceiver; and testing the prototype boards under both laboratory and field conditions.  Producing an upgraded transceiver is not an inexpensive endeavor; however, Digital Angel Corporation, who designed and manufactured the previous systems for juvenile and adult salmonids plans to provide in-kind support that represents approximately 36% of the total development cost.  Then once this technology is developed, it will need to be evaluated under actual application conditions (e.g., small stream and high-flow detection systems).  These biological evaluations will help to determine the accuracy of the data that will be collected by future users.

The in-stream interrogation system is in its final stages of development.  The latest antenna design, which is a hybrid between the pass-by and fixed pass-through designs, was developed in FY02.  The hybrid design has one end of the antenna attached permanently to the stream bottom and the other end floats on the surface, which allows fish to pass through the antenna where the electromagnetic field is strongest.  This hybrid design adjusts better to how fish passage changes with fluctuating water levels; however, like previous antenna designs, electromagnetic interference (EMI) continues to be a problem with the current in-stream interrogation systems, resulting in reduced tag-read range and reading efficiencies.  Two sources of EMI have been identified, the large unshielded antennas and the transceiver itself.  The next generation or upgraded transceiver should address the EMI problem associated with the transceiver.  More work needs to be conducted on the antennas to reduce their susceptibility to EMI – this work includes investigating different capacitors and the possibility of incorporating shielding to improve this design.  We will continue to work with energy specialists from Washington State University and BPA for developing remote power systems for the in-stream interrogation system.  Digital Angel has developed an interim solution for auto-tuning its current transceiver and multiplexing multiple antennas (multiplexing means that the system automatically alternates activating different antennas instead of having all of the antennas activated constantly).  This interim solution will be tested at the NMFS Research Station at Pasco that has a stream whose water levels can be controlled.  An additional tool that is needed for in-stream research is a backpack size transceiver system that could be used to conduct in surveys of stream reaches without needing to electroshock the fish first and to scan carcasses and redds.  This transceiver system would need to be more powerful than the presently available portable transceiver system from Digital Angel.  Although the in-stream interrogation system development is not fully finished, users are already implementing the technology.  Consequently, the technology is already being transferred to other users.

The Pacific Northwest National Laboratory (PNNL) is the lead agency in a joint effort by BPA and the U.S. Army Corps of Engineers (COE) to develop a high-flow (high-Q) interrogation system to interrogate juvenile fish in large channels such as the corner collector planned for Bonneville Dam.  The corner-collector design includes a 10’ x 15’ channel while the largest single antenna that is currently being used is 2’ x 6’ and so decisions need to be made on how best to apply PIT-tag technology to this problem.  Addressing this problem is critical because if the corner collector is as efficient at attracting juvenile salmonids as the modeling suggests, PIT-tag data that are currently being collected at Bonneville Dam would be lost unless the current interrogation systems can be replaced with an effective high-flow system.  For most of the models used by fish managers, their predictions would be significantly weakened if data were not collected at Bonneville Dam. This project will be involved in developing and evaluating the electronic portion of this development program.  The first steps in this effort will involve attending planning meetings to discuss the structural, technical, biological, and statistical requirements for a high-flow system.  Digital Angel anticipates having to make some changes to its transceivers to address the statistical needs for subsampling.  Developing and evaluating the electronic portion will include designing, modeling, and manufacturing the antenna and associated antenna cable, and making both hardware and software changes to the transceiver.  A prototype will then be built that needs to be verified in the laboratory and then tested at the NMFS Pasco Research Station before it can be installed into Bonneville Dam.  Once the technical team is satisfied with the prototype performance, Digital Angel will then fabricate the antenna system that will be installed into the corner collector system at Bonneville Dam.  After the high-flow system is installed, this project will lead both the electronic and biological evaluations of the installed prototype high-flow system.  The biological evaluation will use fish to estimate reading efficiency of the system as well as to investigate the impact of debris on fish condition.  This will need to be done with different species and at different times of the year as fish behavior and debris load could significantly effect the reading efficiency and fish condition.

In order to transfer the operations and maintenance of the flat-plate interrogation system for juvenile salmon at Bonneville Dam from NMFS to PSMFC, the system will be converted to utilize the FS1001A transceiver system developed for interrogating adult salmon in fish ladders.  This conversion will also require that a new antenna system be designed, which will necessitate modification of the sample box.  The new system will be installed temporarily in the fall of 2002 for an electronic evaluation to ensure it will work satisfactorily.  After it is permanently installed in early 2003, NMFS proposes to conduct a biological evaluation of the converted system.

The 2000 BIOP indicates the need to investigate state-of-the-art detection and tagging techniques to support long-term research, monitoring, and evaluation efforts (Action 193).  Coded wire tags and PIT tags are still the primary tags used in fisheries applications.  Even for PIT tags, there is a need to adapt state-of-the-art technology to tagging fish.  Data entry relies on digitizers, whose pens are unreliable.  It is time to investigate replacing some of the data-entry system components.  For example, adapting video technology to obtain fish length measurements and waterproof touch-screen technology for data entry.  

Another tagging technology that needs to be investigated is the technical feasibility of developing a miniature radio tag/PIT tag that has no external antenna and that can be activated and deactivated to conserve battery life.  Such a tag would be designed to be read with existing PIT-tag interrogation systems in addition to having long range capability for in-river use (e.g., spill way monitoring).  Also PIT tags that include sensors for specific physiological parameters are becoming available from vendors; such tags could possibly be used to determine the physiological state of a fish (i.e., stress).  In addition, as salmonids ascend fish ladders, they are identified as to species and counted.  People stationed in counting-station facilities located in fish ladders carry out this activity.  The fish counts and species information is based on a subsample of the population since counts only occur during daylight hours and then only during a portion of each hour.  The information obtained at the fish ladders is critical to both fisheries managers and biologists in their effort to restore threatened and endangered stocks.  Presently millions of dollars are spent annually obtaining fish identification and enumeration data.  The ability to reliably automate these tasks would result in more accurate information; however; this has been attempted on a number of occasions in past years with limited success.  NMFS proposes to investigate the technical feasibility of using a specialized spectral analyzer to identify the species of a fish.  The analyzer would be used to examine the light pattern reflected from scales of fish.   

Another problem with the current tag is that some are lost when the adult salmonids enter late maturation.  As researchers start to include tagging information over all life-stages into their projects or models, it will become more critical that the tag not be lost during maturation.  This project did some preliminary research on this issue in the 1990s – first documenting that it was critical for some salmonid species and then evaluating a few different encapsulating materials.  Other researchers have raised interest in the subject during the past 2 years and so it appears time to re-initiate this project and determine what new encapsulating materials are available.  To conduct a thorough investigation, the encapsulating materials will need to be tested on a small-scale in more laboratory setting and then finally a large-scale biological evaluation that includes tagging fish in a hatchery and then releasing them to the river so that the tagged fish experience a typical life cycle.  Then the returning tagged fish would be monitored at the hatchery.

c. Rationale and significance to Regional Programs
As stated in the systemwide passage summary, all of the projects in the mainstem research/monitoring group rely to a large extent, or almost exclusively, on information gathered from PIT-tagged fish.  Additionally, over 60 other NWPPC Fish and Wildlife Program projects utilize PIT tags, as do many projects funded by the COE.  Furthermore, resource managers rely on data produced by studies using PIT tags to make critical decisions that are required by the 2000 BIOP for the FCRPS, the proposed Snake River Recovery Plan, Five-year Implementation Plan, and other regional plans.  Currently, these data are still primarily collected on juvenile salmon; 2002 is the first year that data will be collected on migrating adult salmonids in fish ladders at Bonneville and McNary Dams.  Collecting data on adult salmonids at many of the mainstem CRB dams will be critical for the Action Agencies to succeed with their Five-year Implementation Plan outlined in the mainstem juvenile and adult passage program summary.  Basically, to evaluate the success of various restoration strategies, it will be critical to collect data on migrating adult salmon through mainstem CRB dams, on juvenile salmon transiting high-flow bypass and surface-collector systems, and all life-stages transiting small streams.  This project is responsible for developing or overseeing the development and evaluation of PIT-tag technology needed so that many of the research objectives described in the 2000 BIOP (e.g., evaluation of transport benefits, conversion rates, SARs, assessing less-intrusive interrogation methods for juvenile bypass systems – RPA 50,87,192,193,104) can be accomplished.  To accomplish these objectives, this project needs to develop in-stream and high-flow (or high-Q) interrogation systems, both of which will be more effective systems when they can incorporate the upgraded transceiver.

d. Relationships to other projects 
As described in the systemwide passage summary, this project is part of the fundamental structure required by the research, monitoring, and evaluation (RM&E) studies because all of these projects rely to a large extent, or almost exclusively, on information gathered from PIT-tagged fish. Thus any data collected from incorporating PIT-tag technology to new locations will yield additional data that these RM&E projects can incorporate into their models.

Projects that this project directly interacts with include a) the PIT Tag Purchase and Distribution Project (#199808001) that provides the tags we use; and b) the Columbia Basin PIT Tag Information System (PITAGIS) Project (#199008000) that helps set up data-collection platforms for our dam-based studies and provides an internet location for storing PIT tag data created by these studies.  Furthermore, we use PTAGIS regional database and O&M web-based tools to aid us in evaluating how well systems are performing and in maintaining prototype systems we have installed.  The R&D work conducted by this project has led directly into the equipment and information that is utilized in the installations and evaluations conducted under the Adult PIT Detector Installations Project (200100300). 

The work involved with developing a full-flow interrogation system is a multi-agency project.  Personnel from NMFS, PNNL, PSMFC, BPA-contractor Digital Angel, and COE-contractors will all have to work together.  The tasks have been defined to utilize the strengths of each of the parties.  PNNL will manage the project, NMFS will head up the biological evaluation, Digital Angel will head up the transceiver development and the antenna development,  Digital Angel will also manufacture the transceivers and antennas, PSMFC will head up the installation of the electronic components while the COE and its contractors will be in charge of the installation drawings and the antenna and infrastructure installation.

The development of an upgraded transceiver by Digital Angel (this company merged with Destron-Fearing in 2001) would parallel similar development efforts undertaken when they developed the FS1001 and FS1001A transceivers.  NMFS and other agencies would form a technical team that would help finalize the requirements document, be part of the that plans and reviews the upgraded transceiver design, and then would evaluate the final prototype system to ensure that it satisfies the needs of the fisheries community.  Digital Angel is the obvious manufacturer to choose for upgrading its current FS1001A transceiver.

e. Project history (for ongoing projects) 

Project number and funding to date:  

Although the project number has basically remained the same over the years (83-319 became 198331900), there have been different contract numbers.  From 1983 to 1997, the contract number was DE-AI79-84BP11982.  From 1997 to 2000, the contract number was 97AI31168.  In October 2000, the contract number became 00000307-00001.  Since 1983, this project has received approximately $18,400,000.

Summary of major results achieved:

BPA initiated a contract with NMFS in 1983 to determine the technical and biological feasibility of applying passive-integrated-transponder (PIT) tag technology to fishery problems in the Columbia River Basin (CRB).  This project has been instrumental in developing and overseeing the development of the PIT-tag technology that is currently relied on to manage the CRB salmonid stocks.  Over the years, this project has helped develop and evaluate the tags themselves as they have evolved over time.  Initially, the technology was based on 400-kHz tags and now since 2000, the CRB uses 134.2-kHz ISO tags.  Both types of tags evolved over time to make them perform better for fisheries applications.  Many years were also spent investigating the effects of tagging on survival, growth, behavior (swimming, response to predators), and SARs of most of the salmonid species.  This project helped develop and evaluate tagging techniques, interrogation systems for juvenile salmonids at the hydroelectric projects, different mechanical fish diversion gates, and the computer program to separate-by-code targeted fish.  The last two efforts have enabled more sophisticated transportation studies to be designed as the fish can automatically (and randomly) be separated at the juvenile fish facilities into groups of fish that are transported and fish that are returned to the river.  

This project has also been successful at developing directly or overseeing the development of numerous kinds of interrogation systems.  This would include the original 400-kHz system used to interrogate juvenile fish at the hydroelectric projects.  It would also include the flat-plate system at Bonneville Dam and the interrogation system that is towed at the cod end of sample nets in the Columbia River estuary.  In addition, the NMFS personnel from this project led the multi-agency effort in evaluating the ISO-based transceiver systems that were developed for replacing the interrogation systems for juvenile salmonids and then the FS1001A transceiver system that was developed to interrogate migrating adult salmonids in orifices within fish ladders.  The project was also responsible for developing the underwater antenna system utilized by the orifice-based interrogation system.  We also oversaw the installation of the prototype orifice-based interrogation system into the Washington Shore Ladder at Bonneville Dam.  We then tagged fish from different species and run times to evaluate the reading efficiency of this system and the statistical models developed by the University of Washington and PSMFC.  This project has also been part of the development of an in-stream interrogation system that utilizes large unshielded antennas.  This last effort will provide a tool that would enable fish passage data and survival estimates to include natal stream information.  

Because NMFS personnel designed or co-developed many of the present PIT-tag system components, they are an important resource for providing technical support and training to ensure the reliable operation of PIT-tag technology throughout the CRB.  Over the years, they have also provided assistance in adapting PIT-tag technology for investigations in other countries.

Adaptive management implications:

PIT-tag technology has provided the ability to track numerous stocks simultaneously as they pass through the network of interrogation systems located at the hydroelectric facilities.  This has permitted researchers and resource managers to examine the relationships of migratory behavior and success with different environmental parameters (e.g., temperature and flow).  Before 1992, fisheries and resource managers relied on thermal-branded and fin-clipped hatchery fish, index counts at dams, and flow patterns to guide their decisions on dam operation, flow augmentation, and spill levels.  Starting in 1992, managers began to incorporate PIT-tag data into the decision process.  By the end of the 1990s, PIT-tag data was the main tool being used by the resource managers.  Thus, expanding the technology to permit more data to be collected has obvious adaptive management implications.  This program is attempting to develop technology that will provide the managers with the data they need to develop and refine management plans and strategies for salmonids and for hydrosystem management in the CRB.

The listing of many salmonid stocks as threatened or endangered in recent years has compelled fisheries managers and resource agencies to evaluate the effectiveness of current management actions and restoration strategies.  To help accomplish this goal, smolt-to-adult return rates (SARs) need to be computed for groups of fish subjected to different conditions.  Having interrogation systems that can detect tagged adult salmonids at critical hydroelectric projects will be essential for computing accurate SARs.
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f. Proposal objectives, tasks and methods
1. Upgrade transceivers to meet the expanding needs of the fisheries community for collecting PIT-tag data in new locations.

a. Develop requirements for DSP, hardware (CPU and analog boards), software, power supply, packaging, and communication.

b. Develop hardware/software designs of individual components   
c. Prototyping and system integration, which includes a review of the producibility of each component

d. Participate on technical team.  Review and write requirements document.  Participate in reviewing design plans and monitoring implementation progress.   

Tasks starting in FY04 or FY05:

e. Test upgraded transceiver prototype at Pasco Research Station and Abernathy.  Also evaluate prototype to ensure it satisfies requirements document.

f. Manufacturing and delivery of 4 production units

The need for in-stream and high-flow detection as well as for larger antennas for future full-flow and counting-station interrogation systems requires modifications to the existing FS1001A transceiver.  The modular design of the FS1001 (juvenile system) reduced the development time for the FS1001A (adult system).  Similarly, the FS1001A can be upgraded by integrating the hardware and software developed for the multiplexing and auto-tuning components with an upgraded CPU processor and a layer of Digital Signal Processing (DSP).  In addition, the packaging would be redesigned to use a standard interface bus that would allow for additional interfaces (e.g., communication boards, environmental sensors) as well as the ability to hold analog cards for up to 8 antennas.  Together, this upgraded transceiver would yield a system with significant power reduction (critical to the in-stream system), the ability for one transceiver to control 1-8 antennas that would permit multiplexing the antennas, ability to auto-tune each antenna, and a better signal-to-noise ratio (critical to the in-stream and high-flow systems).  In addition, the upgraded transceiver will incorporate a 32-bit processor to replace the current 8-bit processor.  This would permit the transceiver to store date and time stamps along with the tag codes in its memory.  It would also allow for other interface cards to be added such as environmental sensors or a hard drive.  Thus, this upgraded transceiver would be able to meet the currently identified needs of the fisheries community plus have the flexibility to meet future, currently unidentified needs.

The development of this upgraded transceiver is a 3-year endeavor (see project plan in an attachment file – 1983319attachment-1.pdf).  Most of the additional requirements for this upgraded system were defined during meetings held in 2001 with different federal and state agencies and with technical personnel from NMFS and PSMFC.  A multi-agency technical team will be formed in October 2002 that will be involved with Digital Angel in designing the hardware and software components of the upgraded system.  In addition, this team will review the implementation process to ensure that the upgraded transceiver meets the needs of the fisheries community.  The 2001 list of requirements needs to be reviewed and then a requirements document needs to be written. Digital Angel and NMFS will write the requirements document, which BPA, COE, PSMFC, and members of the PIT-tag Steering Committee will then review.  Digital Angel will also hold planning meetings with the multi-agency technical team to discuss the overall system and component designs.  There are basically six major areas – CPU hardware, power supply hardware, analog board, communication interface, display and keypad interface, and software for many of the individual components.  Each of these has to be individually developed and then interconnected in a layout that minimizes internal noise and heat problems.  Therefore, packaging is a critical seventh area in the development.  There will be monthly status conference calls to discuss how the development is progressing.  The development schedule anticipates prototype transceivers will be completed in 2 years or August 2004.  These will then be evaluated in the laboratory and then at the Pasco Research Station and at the USGS Station in Abernathy over a 6-month period to ensure that they satisfy the requirements document.  Four production units will be finished by September 2005.  

As mentioned previously, Digital Angel is supplying in-kind support for this project as they did during previous transceiver developments.  NMFS personnel will be involved as members of the multi-agency technical team that will be responsible for helping to write the requirements document, be involved in planning the overall system and component designs, reviewing the progress of the development, and then evaluating the prototype and production units to ensure that they satisfy the requirements document.

2. In-stream interrogation system

a. Testing at Pasco in FY03 on the auto-tuning and switching components being developed.     

b. Finish development on remote power systems and antenna systems 

Tasks starting in FY04 or FY05:

c. Develop backpack-sized portable unit for in-stream surveys 
The development of the in-stream interrogation systems is in its final stages.  Digital Angel has tested in the laboratory some prototype auto-tuning and antenna-switching (multiplexing) components for its FS1001A transceiver that potentially could be utilized now instead of having to wait for the upgraded transceiver.  These add-on components need to be tested under field conditions.  NMFS and Digital Angel plan to test the first prototypes at the Pasco Research Station in October 2002 and then the final add-on components during the spring of 2003.  The Pasco Research Station has a stream whose water level can be adjusted, which will allow for a solid evaluation of the auto-tuning capability under different conditions to be conducted over a short time.  The stream will also enable the multiplexing to be tested under field conditions.  If necessary, the raceway system there can also be utilized for troubleshooting problems that develop during these evaluations.

Adding the capabilities of auto tuning and multiplexing will also help finalize development of the antenna systems.  As indicated above, these unshielded large antennas are susceptible to EMI.  Some EMI originates from the electronic coupling between two antennas when they are in close proximity (20 feet) to one another.  Therefore, during FY03 and FY04, we will investigate whether it is possible to reduce the noise.  These efforts will include determining the effect of multiplexing, different capacitors, and the possibility of adding shields.  The upgraded transceiver will also help significantly reduce the noise registered with these large antennas.  Although multiplexing would eliminate the antenna coupling problem, this approach has only one antenna operating at a time while the other antennas are turned off and thus nonfunctional.  The unknown at this point is how quickly the antennas can be switched between an active and inactive state.

Developing a cost-effective electrical power system to use small stream PIT-tag systems in remote locations has been a challenging task.  During FY03, we will continue to work with WSU Energy specialists to develop a suite of power systems to meet a variety of user requirements.  A 24-V DC battery system will be the basic system to which other battery-charging components are added to extend battery usage (e.g., solar or solar-generator combination).  The systems will be designed to meet various operation scenarios and budgets.  As these systems are developed, NMFS will conduct field testing to determine how well they stand up to a variety of environmental  (e.g., temperature) and power load conditions.  In addition, discussions will continue with Mark Jackson from BPA to help monitor how quickly the fuel cell and other power system technologies mature to determine when they will be ready to be adapted for fisheries applications.

In addition to the need for permanent in-stream interrogation systems with large antennas, there is a need for portable systems to use for stream surveys.  These backpack-sized units would be used to obtain in-stream information on both juvenile and adult fish.  The units would be designed so that the investigator while wadding a stream could carry it.  Some of the features to be incorporated would include:  light weight, water proof, easily changeable antennas and batteries, and data storage.  NMFS would interface with the fisheries community to produce a requirements document for the system in FY05.  The system would then be developed by an equipment manufacturer and initially evaluated by NMFS.

3. High-flow interrogation system

a. Participate on technical team - attend meetings, prepare and give presentations.  Review requirements document, antenna, receiver, biological and statistical plans for prototype.  Monitor implementation progress.  

b. Design, fabricate, and verify performance of the prototype antenna system.

c. Make modifications to transceiver to accommodate statistical needs.

d. Develop and prepare test plan for biological evaluation of high-flow system installed into Bonneville Dam.  Obtain necessary permits.  Conduct the biological evaluation.  Write summary report

Tasks starting in FY04 or FY05:

e. Assist with high-flow system installation 

f. Manufacture and deliver 9 transceivers and antenna system for installation. 

g. Develop and prepare test plan for electronic evaluation.  Conduct the electronic evaluation.  Write summary report.
The 2000 BIOP proposes that efforts continue towards the development of surface bypass technology as a means of increasing juvenile salmonid passage survival (Section 9.6.1.4.1).  Under the COE research program to investigate the application of surface collection technology at lower Snake and Columbia River projects, hydroacoustics has been the primary evaluation tool used to determine fish attraction to and use of surface collector entrances.  However, hydroacoustics has not always been a reliable tool for determining definitively whether fish actually enter or are merely present at the collector entrance because these locations often experience excessive hydroacoustic noise from both project and natural sources.  In addition, if the surface bypass technology is as effective at collecting juvenile fish as hoped for, a significant amount of data would be lost from PIT-tagged fish being diverted away from the currently installed interrogation systems.  It is thus imperative that a suitable interrogation system be incorporated into surface bypass systems in order for the PIT-tagged fish to continue to provide information required for research, monitoring, and evaluation efforts. 

In order to help the Action Agencies (BPA and the COE) meet their obligations outlined in the 2000 BIOP for an alternative method to estimate the number of juvenile salmonids entering surface collectors and other surface flow bypasses, a multi-phase multi-agency research program is being proposed to develop and evaluate an extended-range PIT-tag interrogation system for these large-channel applications.  Pacific Northwest National Laboratory will be the lead agency in this effort.  It is hoped that the COE will provide the primary funding for system development and BPA will support the electronic work.  NMFS, Digital Angel, and PSMFC will be involved in the program.  As with the upgraded transceiver development work, one of the first steps will be to draft a requirements document that will include a description of the limitations on the types of antennas that can be designed for these applications.  NMFS, Digital Angel and PSMFC will attend technical meetings to discuss the structural, technical, biological, and statistical considerations for a high-flow system. They will then review the requirements document that PNNL produces.  This technical team will continue to attend progress meetings and review antenna, receiver, and statistical plans for prototype.  NMFS and Digital Angel will periodically prepare presentations to be given at the technical and FFDRWG meetings.

Developing and evaluating the electronic portion will include designing the antenna and associated antenna cable, and making software changes to the transceiver to accommodate statistical needs.  A prototype will then be built by Digital Angel that needs to be verified in the laboratory and then tested at the NMFS Pasco Research Station before it can be installed into Bonneville Dam.  The prototype antenna system may also need to be tested with a model by the COE in its facility in Tennessee to confirm its effects on hydraulics.  After the prototype system is designed, NMFS will prepare a test plan for the biological evaluation.  The biological evaluation will use fish to estimate reading efficiency of the system as well as to investigate the impact of debris on fish condition.  This evaluation will be done over the entire year so that different species and different levels of debris can be examined.  Fish behavior as they move through the large channel could be quite different for different species and sizes of fish.  The technical team, FPAC, federal and state agencies, and Tribal Nations will be given the opportunity to review this plan.

If the current development schedule is successful, the high-flow interrogation system will be installed in time for the 2004 juvenile salmonid outmigration.  However, there is a good chance it will be delayed as the program is just starting.  This might be advantageous, as it would enable the upgraded transceivers to be utilized.  Whenever, the installation occurs, the technical team will assist with system installation by reviewing the COE’s 60% and 100% drawings.  PSMFC will be in charge of installing the electronic portion of the installation system. NMFS will be in charge of conducting the biological evaluation of the installed high-flow system.  This will include analyzing the data and writing a summary report.

4. Flat-plate interrogation system for juvenile salmon at Bonneville Dam

a. Modify sample box and install the new box.

b. Assist Digital Angel in evaluating the converted system in-situ in fall 2002

c. Evaluate the installed converted system to ensure that it meets or exceeds the performance of the ISO-based system using the Patten-Engineering transceivers.  This will be done with electronic and fish tests.

In order to transfer the operations and maintenance of the flat-plate interrogation system for juvenile salmon at Bonneville Dam from NMFS to PSMFC, the system will be converted to utilize the FS1001A transceiver system developed for interrogating adult salmon in fish ladders.  This conversion will require that a new antenna system be designed, which will necessitate modification of the sample box.  Digital Angel is under contract with BPA to design and fabricate the new antenna system.  NMFS will be in charge of modifying the sample box, which due to structural changes to accommodate the antenna system will basically be rebuilt.  The new system will be installed temporarily in the fall of 2002 for an electronic evaluation to ensure that this system meets or exceeds the same performance criteria (e.g., read range, field size where tags can be detected) as the ISO-based system using the Patton-Engineering transceivers.  Electromagnetic interference at this location has been a problem in the past so this will be examined.  The transceivers will need to be adapted so that the antennas will be put into stand-by mode when the sample box is raised, so this feature will also be tested in the fall.

After the converted flat-plate system is permanently installed in early 2003, NMFS proposes to conduct a biological evaluation of the converted system.  NMFS will determine tag-reading efficiencies using approximately 200 hatchery chinook salmon and 200 hatchery steelhead.  The same test procedure to determine tag reading efficiency that was used to test first the 400-kHz and then the original ISO-based system will be used.  In this procedure PIT-tagged juvenile salmonids are released one at a time into the DSM channel about 20 m upstream from the flat-plate system.  NMFS will analyze the data and write a summary report.

5. Adapt state-of-the-art technology to tagging fish

a. Adapt video technology to make length measurements during tagging.  Adapt touch-screen technology for data entry. 

b. Investigate the technical feasibility of adapting alternative tagging technologies to fisheries applications.  Interface with vendors and evaluate prototypes.

Tasks starting in FY04 or FY05:

c. Investigate using spectral analysis to identify different species and then eventually use tool to enumerate them.  

d. Investigate different encapsulating material for PIT tags to determine if tag retention during maturation can be improved.

The data entry station presently used in the CRB was developed by NMFS and is based on mid-1980s technology.  Presently when tagging fish, the PIT-tag code is entered into a computer file via a portable transceiver, fish weight is sent to the computer via an electronic balance, and other information including fish length, comments, and some data entry control commands are sent to the computer via a digitizing board.  This basic system has served the fisheries community well over the years; however, at times data are lost and large amounts of time can be spent correcting system problems.  This lost time can be critical if it occurs during a tagging session where fish survival is at risk.  One of the primary problems system users have encountered is the failure of the digitizing board to respond because of a wet stylus pen.  To overcome these problems we propose to investigate the use of video and waterproof touch-screen computer technology for data entry.  We believe that a small video camera interfaced with a high-speed frame grabber and image recognition software will enable fish lengths to be obtained automatically without the need to directly enter the data.  In addition, by using a waterproof touch screen, other menu items can be accessed and entered like they are presently, but without the fear of system failure because of water causing a malfunction.  These system changes should result in more accurate information being obtained and expedite the data entry process, which will result in shorter tagging sessions and less stress to the fish.

The process of identifying and counting the fish ascending fish ladders is labor intensive and somewhat subjective.  The information obtained at the fish ladders is critical to both fisheries managers and biologists in their efforts to restore threatened and endangered stocks.  NMFS proposes to address the challenge of developing a reliable and accurate fish identification and enumeration system in a stepwise manner.  The first step will be to determine the technical feasibility of using a specialized spectral analyzer to identify the species of a fish.  The analyzer would be used to examine the light pattern reflected from fish scales.  The planned initial exploratory tests would determine whether the scales of each species of fish exhibit a unique spectral pattern that does not change during different life stages (i.e., is the same or at least unique when the fish are juveniles and mature adults).  These initial tests would also determine how far away the spectral analyzer could be from a fish and still be an effective tool.  We would also examine the effectiveness of the tool under a wide range of environmental conditions (e.g., turbidity).  All tests in this initial exploratory period would be carried out under laboratory conditions.  If effective, this tool should be able to provide information in near real time. Therefore, if it is proven practical, this tool would be interfaced in the future with a fish counting system that has yet to be defined.

NMFS is proposing to interface with tag manufacturers to explore alternative tagging technologies.  One manufacturer has discussed developing a miniature semi-active radio tag that has no external antenna and includes a PIT tag code.  Such a system would be designed so that its battery could be remotely turned on and off to conserve power and may also be activated by induction like a normal PIT tag.  A tag having these attributes could be interrogated by specialized radio receivers and by the existing network of PIT-tag interrogation systems.  The increased range of this tag could potential enable researchers to interrogate fish at spillways and other areas of interest that are not possible with the current PIT-tag and radio-tag technologies.

A second type of PIT tag that the fisheries community could use to address the research activities presented in the Biological Opinion is one that includes a built in micro chemical sensor.  Presently, some tag manufacturers are actively developing temperature sensors that can be used in conjunction with the PIT-tag.  This effort is primarily directed at the live stock industry; the temperature information is recorded on a dedicated portion of tag code and is transmitted at the time the tag is interrogated.  In light of this work, NMFS has discussed the possibility of replacing the temperature sensor with micro sensors for specific physiological parameters (e.g., pH, Na, etc.) for the purpose of monitoring stress in a fish.  NMFS proposes that exploratory work should be conducted to see if the chemistry of a fish’s peritoneal fluid changes under stress.  If changes are significant, then it may be feasible for biologists to obtain information on stress in real time without handling fish.  One example of an application would be determine if stress occurs as fish pass through various areas of a juvenile fish facility or during fish transportation.  

Another task that needs to be completed is investigating different encapsulated materials to improve tag retention in maturing fish.  A small-scale study will initially be performed to test the available encapsulated materials.  Older juvenile fish will be tagged and they will be periodically x-rayed during the maturation process to determine tag location.  Tags with promising encapsulated materials will then be used in a large-scale project to be performed at a hatchery.  Fish will be tagged and then released with their cohorts.  Then the fish that return to the hatchery would as in the initial study, a subsample would be periodically x-rayed during the maturation process to determine tag location.

This project intends to continue interfacing with different vendors to identify what tagging technologies are being worked on and to provide information on how they might be adapted for fisheries applications.  If appropriate, personnel would help evaluate any products.

6. Project administration

a. refine and develop annual project plan

b. Attend planning and budgetary meetings on the project.  Write and monitor subcontracts.  Monitor progress to ensure that milestones are met.  Write progress reports and annual reports.  Provide technical assistance to users of PIT-tag technology.

Proper project administration is necessary to ensure that this project stays on track with its work schedules.  Project administration involves planning and then monitoring the work and budget to make certain that the milestones are reached and the project stays within budget.  It involves attending planning and budgetary meetings on the project. It also involves writing and monitoring subcontracts, providing technical assistance to users of PIT-tag technology, and writing project plans, progress reports, and annual reports.

g. Facilities and equipment
For this project, NMFS will utilize its research stations at Manchester and Pasco and its electronic shop in Seattle.  The Manchester Research Station has a man-made stream for research purposes and the Pasco Research Station has a stream whose water level can be adjusted.  In addition, it has a raceway system that has been utilized in the past for testing antenna systems.
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Section 10 of 10. Key personnel

The resumes for key personnel are included in individual attachment files.  Below, the names, titles are given along with the file names that include their resumes.

Sandra L. Downing, Ph.D.

Research Fisheries Biologist 

National Marine Fisheries Service


Resume is in 1983319attachment-2.doc
Dr. Downing is the project coordinator for this project and so is responsible for its administrative tasks.  She also will participate on the technical teams for the programs to develop the high-flow interrogation system and to upgrade the transceiver system.  She will head the biological evaluation of the high-flow interrogation system.

Earl F. Prentice

Research Fisheries Biologist 

National Marine Fisheries Service


Resume is in 1983319attachment-3.doc
Mr. Prentice is biologist who leads the development of an in-stream interrogation system and the work to adapt the state-of-the-art technology to tagging fish.  He will also be responsible for the biological evaluation of the converted flat-plate system.

Bruce F. Jonasson

Electrical Engineer

National Marine Fisheries Service


Resume is in 1983319attachment-4.doc
Mr. Jonasson is the lead electrical engineer in the Electronic Shop.  He will be the technical lead in reviewing the design plans and implementation of the efforts by Digital Angel to upgrade their transceiver.  He will also participate on the technical team for the program to develop the high-flow interrogation system.  He will also be responsible for the electronic evaluation of the converted flat-plate system.

Sean P. Casey

Fisheries Project Manager/ Design Engineer

Digital Angel Corporation 


Resume is in 1983319attachment-5.doc
Mr. Casey is the project manager for both the upgraded transceiver and the high-flow interrogation system.

Jon H. Mueller
Hardware design testing /System software/hardware integration

Digital Angel Corporation (Destron-Fearing division or what?)


Resume is in 1983319attachment-6.doc
Mr. Mueller will be in charge of the software/hardware integration steps outlined in the upgraded transceiver work.

Yuri Smirnov

Senior RF Engineer
Digital Angel Corporation 

Resume is in 1983319attachment-7.doc
Mr. Smirnov is the senior electrical engineer on these projects for Digital Angel.

Daniel L. Johnson

Electronic Production Manager

Digital Angel Corporation 

Resume is in 1983319attachment-8.doc
Mr. Johnson is in charge of the production of the current transceivers manufactured by Digital Angel.  His main focus is to ensure that the transceiver designed can be produced consistently over time (e.g., to ensure that equivalent parts are available from multiple vendors).
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