A. Abstract and statement of innovation 
In this proposal we present a new natural resource management technology, The Natural Tag (TNT). TNT is an automated, digital image-based identification and morphometrics system. The Natural Tag technology requires no form of artificial or mutilation tag.  Using images for individual animal identification has been in use for more than 25 years, such as photos of whale flukes to identify individual whales.  TNT takes the widely accepted principles associated with image-based individual identification and automates the process using high speed computing power and tera-byte sized database design.  This proposal will demonstrate the broad applicability of using image-based analysis to individually identify various animals in various conditions and environments and among a large set of user groups with varying degrees of experience and training.    
This project is composed of six sub-projects each with a specific purpose in mind. Combined, they demonstrate the broad spectrum of biological applications this technology affords to policy makers, resource managers, biologists and the general public.

Summaries of each of the 6 sub-project abstracts for this proposal

The Libby High School sub-project is designed to demonstrate that interested volunteers with no more training than high school students can acquire field data sufficient for use in TNT-based population dynamics studies. It will also demonstrate that TNT transcends a variety of biological taxa by using amphibians (Rana pipiens), crustaceans (Cambarus sp.), insects (Graphosoma sp, and Taeniopteryx sp.), and reptiles (Trachemys sp) as study animals. It will also demonstrate TNT’s ability to perform automatic taxonomic ID on traditionally difficult subjects like insects. The sub-project will also demonstrate TNT’s ability to perform automatic morphometric data acquisition in both a laboratory and field environment.
The Kootenai National Wildlife Refuge sub-project will demonstrate that interested volunteer organizations like The Friends of the Kootenai Refuge can be trained to employ TNT procedures for field image acquisition.  In turn, this will afford entities like the KNWR a valuable resource for acquiring population information using groups of individuals focused on a specific area.

The Confederated Tribes of the Colville’s on-site Lahonton Cutthroat (Oncorhynchus clarkia henshawii) sub-project, and the Kootenai Tribe of Idaho’s burbot (Lota lota) rearing sub-project housed at the University of Idaho will demonstrate the usefulness of TNT for non-invasive study of endangered or threatened species.
The Nez Perce Tribe’s juvenile Chinook (O. tshawytscha) sub-project at Lapwai, ID, will demonstrate the effectiveness of TNT for tracking out-migrating smolt from hatchery to sea.

Finally, the combined Nez Perce Tribe, Oregon Department of Fish and Wildlife, and the Confederated Tribes of the Umatilla Indian Reservation Chinook (O. tshawytscha) Captive Brood Stock sub-project will demonstrate that TNT is viable “from cradle to grave” regardless of growth. Each sub-project is explained in detail below in Section “E”.
B. Technical and/or scientific background

Identification of individual whales using images of their flukes is relatively easy using the Human Visual System (HVS). However, this requires that a human do the image “processing” and pattern recognition. On one hand, humans have extraordinary image processing abilities and compared to computer-based image processing and pattern analysis systems, can deal with very poor-quality images. On the other hand, a human is severely limited in the number of images they can process per unit time, and have essentially no ability to extract statistically relevant information used in pattern recognition except “by hand”. In addition, the average person cannot store even a hundred, let alone a hundred thousand images, and compare one to the other in milliseconds. Now, after some 30-plus years of putting whale fluke pictures in whale fluke catalogues, HVS-based systems are being pushed to their practical limits. Extend this task to even a modest hatchery-based project of just 10,000 fish, and the problem becomes completely unmanageable.

It is not a stretch of the fundamental principles of biology to acknowledge that all animals, at some level of scale, possess a unique and naturally occurring pattern.  This is the same premise as assuming every human being has a unique fingerprint or retinal pattern.  After examining hundreds of species, and hundreds of individuals within each of the subject species we have reviewed, we are comfortable extending this basic assumption that has been acceptable for human identification (fingerprints) to other animal species.  The only difference is the source of the pattern.  For example, salmon will have a different source pattern for individual identification purposes versus frogs or turtles, etc. 
In the last few years computing speeds and capabilities have increased dramatically while prices for these capabilities have fallen.  Combine this with advances in consumer-grade and commercial digital camera technology and the market is finally to a point where it is ready for TNT to be applied on a wide scale.  TNT harnesses the power of over-the-counter technology and combines it with specialized expertise. The product is a cutting edge, non-invasive, near-real time biological management solution.  TNT can automatically find target patterns on animals, extract them, store them, and compare them for subsequent recaptures. For some species, Oncorhynchus mykiss for example, that process can be accomplished at the rate of more than 40 comparisons per second. Processing speed is of course dependent on many factors, not the least of which is species. The clarity of the pattern, like those found on giraffes, turtles, frogs, zebras or O. mykiss, and the ease of image acquisition, like with captive animals or ones in-hand, also greatly speed the over-all process. Because of TNT’s robust processing and pattern matching algorithms, even images taken under the most adverse conditions or by even marginally trained personnel can still provide information sufficient for automated identification, taxonomy and morphometrics.

TNT was developed in 1985 for use in identifying individual arctic grayling (Thymallus arcticus). Since then it has been used on a variety of fish species including O. mykiss, L. lota, O. kisutch, (a species in which we can identify the gender of out-migrating smolts from TNT-based images), and many more. The preliminary work on O. mykiss was completed with a National Science Foundation grant, (#0232514). (See figures 1-4 for an example of fish studied in the NFS grant and the extracted patterns)  
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Figures 1-4 – Just one example of the patterns extracted from the O. mykiss studied under the NSF grant.
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TNT is currently being used by NOAA fisheries for analyzing parr marks for stock differentiation between two populations of O. mykiss, one anadromous and one land-locked. (See figures 5 & 6 below).
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Figure 5
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Figure 6
C. Rationale and significance to the Council’s Fish and Wildlife Program

Every major scientific and management decision regarding species of concern, listed stocks, spill rates and mitigation measures require sound data. For some animals, such as fish, long-standing methods of quantifying their movements and habits are in place.  For other animal groups, such as reptiles, insects, and amphibians, and especially indicator species like frogs, reliable, cost-effective and consistent tagging and data collection techniques have been elusive.  Because it is digitally based and non-invasive TNT solves this problem for hard-to-tag species.  In addition, it is applicable to many species for individual identification, taxonomic and morphometric information gathering at reduced costs compared to conventional methods.  Combine this with the ability to collect automated GPS data at capture and recapture events and managers can create very powerful GIS overlay tools for further research and public dissemination.  TNT works across a broad range of species and its reduced cost allows managers to collect more data for less money and improve statistical rigor.  It is applicable as a base unit of information gathering and as a high-level database interrogation tool.  Given that it requires simple off-the-shelf digital cameras to acquire the animal “tags”, it can be used by professionals and volunteers alike.  This broadens the scope and opportunity for data collection across the entire Columbia system.

D. Relationships to other projects

While this TNT proposal is not directly linked to any specific ongoing project in the Columbia Basin, we have cited three ongoing projects as examples of its applicability and usefulness for purposes of demonstration only.  

The first example is the New Marking & Monitoring Tech program (#198331900) sponsored by NOAA.  In its justification NOAA stated its goal for the project was "to develop and evaluate fish tracking technologies needed to assess the effectiveness of management actions and strategies for recovery of ESA listed fish populations. Can be used by multiple agencies with parallel responsibilities." In its follow-up justification to the ISRP, NOAA specifically stated "we do believe it is important for the fisheries community to invest in the development of future RME tools that may yield better estimates of survival. For example, developing an effective automated fish identification and enumeration system could significantly improve the return estimates that the fish managers use in their efforts to restore threatened and endangered stocks." (Page 1 of August 23, 2002 Memo from Sandra Downing (NOAA) to ISRP). The use of TNT specifically addresses NOAA's goals by 1) allowing resource managers to tag more fish for less money, thereby increasing sample sizes and statistical rigor, 2) allowing these increased number of fish to be recaptured for identification and morphometric data collection repeatedly without harming the fish, and 3) allowing this tracking and data collection to be done by various agencies and at varying levels, including data gathering from recreational fishermen submitting digital photos of the fish they catch. This broad data collection ability will greatly enhance the overall database of knowledge for the region and for the recovery of the target species.

Our second TNT applicability example is the "Smolt Monitoring By Non-Feder" project (#198712700).  According to the Fish and Wildlife Program submission for FY06 budget consideration, “the SMP has been in place since 1984 and has provided a consistent and continuous data series regarding migration characteristics of anadromous fish through the Columbia and Snake rivers. The SMP data has provided the basis for real time spill and flow management decisions, long term mitigation decisions, and has been a key information foundation for the NOAA BIOPS and the NPCC Fish and Wildlife Program passage measures. The SMP is a key element of the transportation program.” Key elements of the SMP provides daily data regarding: the passage of anadromous fish; daily passage index data at each site by species, recapture events downstream for determination of travel time, survival and passage distribution; real time data on gas bubble trauma monitoring; incidental species catch data, lamprey data, daily catch by species, fin clips, marks and wild and hatchery catch; facility mortality, sample mortality, transportation and bypass numbers. The SMP program provides managers with real time information on all aspects of the juvenile migration including observations of descaling, injury, and disease. Use of TNT can allow for individual identification of each hatchery released fish so that managers can collect all the above mentioned data at a fraction of the cost of current individual tagging methods and without the need to kill fish as with coded wire tags. Individually identifying more fish (hatchery or wild) using digital image analysis will provide increased statistical rigor for resource managers.

The last TNT applicability example is the Burlington Bottoms Wildlife Mitigation Project (#199107800).  The Burlington Bottoms project is just one example of the many various wildlife mitigation and monitoring projects that are ongoing in the Columbia system. Biologists, resource managers and subbasin plans place emphasis on monitoring and evaluation of mitigation efforts on critical populations, including frogs (indicator species) (see figure 7 below), turtles and other non-fish species. TNT can assist resource managers and biologists with data gathering by allowing these hard-to-tag species (frogs, snakes, turtles, insects, etc) to be individually identified using TNT's digital imaging analysis and database tools. With added GPS features for each wildlife image capture event, TNT can help the Council create GIS overlays with specific location capture details, morphometric information and recapture information. TNT will also help managers reduce the practice of mutilation tagging as they monitor and evaluate their mitigation efforts for recovery of both fish and non-fish species. In turn, TNT eliminates some of the risks of future animal abuse and permit issues related to research activities that historically have depended solely on mutilation tagging.  This can be used as an example of the Council’s and BPA’s efforts to address animal mutilation issues.
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Figure 7
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E. Proposal objectives, work elements, methods, and monitoring and evaluation

(*Note - Given the very technical nature of the work to be done under this proposal and the detailed planning involved to secure the agreement of all the parties involved in this project we have specific and in-depth project management details, including specific timelines and Gantt charts, available for Council and ISRP staff review at their request.)

The project we are proposing in this submission consists of six sub-projects, each with a critical partner in the Columbia Basin region and designed to demonstrate TNT’s applicability across the various stakeholder groups and areas of interest to the BPA, the Council and the ISRP. We are also intent on demonstrating that TNT can be applied across the broad spectrum of animals from tiny insects to the largest whales. For clarification, each sub-project will be referenced by using a specific name. They are:

1) Libby High School (LHS),

2) Kootenai National Wildlife Refuge (KNWR),

3) Kootenai Tribe of Idaho/University of Idaho Burbot (KToI-UIB),

4) Colville Tribe Lahontan cutthroat trout (CT),

5) Nez Perce at Lapwai juvenile Chinook (NPLC), and

6) Nez Perce-Oregon Department of Fish and Wildlife–Umatilla Tribe Chinook Captive Brood Stock program(CBS) 

Sub-project Summaries
The LHS sub-project will demonstrate the following:

1) Data, including images, sufficient for automated identification of individual animals can be collected by people with no greater training than high school students.

2) Animals not normally available for tagging, such as aquatic insects, or those problematic for tagging, such as amphibians and crustaceans, are easily “tagged” using TNT technology.

3) TNT is applicable to amphibia (Rana pipiens), reptilia (turtles), crustacea (Cambarus sp.), insecta (shield bugs Graphosoma sp.), and aquatic insects (Plecoptera) for individual identification and population estimates.

4) Positive identification of crustaceans is accomplished across exoskeleton molts with TNT.

5) A technically powerful natural resource management tool can be introduced to, taught to, and used by, high school students, bringing natural resource management into the secondary education realm and getting involvement and understanding started at the local level.

The KNWR sub-project will demonstrate the following:

1) Volunteer, lay personnel, can be used to substantially increase field data collection useful for natural resource management. The Friends of the Kootenai National Wildlife Refuge will make field trips and collect images of turtles, frogs, crayfish, and birds captured in the wild in the Kootenai National Wildlife Refuge.

2) Images acquired by one group – the Friends of the Kootenai NWR – can be augmented by those taken by another group – LHS students – for use in studying a specific system – the Kootenai NWR and to demonstrate the value of catching a particular animal multiple times without the need for mutilation tagging or killing the animal to extract physical tags implanted in the animal.

3) A technically powerful natural resource management tool can be used by volunteer organizations that already have a personal interest in local natural resource management, thereby significantly increasing the available field labor force without a commensurate increase in financial support.

The KToI-UIB sub-project will demonstrate the following:

1) That TNT is particularly valuable in identifying individual Burbot, Lota lota – a species of concern within much of the Columbia Basin. Not only does TNT eliminate the need for external mutilation tags for use in population estimates, it can also automatically provide considerable morphometric information such as length, weight, and gender.

The CT sub-project will demonstrate the following:

1) The applicability of TNT technology to a listed species – Lahontan cutthroat trout, O. clarkii henshawii – not only for population monitoring, but also for automated collection of morphometric data including length, weight, gender, and potentially stock of origin.

The NPLC sub-project will demonstrate the following:

1) The use of TNT for quasi-real-time tracking of juvenile salmonids – specifically O. tchawytscha – as they out-migrate to the sea.

2) Not only can the individuals be tracked as they move downstream, but their growth can be automatically tracked and recorded at each subsequent capture event downstream.

3) Automated determination of gender at smoltification for O. tshawytscha, as we have  demonstrated in O. kisutch.

The CBS sub-project will demonstrate the following:

1) That the pattern of spots on O. tshawytscha does not change throughout their lives from smoltification through spawning, as has already been demonstrated on O. kisutch
2) Morphometric standards (baselines) and drift of that baseline can be tracked from “cradle to grave” on three separate Columbia Basin Chinook stocks.

3) Automated, image-based stock ID for three Columbia Basin Chinook stocks is possible.

Sub-project Details
The LHS sub-project will be the most diverse in both species and activities. Frogs (R. pipiens), and crayfish (Cambarus sp.), will be kept in vivaria in the classroom of Libby High School science teacher Gene Reckin throughout the 12 month duration of this project. After acquisition of the required materials, images of each frog and crayfish will be acquired by the students from his biology classes using standard Canon cameras. In addition to acquiring the images, physical measurements will be taken of each animal, and sent to Biopar along with the images. Of primary interest is demonstration that the students are capable of acquiring images of appropriate quality for use in image-based, automated identification and morphometry using off-the-shelf equipment. In addition, we will demonstrate that TNT can identify individual crustacea even after multiple molts.

The class will also travel to Shannon Lake (near Libby, MT) to perform a simple Peterson mark-recapture population estimate. In a first trip the students will capture wild crayfish, photograph them, PIT tag them (in the tail), and release them. In a subsequent trip they will do the same. With the initial images representing the initial “tagged” population and the second images representing the recaptures, the mark-recapture calculations can be accomplished. The PIT tags will verify the TNT-based identifications.
The class will travel to a local stream where they will conduct a typical stream survey for benthic insects. Mr. Reckin has been doing this field trip for many years, and has an established protocol for conducting a population estimate based on expansion of numbers of insects counted in several, randomly selected measured square meters, relative to the calculated area of the bottom. For the TNT demonstration, a simple Peterson mark-recapture experiment will again be conducted. At the first visit, the class will employ the traditional methods of acquiring the insect from a delineated square meter of benthos. However, in addition to simply counting and identifying to family, they will take pictures of each insect. In a second visit, the same square meter of benthos, as well as two additional square meters downstream will be sampled, and all insects will be photographed. While it will not be possible to PIT tag the insect larvae for TNT verification, we are quite confident (based on considerable experience), that visual examination of each image by a human, (HVS), will demonstrate unambiguously whether the images compared are from the same animal. A “teachable moment” is provided through comparing the Petersen estimate of abundance with the expansion-based estimate of abundance.

Many insects are identified to species only after removing them from the wild and examining them under a microscope. Using only an over-the-counter digital camera, TNT can automatically identify insects to species without removing the animals from the field. Furthermore, if there is a specific characteristic that is available from the image, such as the length of the trochanter or carapace or antennae, TNT can perform that measurement automatically and ID the insect to species in a case where a trained biologist would be required. Whether this capability can be applied to the insects available in this stream or to the terrestrial shield bugs to be captured in the field is yet to be determined. Nonetheless, the capability is available via TNT, and is demonstrable in this sub-project.

In the fall, the class will travel to the Kootenai National Wildlife refuge, as they have for several years. There, in a specified area, they will among other things, take pictures of turtles. Turtles in this specific area on the refuge will have been photographed and PIT-tagged earlier in the year by the Friends of the Kootenai Refuge (see KNWR sub-project detail below). Again, a simple Peterson mark-recapture experiment will be conducted, with PIT tags as verification.

After each image acquisition event, whether in the classroom or in the field, the images will be sent to Biopar for analysis.
The Kootenai National Wildlife Refuge sub-project will be using both an adult, volunteer interest group, and a high school student group for data acquisition. In the spring or summer of 2008 during the breeding season, The Friends of the Kootenai Wildlife Refuge will travel to the refuge, capture turtles, insert PIT tags, and take pictures of each PIT-tagged turtle. Those images will be sent to Biopar for analysis and to populate the project’s “turtle” database. Later in the summer, the Friends of the KNWR will make another trip to the refuge, repeating the processes of the first trip. The images from this trip will be analyzed by Biopar and compared to those of the first trip. Following the fall trip of the Libby High School students to the KNWR, the Friends of the KNWR will make a final trip, again taking pictures but doing no more PIT-tagging. Again the images will be sent to Biopar for analysis and to populate the database. Each trip after the first will represent a recapture event in the normal course of a Peterson mark-recapture with multiple recapture events.

The Kootenai Tribe of Idaho’s University of Idaho burbot sub-project will use the fish from the existing rearing project. Over the course of 2008, Biopar staff will make six trips to the Aquaculture Research Institute at the University of Idaho at Moscow.  At each trip images of the captive brood stock will be taken along with the PIT tag number of each fish. These pictures will be analyzed using TNT and the TNT-derived ID of each fish along with a variety of morphometric measurements including automatic gender ID.  This information will be used to populate the “burbot” database and used for subsequent visits and recapture comparisons during the remainder of this project.  All TNT IDs will be verified using the PIT tags.
The Confederated Tribes of the Colville sub-project will use a group of 600 Lohontan Cutthroat trout set aside in their own tank at the Tribe’s Bridgeport, WA hatchery. Over the course of 2008, Biopar staff will make four trips to the Colville Hatchery in Bridgport to collect images of the captive fish.  At each trip images of the fish will be taken along with the PIT tag number of each fish. These pictures will be analyzed using TNT and the TNT-derived ID of each fish along with a variety of morphometric measurements including length and estimated weight.  This information will be used to populate the “Lahontan Cutthroat” database and used for subsequent visits and recapture comparisons during the remainder of this project. All TNT IDs will be verified using the PIT tags.
Nez Perce at Lapwai juvenile Chinook sub-project will use a group of 500 Clearwater Chinook juveniles set aside in their own tank at the Nez Perce’s hatchery on the Clearwater River. Over the course of 2008, Biopar staff will make five trips to the Clearwater Hatchery near Lapwai, ID.  At each trip images of the fish will be taken along with the PIT tag number of each fish. These pictures will be analyzed using TNT and the TNT-derived ID of each fish along with a variety of morphometric measurements including length and estimated weight. This information will be used to populate the “Clearwater Chinook” database and used for subsequent visits and recapture comparisons during the remainder of this project.  These fish will also be examined to determine if gender can be detected at this early age, as we have already demonstrated in coho smolt using TNT. All TNT IDs will be verified using the PIT tags.
Nez Perce-Oregon Department of Fish and Wildlife– Confederated Tribes of the Umatilla Indian Reservation Chinook Captive Brood Stock program(CBS) sub-project is in fact already underway. In April of 2007, Biopar visited the ODFW hatchery in Enterprise, OR and took pictures of all of the fish from each of the stocks being prepared for transfer to the NOAA Manchester Research Facility in Manchester, WA, or the ODFW Bonneville Hatchery near Portland, OR. Those Chinook salmon will be reared to adulthood as part of the ongoing Captive Brood Stock program for the Catherine Creek, Lostine and Grande Ronde Rivers. The project we are proposing here will follow these fish as they mature to spawning, demonstrating the ability of TNT to deal with how a pattern changes with growth. Over the course of 2008, Biopar will visit both the Manchester facility and the Bonneville Hatchery and take pictures of these fish as part of the normal handling operations for the CBS program. These images will be analyzed by TNT and the results compared to the PIT tag numbers kept by the CBS project staff in their CBS database. In addition to identifying the individuals, these fish will also be examined for gender ID and other metrics associated with growth and sexual maturity. These data will become part of the TNT “CBS” database.  
Finally, all of the data from all of the sub-projects will be coalesced, and a comprehensive report written consolidating all of the data from all of the sub-projects. This report will be provided to all the interested parties, and to the ISRP and to BPA. In addition, Biopar will make one or more public presentations at Libby High School, the Kootenai NWR, the Aquaculture Research Institute at the University of Idaho, and at the Manchester Research Facility. The interested parties may use the data in the database as they wish, including publication in professional journals and for incorporation into existing databases in use in the Columbia region.

F. Facilities and equipment 

Facilities
In this proposal facilities used to house fish include: the NOAA Manchester Research Station (Manchester, WA), the Bonneville Hatchery Facility (near Portland, OR), the Colville Tribal Hatchery (Bridgeport, WA), the Nez Perce Tribal Hatchery (Lapwai, ID) and the Aquaculture Research Institute at the University of Idaho (Moscow, ID).  Images of the captive fish will be taken on-site at these facilities during each “tagging” event.
Additional facilities used during the course of the project will include Libby High School (classroom of Biology teacher Gene Reckin), the Kootenai National Wildlife Refuge (Bonners 
Ferry, ID) and the TNT processing lab and facility at Biopar’s offices in Anchorage, AK.

Equipment

Equipment
LBH  - 15 aquaria with dividers, lids, and filtering equipment

3 doz. crayfish


3 doz. leopard frogs


25 pair of hip boots


5o field note books


5 crayfish traps


8 Biopar Image Acquisition Systems – Including cameras


1 Biomark PIT tag kit

KNWR – 4 Biopar Image Acquisition Systems including cameras


1 Biomark PIT tag kit

KToI-UIB – 1 Biopar Image Acquisition System including cameras


I Biomark PIT Tag kit

CT – 1 Biopar Image Acquisition System including camera

         1 Biomark PIT tag kit

NPLC - 1 Biopar Image Acquisition System including camera


  1 Biomark PIT tag kit

CBS - 1 Biopar Image Acquisition System including camera


  1 Biomark PIT tag kit
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H. Key personnel

Paul A. Skvorc II
Director, Research & Development

SUMMARY:

Mr. Skvorc has 30 years of broad-based technical and scientific expertise in the biology, physics, electrical engineering and fisheries hydroacoustics disciplines. He has demonstrated ability to manage large, complex projects and programs. He is the inventor of The Natural Tag (TNT) and the Automatic Scale Image Analysis (ASIA) systems. Mr. Skvorc leads the research, development, and technical team for Biopar.

EXPERIENCE:

With funding from a National Science Foundation SBIR grant Mr. Skvorc developed an automated system capable of aging otoliths and scales.  When complete, this fully automates the entire scale and otolith analysis process: image analysis and pattern recognition, and the mechanical process of acquiring the digital images as well.

Mr. Skvorc conceived of, designed, and patented The Natural Tag (TNT).  With funding provided in part by a second NSF SBIR grant award and expanding on pattern recognition work on grayling (Thymallus arcticus) he developed while at UAF in the 1980s, Mr. Skvorc demonstrated the practical efficacy of The Natural Tag. 

As a Biometrician III for the Alaska Dept. of Fish & Game Commercial Fisheries Management and Development Division STS group, Mr. Skvorc developed the first mathematical method for determining the statistical precision of riverine fisheries sonar.  This required creating a completely new experimental design including data acquisition, sample design, data management and unique mathematical analysis. He designed, built and applied state-of-the-art technology to provide data for his statewide and international fisheries management responsibilities. Among those devices designed and built was a data telemetry system that eliminated the need for two complete sonar camps on each side of the 1200-meter-wide Yukon river sonar site.  He is uniquely able to appreciate the technological, biological, and resource management elements of any TNT or ASIA project.

Mr. Skvorc is an applied scientist.  He derives his satisfaction from seeing sound technological ideas transformed into real-world application.  He has an extraordinary academic and professional repertoire.  Most importantly, he is the "guy" people go to when "it has to work."

EMPLOYment history:

· Biopar, L.L.C. Director of Research and Development 2003 – present.

· DataFlow/Alaska, Inc., Chief Scientist, later Director, R&D, 2000 – 2003

· Acoustical Research Technology, Owner, 15 yrs.

· Alaska Dept. of Fish & Game, Commercial Fisheries Division, Biometrician III, 12 yrs.

· LGL Research Associates, Prudhoe Bay, Fisheries Field Biologist, 1 yr.

· Large Animal Research Station, UAF, Electronics Technician, 3 yrs.

U.S. Navy, Sonar Section Leader, USS Andrew Jackson, SSBN 619, 3 yrs.

EDUCATION:

· B.S., Zoology, with Honors, 1978, San Diego State University;

· M.S., Systematics and Ecology, 1980, University of Kansas, Lawrence;

Ph.D. - interdisciplinary: Physics, Electrical Engineering and Fisheries Hydroacoustics, 1985, University of Alaska Fairbanks. Mr. Skvorc started work at the Alaska Dept. of Fish & Game after advancing to candidacy but before defending his thesis entitiled: Use of Broadband Sonar for Species and Size Class Differentiation of Five Arctic Species of Fish.

PROFESSIONAL AFFILIATIONS:

· Institute of Electrical and Electronic Engineers, since 1982

a. Pattern Analysis and Machine Intelligence

b. Digital Signal Processing

c. Information Theory

· American Institute of Physics – Acoustical Society of America, since 1978

d. Acoustic Signal Processing

e. Bioacoustics

f. Acoustical Measurement and Instrumentation

· American Statistical Association

· Society of Industrial and Applied Mathematics
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Tibbetts Award: The U.S. Small Business Administration selected Paul Skvorc as the Alaska recipient of its 2002 Tibbetts Award. The Award distinguished significant technological accomplishments and business success achieved through funding from the Small Business Innovative Research program.

Justin B. Stiefel, Esq.

Director, Governmental Affairs

Biopar, LLC

Summary:

Mr. Stiefel has nearly a decade of experience dealing with government agencies at all levels, using his unique combination of engineering, legal and political training and experience, along with his interest in business, to seek solutions that work for clients and companies.  In addition to the three companies he has formed and operated as co-owner, he consults for a variety of client companies across a wide spectrum of issue areas. 

Experience:

In 2006 Justin joined six other partners in forming Biopar, LLC, the leading automated biological pattern recognition firm the country.  In January 2006 Stiefel also founded Stiefel & Jones Consulting, LLC, an advocacy and strategic development firm in Washington, DC.  The firm advocates on behalf of clients in the aviation, energy, telecommunications, fisheries, conservation and natural resources arenas in front of the U.S House and Senate and the Executive Agencies.  He also provides strategic advice and business development services to start up firms and high-tech companies.

From 1998 to 2005 Mr. Stiefel spent seven years working in the United States Senate.  He spent 5 years working for Alaska’s Senior Senator, Ted Stevens (R-Alaska), where he focused on federal taxation, energy policy, natural resources, infrastructure development and small business development issues.  Stiefel served as Deputy Press Secretary, Legislative Aide and Legislative Counsel to Senator Stevens.

Mr. Stiefel then went on to serve as Senator Lisa Murkowski’s (R-Alaska) first Chief of Staff and then Campaign Manager for her successful re-election effort in 2004.  He was one of the youngest Chiefs of Staff in the modern era of the United States Senate.

In 2005 Stiefel left government service to become Of Counsel and head of the Governmental and Legislative Affairs Practice Group in Washington, DC at the large international law firm of Dorsey & Whitney.  He was one of the youngest attorneys to hold the title Of Counsel in the firm’s 94 year history.  There he assisted clients in the energy, fisheries, telecommunications, aviation and natural resources areas.
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This series of shows photos taken of the same fish at regular intervals over the course 6 months, during the fastest rate of growth for this species.





Orange, white and yellow circles in the top figures are to illustrate some of the corresponding spot pattern locations in the pattern extracted using TNT.  These are for focal assistance only.  TNT uses the entire collection of spots in the pattern to perform its database interrogation and matching.





With this data TNT can be used to track this fish up and downstream without need for mutilation tagging or killing the fish to recover a physical tag.  And with this pattern key morphometric data may be extracted from the images.
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Figure 5 – This series shows (5a) the unmodified image, (5b) the same image with the parr mark pattern outlined by TNT, and (5c) the extracted pattern TNT uses to compare, match and provide morphometric information for recapture events.  





Figure 6 – This series shows (6a) the unmodified image, (6b) the same image  with the parr mark pattern outlined by TNT, and (6c) the extracted pattern TNT uses to compare, match and provide morphometric information for recapture events.  Notice the striking difference between patterns in figures (5c) and (6c).
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Figure 7 illustrates how TNT can “tag” frogs without risk of tag-induced mortality, infection or tag loss. 





(This photo was taken by a 10 year-old with a regular digital camera, and TNT applied to it thereafter)
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