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a. Abstract

It has become necessary to fin mark or coded wire tag (CWT) most or all hatchery salmon and steelhead in the Columbia Basin to allow identification of hatchery and wild fish.  Knowledge of fish origin is required to understand and eliminate negative effects of hatchery fish on ESA listed stocks, and to allow the possibility for selective fisheries on hatchery fish.  More than one hundred million fish must be marked, most in a narrow time frame.  Because of the logistical difficulty of marking so many fish by traditional hand methods, a machine has been developed to automate the process.  It has reached production status and during the year 2000 will mark about ten million fish.  Its mechanisms sort each fish by size, grasp them, and precisely excise adipose fins and/or implant CWTs.  This process is accomplished without human handling or anesthetic at a rate exceeding one fish per second.  Adding the feature of automatic inoculation to prevent disease is obvious and possible.  The first step to that ultimate goal is to develop a prototype stand-alone automatic inoculation device.  The use of injected vaccines on a large scale is impractical due to the intensive labor demands of hand injection, and lack of an effective vaccine for the most destructive disease, Bacterial Kidney Disease (BKD).  There are two new BKD vaccines being processed for licensing which show considerable promise.  The means to apply them broadly is lacking and would be resolved by this project.  This would also allow convenient immunization for other important but less critical diseases.  Also, the proposed device would provide an opportunity to inject compounds other than vaccines, to improve fish health.  This represents a major opportunity to increase the survivals of ESA stocks held in hatcheries or to produce catch and spawners more economically over the region.  This project is innovative because it will develop a previously unavailable disease control process.

b. Technical and/or scientific background

The States of Washington and Oregon have for a number of years publicly recognized the need to provide a visual mark for hatchery chinook and coho WFWC (1997 a, 1997 b) WFWC (1999) for the purposes of protecting wild stocks and providing selective fisheries on hatchery fish.  This practice has been ongoing in both these States and in Idaho with steelhead.  More recently, the National Marine Fisheries Service stated the need to mark all hatchery chinook as a means to determine and alleviate negative hatchery-wild interactions for Northwest stocks listed under the Endangered Species Act (ESA) (letter from W. Robinson to WDFW Director Koenings 2000).

A major problem impeding efforts to mark all or most chinook and coho in the Columbia Basin has been the massive numbers of fingerlings involved, more than 100 million, and a short window of availability for the most abundant group (fall chinook).  Excising the adipose fin was selected as the visual mark of choice.  However, even removing this single fin using the established hand methodologies appears logistically unfeasible. The Bonneville Power Administration (BPA) in 1995 concurred about the importance of this issue and funded a proposal by the Washington Department of Fish and Wildlife to develop technology to mass-mark these salmonids.  

Development of this mass-marking machinery has been continuous since the initial project, with funding by BPA, the U.S. Congress, Washington State, and the engineering firm Northwest Marine Technology.  The device achieved production capability early in 2000, and will fin mark and/or tag about ten million salmonids during this year using four units.  Each unit is an enclosed trailer containing a sorter capable of separating fish by length at a rate of two fish/second with an accuracy of 0.5 millimeters.  There are four “lines” in a trailer, each handling a different size range of fish.   Each “line” contains a volitional entry system, a grasper, and a video system to locate the adipose fin, a fin clipper, a CWT injector, and a sorter to reject untagged or unmarked fish.  All operations are computer controlled with user-friendly touch screens, conveniently allowing operations such as excision and measuring to be observed in real time. 

Addition of a mechanism to automatically inoculate fish while also tagging or excising fins is possible and is probably less technologically complex than what has been accomplished.  Enclosed with this proposal are cassettes to provide the reviewers with video illustration of the operation of the mass-marking machines.

A question of critical importance to this proposal is how significant is disease control for BKD or other diseases?  Our understanding is that hatchery spring chinook in particular; suffer severely from BKD (e.g. Williams, see web address).  An example involving ESA listed stocks is Sawtooth Hatchery where Pascho and Elliott (1989) reported 95% incidence of BKD in adults in 1988, and discussed implications of BKD spread among juveniles in the crowded conditions of barging.  Schiewe et al. (1997) pointed out that BKD seriously impacted captive rearing programs for both sockeye and chinook.  BKD is a widespread problem in the Columbia Basin both among ESA and unlisted stocks, including coho, and there is currently no effective long-term treatment.  Our proposal is to ultimately enable the existing mass-marking machinery to inoculate and prevent disease while accomplishing other required actions such as fin excision and/or tagging.  Because ESA listed stocks would presumably not be fin marked, this proposed development would be directed at specific ESA stocks either while tagging or for the sole purpose of disease prevention.  The transmission of BKD and other diseases between hatchery and wild stocks is not understood, but reducing or eliminating important diseases in hatchery fish can only benefit the wild fish they ultimately interact with, and increase hatchery survivals generally.

There are two vaccines under development by Canadian companies, one by Microtech in Victoria, B.C., the other by Aqua Health Ltd. in the Maritimes, and it is assumed that they will be licensed soon in the U.S.  Presuming these two, or subsequent vaccines are successful, it is critical to commence development of inoculation technology now in order to realize the benefits of the vaccines on a large scale.

While disease prevention by inoculation has been limited in the Columbia Basin for the reasons mentioned, the practice (for diseases other than BKD) is common in the commercial industry, which rears salmon in seapens.  There have been several attempts at building machines to automate inoculation, but they have not been successful.  In Norway, for example, the world’s largest producer of pen-reared Atlantic salmon, virtually all of the fingerlings are inoculated by hand (Aag, K., personal communication).  Thus there is no existing process to automate vaccination in the Columbia Basin.

There are reasons for predicting success with this proposal where others have failed.   The methods for inducing the fish to voluntarily swim into the machine (head forward and dorsal surface upward) and the rapid and very precise grading and grasping of the fish, are critical.  These attributes are operational in the existing mass-marking machine.  We propose to first build a stand-alone inoculation machine for design convenience, with the intention of eventually incorporating this into the mass-marking machine.  Presumably, where neither tagging nor fin marking is desired, fish could be vaccinated with the simpler device.

c. Rationale and significance to Regional Programs

Disease control can have a major effect on survival rates for salmon and steelhead stocks reared in hatcheries, and indirectly on wild stock survival and recovery by avoiding hatchery-wild disease transmission.  Increased survivals are the objectives of the many facets of the NWPPC Fish and Wildlife Program, the Biological Opinion, the All H Paper and essentially all of the Region’s efforts to recover wild stocks and sustain fisheries.  Interestingly, increasing survival rates by new methods of disease control are infrequently mentioned directly in Regional programs, presumably because there have been few suggestions about how this might be done.  The fact that this proposal is directed toward an important topic, which has been little discussed, underlines its innovative nature.  Affordable, large-scale inoculation through the innovative technology proposed by this project will increase the survival of salmon and steelhead.

d. Relationships to other projects 

This proposal relates to the work in the Basin to develop vaccines for disease control.  Successful vaccines need a technological tool for large-scale application, as offered by this proposal.

This project also relates to the Basin’s project to develop an automated Marking And Tagging System.  Success of that development provides opportunity to simultaneously inoculate the same millions of fish.

Finally, automatic inoculation (i.e., the reduction of fish mortalities from disease) relates to all programs in the Basin interested in increased survival of hatchery fish.

e. Proposal objectives, tasks and methods

Objectives
 

This project is intended to increase survival rates for salmon and steelhead, ESA listed or non-listed, reared in hatcheries.  The fundamental goal of this proposal is development of a prototype, stand-alone automatic inoculator for juvenile fish.  Testing the effectiveness of this unit versus hand inoculation, and incorporation of the technology into the existing mass marking machinery will follow, but are not part of this proposal.


Tasks and Methods
 

There are three tasks to this project:

1) Construct a basic platform for fish handling

2) Develop a technique for precise placement of an inoculation delivery device

3) Develop an injector mechanism for vaccines

Task 1 is relatively straightforward engineering and construction based on NMT’s expertise with the Marking And Tagging System.  NMT will build a small, stand-alone unit specifically intended to perform the single function of vaccination.  This unit (a modified version of a MATS line) will include volitional entry, gating and grasping.

Tasks 2 and 3 are much different from Task 1 in that they require new, innovative research and development to “invent” the system.  No successful system exists anywhere else in the world.  NMT has confidence it is possible (and practical) to develop a machine because the process of vaccination appears to be less complex than the process of automatically excising an adipose fin (which NMT has already accomplished).  This is based on observation that the target for vaccination is larger and less demanding for precision than it is for fin clipping; and that the target location (centerline, ventral for application to body cavity) is readily accessible.  Further, NMT believes that the control mechanism for the process of inoculation will be less complex that the system it takes to drive the mechanism to excise the fins.

Task 2 starts with a fish held immobile, with the target area exposed and available.  The issue is meshing a delivery system (some form of inoculator, needle or needle-less) with the target area so that the vaccine can be precisely applied into the body cavity without harm to the fish (both immediate harm and long term harm from improper handling or misplacement of the vaccine).  Options include moving the device to the fish, or moving the fish to the device.  Parameters such as angle of entry, depth of application, etc. must be addressed.

Task 3 requires developing a mechanism that will accurately apply the vaccine.  Needle and needle-less techniques will be explored.  Also at issue is conservation of the expensive vaccine, verification of successful application to the fish, spread of disease, etc.

NMT’s approach is to first explore existing technology from other industries that might be adaptable to this project.  Where it is not possible to find such assistance, NMT will develop new technology.

This development will require 2040 hours of technicians and 2015 hours of engineers.

f. Facilities and equipment

The design and construction of the prototype machine for automatically vaccinating fish will take place at the subcontractor’s (NMT) facility in Anacortes, Washington.  This facility was designed for such purposes and is used for the development and manufacturing of the automated Marking And Tagging System.  WDFW will supply fish at various hatchery facilities.  NMT is providing at its expense, all parts and equipment for this project.  NMT will use its established vendors for machining of prototype parts, all of which are experienced with this type of work.
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I.  Geraldine E. Vander Haegen






Fish & Wildlife Biologist 4 3 

Washington Department of Fish and Wildlife

600 Capitol Way North, Olympia, WA, 98510-1091

TEL: 360-902-2793          FAX: 360-902-2943       Email: vandegev@dfw.wa.gov

Education 

M.Sc., Renewable Resources/Fisheries, McGill University, Montreal, QC, 1991

B.Sc., Biology, McGill University, Montreal, QC, 1989
Professional experience

Position/Title
Organization
City 
State
Dates

Fish & Wildlife Bio 4
WDFW
Olympia
WA
2/00-present

Fish & Wildlife Bio 3
WDFW
Olympia
WA
9/98-2/00

Fish & Wildlife Bio 2
WDFW
Olympia
WA
11/94-9/98

Conservation Aide
Maine Atlantic Sea Run Salmon Commission
Bangor
ME
6/93-9/94

Biologist 2
Fisheries & Oceans Canada
Ottawa
ON
11/91-3/93

Publications 

Vander Haegen, G.E., J.T. Tipping, S. Hammer. 1998. Consumption of juvenile salmonids by adult steelhead in the Cowlitz River, Washington. California Fish and Game. 84/1 (1998), 

Vander Haegen, G.E. & D. Doty. 1995. Homing of coho and fall chinook salmon in Washington. WDFW Technical Report #H95-04.

Cornel, G.E. (now Vander Haegen, G.E.) & F.G. Whoriskey. 1994. The effects of rainbow trout (Oncorhynchus mykiss) cage culture on the water quality, zooplankton, benthos and sediments of Lac du Passage, Quebec. Aquaculture 109(2):101-118.

Ms. Vander Haegen will be the project manager, and devote two person months to this task.  Her principle responsibility is program oversight of the subcontract to Northwest Marine Technology, biological input to issues involving automatic handling of live fish; and assisting with live fish supplied by WDFW.

II. Kevin H. Amos

Fish Health Division Manager

Washington Department of Fish and Wildlife

Olympia, WA. 98501-1091

Phone: (360) 902-2656    Fax: (360) 902-2943

E-Mail: amoskha@dfw.wa.gov
Education

M.S. Fisheries Resources; College of forestry, Wildlife, and Range Management, University of Idaho; Moscow, Idaho. 1977.

B.S. Zoology; College of Letters and Science, University of Idaho; Moscow, Idaho 1973.

Professional Experience

Fish Health Division Manager, 


     1994-Present

Hatcheries Program, Washington Department of Fish and Wildlife

Upon Merger of the Department of Fisheries with the Department of Wildlife, became supervisor of the new Fish Health division.  The division provides health monitoring, diagnostic services, and directs the technical aspects of fish culture for the agency’s hatcheries.  Facilities rear trout, salmon, and warm water species.  Provides oversight to the agency’s laboratory, which provides complete diagnostic services for bacterial, parasitic and viral pathogens.  The division is also responsible for investigating the cause of fish kills in wild fish populations.

I am responsible for writing, implementing, and administering all fish health policies and regulations for the agency and cooperatively with the treaty Indian tribes of the state.  I administer the health regulations and polices for private aquaculture in the state.  

Responsible for the agency’s purchase and lawful use of fishery drugs and chemicals and direct the acquisition and use of fish feed at our agency hatcheries.

Salmon Culture Assistant Chief





January 1986 to June 1994


Quality Control

Washington Department of Fish and Wildlife

Supervised the fish health services for the state’s salmon hatcheries and provided oversight to the agency diagnostic laboratory.

Fish Pathologist/Virologist 3






February 1980 to January 1986

Salmon Culture Division

Washington Department of Fisheries

Planned and conducted a broad range of research with emphasis on the diagnosis, treatment, and prevention of viral diseases.  I was directly responsible for the establishment and operation of the virology laboratory.  Provided health monitoring and diagnostic services for agency hatcheries.

Fish Pathologist 2










June 1976 to February 1980

Fish Management Division

Washington Department of Game

Diagnosed and prescribed treatment for diseases of hatchery fish and participated in fish pathology studies.

Additional Training

Successful Legislative Testimony, 1988.

Mid-level Management core Program, 1986.

Entry Level Management core Training, 1981.

Management by Objective, 1981.

2 semesters accounting, 1 semester marketing, South Puget Sound College, 1982.

Committees and Task Teams

Joint Subcommittee on Aquaculture (JSA), Quality Assurance Work Group.  The JSA is established under the Office of Science and Technology Policy, Executive Office of the President.  I currently sit on this committee and represent the western states and the IAFWA.

International Association of Fish and Wildlife Agencies (IAFWA), Drug Approval Oversight Subcommittee. 1997.  I served as chair for this committee, which provided direction to the drug research partnership between the IAFWA and the Department of the Interior, US Geological Survey.  

Member of organizing committee which produced the symposium “Pathogens and disease of fish in aquatic ecosystems: implications in fish management”. Portland, Oregon.  1997.

Co-Managers of Washington Salmonid Disease Control Policy.  I represented the agency, in cooperation with representatives from the treaty Indian tribes, in development of this policy.

Pacific Northwest Fish Health Protection Committee.  Technical representative for the Washington Department of Fish and Wildlife.  Charter president, 1983.  Currently, chair of the Subcommittee on Therapeutants.  

Western Regional INAD Project, Board of Directors, 1994-1998.  Cooperative project with the Columbia Basin Fish and Wildlife Authority to access drugs for private, public, and tribal fish culture operations in the western United States.

Joint Subcommittee on Aquaculture, National Aquatic Animal Health Strategy Work Group.  I represented state conservation agencies on this work group which worked on developing a national health plan and policy.  Representation on the committee included US Department of Agriculture, US Fish and Wildlife Service, and private industry.

Washington State-British Columbia Import/Export Policy Work Group.  I was a member of an inter-agency work group dealing with trade issues on fish products.  1989-1996

Special Projects

Technical adviser to the National Marine Fisheries Service, International Trade Division, on issue of export of fisheries products harvested in the United States to Australia and New Zealand.  1996 to current.

Technical advisor to the United States Food and Drug Administration, Center for Veterinary Medicine on approval for drugs for aquaculture. 1997 to current

Development, in cooperation with division staff, of a fish health operations manual and training course for agency personnel.  1997 to current.  Classes taught in 1997- Spokane, Olympia, Wenatchee, Vancouver, and Mt. Vernon.

Editor, Procedures for the Detection and Identification of Certain Fish Pathogens, American Fisheries Society, Fish Health Section, standard methods manual, 1985.

Publications and Presentations

Amos, K., J. Thomas, and K. Hopper.  1998.  A case history of adaptive management strategies for viral hemorrhagic septicemia virus (VHSV) in Washington State.  Journal of Aquatic Animal Health 10:152-159

Amos, K.  1997.  A risk assessment of import/export regulations and policies for the international trade of fisheries products.  Biennial meeting of the European Association of Fish Pathologists.  Edinburgh, Scotland.

Amos, K.  1997.  Epidemiology of viral hemorrhagic septicemia virus in Washington State.  In “Pathogens and diseases of fish in aquatic ecosystems: implications in fish management”.  Portland, Oregon.

Amos, K.  1997.  The national aquatic animal health strategy.  World Aquaculture Society Meeting. Seattle, Washington.

Amos, K.  1996.  Fish health policy in Washington – development and implementation.  New England Cultured Fish Workshop.  Eastport, Maine.

Amos, K.  1995.  Fish health import regulations – a conservation agency’s perspective.  World Aquaculture Society Meeting.  San Diego, California.

Amos, K.  1994.  Quality is job #1 – a preview of the 21st century hatchery production models.  Meeting of Western Association of Fish and Wildlife Agencies.  Anchorage, Alaska.

Amos, K.  1993.  Crisis at our hatcheries – a national plan to develop approval for fish therapeutants.  Annual meeting of the International Association of Fish and wildlife Agencies.  Toledo, Ohio.

Amos, K. and J. Winton.  1993.  Isolation, identification, and pathogenicity of viral hemorrhagic septicemia virus from Washington State salmon hatcheries.  Biennial meeting of the European Association of Fish Pathologists. Budapest, Hungary.

Amos, K., K. Hopper, and L. Levander.  1989.  Absence of infectious hematopoietic necrosis virus in adult sockey salmon.  Journal of Aquatic Animal Health 1:281-283

Amos, K.  1985.  Procedures for the detection and identification of certain fish pathogens.  Fish Health Section, American Fisheries Society.  Corvallis, Oregon.

Amos, K.  1982.  Green eggs and H.A.M. (Hatchery Anti-virus Management).  Proceedings of the thirty-third Northwest Fish culture conference.  Portland, Oregon.

Amos, K.  1978.  Laboratory and field challenges of steelhead trout vaccinated against enteric redmouth disease.  Proceedings of the twenty-ninth Northwest Fish Culture Conference.  Vancouver, Washington

Michak. P., R. Rogers, and K. Amos.  1986-1991.  Annual reports.  Augmented Fish Health Monitoring.  Bonneville Power Authority, Portland, Oregon.

LeVander, L., D. Wood, and K. Amos.  1985.  McAllister Creek hatchery and water quality evaluation.  Washington Department of Fisheries Technical Report No. 88.  Olympia, Washington.

III.  SUBCONTRACTOR

Northwest Marine Technology, Inc. (NMT) was founded in 1971 by Dr. Keith Jefferts, President.  NMT specializes in developing and manufacturing sophisticated mechanical and electronic tools and equipment for fisheries research and management.  NMT has patented several versions of internal tags used for the identification of fish (“internal” tags are planted within the fish, as opposed to other manufacturers’ techniques of attaching tags to the external surface of fish).

The company has its corporate office on Shaw Island, WA, with satellite offices in Anacortes and Olympia, WA. Its European office is in Great Britain; and its representative for Asia (Tanaka Sanjiro Company) is in Ogori-city, Japan.  NMT's employment is approximately thirty, with the majority working at the Shaw Island office.

The “micro tag”, the company's first product, revolutionized the marking of fish. This tag is based on the work first published by Drs. Jefferts and Bergman in 1963.  The tag is 0.25 mm in diameter and 1.1 mm long, with the capability to utilize a million unique codes. These tiny tags are found in the fish with specially designed equipment from NMT that will detect the tag’s magnetism.  The tag must then be extracted from the fish to have its code read under a microscope.  More that 65 million of these magnetic micro tags are applied to fish each year throughout the world.  The tag’s coding system is decimal numerals applied by laser (with each character being only 0.16 mm tall).

Several recent designs for other tags also employ the concept of imbedding the tag internally into fish, yet these new tags differ in that they can be read externally by the naked eye.

NMT has developed a “memory” tag that will record the external temperature, internal temperature, pressure and light intensity of a free-swimming fish for seven years battery life).  The tag is only 100 mm long and 16 mm in diameter.  It is implanted internally into the fish and will tell researchers such behavior as depth of dives, geographic location, migratory patterns, water temperature preferences, time of feeding, etc.

Most recently, NMT has revolutionized the handling of live fish by developing a machine that is intended to automatically tag/mark 40,000 immature salmon during a single 8-hour work shift. The fish processed by this Marking And Tagging System (MATS) are never touched by human hands, are not anesthetized, have their adipose fin mechanically removed, and a have a micro tag automatically injected into their snout. Only two human operators are required for the machine, which is a complex assembly of high-tech computer, vision, and robotic engineering.  Grants to assist in the development of this innovative system were provided by BPA, USFWS, WDFW, and Congress.

NMT manufactures its products under strict specifications and quality control, and takes pride in its high level of service and support.  NMT is privately owned, has gross annual receipts exceeding $5 million, owns numerous patents, and half of its payroll is devoted to innovative research.

Northwest Marine Technology will provide all of the engineering and equipment to develop the prototype vaccination machine.
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