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PART 2 of 2. Narrative

Title:
Support for the Development and Certification (FDA approval) of Effective Drugs and Anesthesia for Fish

Section 3. Project description

Provide project detail for headings a through g. 

a. Abstract

Fisheries management, not only in the Pacific Northwest, but throughout the United States is desperately in need of additional drugs and therapeutants to meet management objectives.  Restoration/recovery, mitigation, subsistence, recreational, and commercial fisheries programs are all dependent to some extent on drugs and therapeutants to maintain fish health, product quality, and fulfill management strategies.  Currently, the arsenal of approved drugs and therapeutants available to fisheries managers is woefully inadequate to meet program needs, as only four therapeutants and a single anesthetic are approved for aquaculture use in the United States.  This situation is further exacerbated by the fact that use of these compounds is severely restricted by species, life stage, and disease organism.  As a result of the limited number of FDA-approved compounds available for use on aquatic species, fisheries managers are forced to 1) use drugs that provide less than needed efficacy; 2) use drugs that have label restrictions that severely reduce overall drug utility; 3) use approved drugs outside of label restrictions; or 4) at times use compounds that do not have FDA approval, and are hence illegal. This project will focus on the generation of data needed to support the FDA-approval of Aqui-S, an anesthetic with a proposed zero withdrawal time (i.e. fish can be released immediately following treatment), and florfenicol, a potent, broad spectrum antibacterial agent.  The development of an effective oral antibiotic for use to control mortality caused by a variety of bacterial pathogens in cultured stocks, and the development of an anesthetic with a zero withdrawal period for use in wild stocks and cultured stocks are both high priority aquaculture drug/therapeutant needs.  The lack of an effective broad spectrum oral antibiotic and the lack of a zero withdrawal anesthetic are both currently negatively impacting the ability of aquacutlure programs to meet management objectives throughtout the Pacific Northewest.

b. Justification as high priority

The lack of an effective oral antibacterial drug for use in aqualculture places all salmonid species in the Pacific Northwest that have a fish culture/artificial propagation component in their management plan at risk.  Although currently approved oral antibiotics have proven to be of some benefit, effective control of mortality has been limited in many situations.  Furthermore, and not unexpectedly, it appears that pathogen resistance may be developing to these compounds, which will only function to decrease effectiveness with continued use.  Without an effective, approved zero withdrawal anesthetic, the capture, handling, and evaluation of all returning adult salmonids in the Pacific Northwest will be extremely difficult if not impossible.  It will not only result in extreme risk to these stocks as a result of undo stress, but will make the establishment and evaluation of management plans virtually impossible.  Furthermore, it is unlikely that the current illegal use of effective but unapproved anesthetics will be allowed to continue much longer.

The generation of data to support new animal drug approvals for both florfenicol and Aqui-S is time-limited in that pharmaceutical sponsors for both of these compounds are currently “on board” and prepared to pursue approval.  The decision for pharmaceutical sponsors to pursue aquaculture drug approvals is laden with risk, and based on the acknowledged “small market, small potential return on investment”, a decision that is not made without serious consideration.  The fact that both of these sponsors are ready to proceed is extremely critical to the potential success of this project.  If this opportunity is allowed to pass, it may not “re-surface” for some time, if ever. 

The direct benefits of this project to anadromous fish stocks are broadly recognized by federal, state, and tribal fisheries project managers throughout the Pacific Northwest.  The need for oral antibacterial agents is exemplified by current participation in the USFWS’s National Investigational New Animal Drug Program (NIP), whereby non-USFWS facilities are allowed to participate on USFWS INADs.  In calendar year 2000, 72 facilities located in the Pacific Northwest participated on an INAD for the use of oxytetracycline as a feed additive to control mortality caused by bacterial pathogens.  This level of participation is even more significant given the fact that it is generally recognized that the effectiveness of oxytetracycline treatment is often limited, particularly with respect to preliminary data on the efficacy of florfenicol.  With respect to the recognized need for a zero withdrawal anesthetic (e.g. Aqui-S), federal, state, and Tribal managers from the Pacific Northwest have been ringing the phone at the USFWS’s National INAD Office “off-the-hook” since January 2000.  Hence, the need for a zero withdrawal anesthetic would appear to be both immediate and essential to basin-wide fisheries management.

Although not necessarily essential, INAD exemptions for Aqui-S and florfenicol would likely facilitate completion of this project.  INAD exemptions are granted by the FDA and allow for the use unapproved use of drugs and therapeutants.  The USFWS has already been granted an INAD exemption for Aqui-S by the FDA.  Schering Plough Animal Health, the pharmaceutical sponsor for florfenicol, has been granted an INAD exemption for florfenicol.  Hence, all planning, permitting, and agreements are in place so that work can begin no later than September 30, 2001.  It is anticipated that work on this project will begin as soon as funding becomes available.

c. Rationale and relationship to criteria for high priority projects adopted in the 2000 Fish and Wildlife Program

This project has measurable, quantitative, and biological objectives (i.e. efficacy and target animal safety data) that will result in clear benefits (i.e. new drug approvals) to all wildstock fish populations in the Pacific Northwest.  This project is also part of a large collaborative effort with other federal and state agencies to pursue new animal drug approvals for aquaculture.  This project will work hand-in-hand with not only pharmaceutical sponsors, but also with the International Association of Fish and Wildlife Agencies Drug Approval Project (IAFWA Project).  The IAFWA project is a joint effort by the IAFWA, USGS-Upper Midwest Environmental Science Center, 37 state fish and game agencies, and USFWS.  The IAFWA project is based on an Memorandum of Understanding signed by participating agencies, and over the last 6 years had contributed ~$1.5 million per year to drug approval efforts.  A similar yearly contribution is expected through 2002.  In addition, this project will work closely with the 153 state, Tribal, private, and university aquaculture facilities that are currently participating in the USFWS’s National INAD Program. The generation of data to support new animal drug approvals for both florfenicol and Aqui-S have been identified as “high priority” objectives by IAFWA Project.

d. Relationships to other projects 
As described immediately above, this project of part of a large, nation-wide collaborative effort to gain desperately needed new animal drug approvals for aquatic species.  In addition to the collaborative partners identified above, the FDA is also an integral partner to the success of this endeavor.  The FDA has stated on numerous occasions that aquaculture to date should be proud of the accomplishments that have been made with respect to new aquaculture drugs, and that the FDA remains committed to the success of the effort.  FDA commitment to the project is exemplified by the fact that just recently they have elevated the status of what in the past was termed “the aquaculture group”, to that of “Aquaculture Drug Evaluation Team”.  This action, for the first time, provides aquaculture drug approval efforts official status as a bona fide component of the FDA mission.

The requirements for new animal drug approval are considerable.  In general, there are six major components to a new animal drug application that include 1) chemical manufacturing practices; 2) efficacy data; 3) target animal safety data; 4) human food safety data; 5) environmental fate data; and 6) product labeling.  In the case of human drugs and major species veterinary drugs, all components of new animal drug submissions are generally provided by the pharmaceutical sponsor.  In the case of aquaculture drugs, which are considered “minor use-minor species” drugs, economic concerns (i.e. anticipated return on investment) make such a course of action virtually impossible.  For this reason, it has become imperative that collaborative efforts such as the IAFWA Project provide assistance to aquaculture drug sponsors.  Based on identified sponsor needs for assistance, the goal of this project is to provide efficacy and target animal safety data with respect to the use of both Aqui-S and florfenicol in salmonid species.  The USFWS’s National INAD Office (NIO) in Bozeman, MT is in a unique position to provide such assistance based on its well established infrastructure with both USFWS and non-USFWS aquaculture facilities (i.e. NIP facilities) located throughout the United States.  Furthermore, based on previous work with chloramine-T and oxytetracycline, the NIO has a demonstrated ability to complete FDA-acceptable efficacy and target animal safety studies.

e. Proposal objectives, tasks and methods
Objectives 

The overall objective of this project will be to generate pivotal efficacy and target animal safety data to support new animal drug approvals for the use of Aqui-S and florfenicol in salmonids.  The anticipated label claim for Aqui-S will be for use as a zero withdrawal anesthetic in all salmonid species.  The anticipated label claim for florfenicol will be for the control of mortality caused by bacterial coldwater disease, columnaris, and furunculosis in all salmonids.  Data from studies will be summarized in individual study reports and submitted to FDA for inclusion in a Public Master File for each drug.  

Specific study objectives are:

1. Collect pivotal efficacy data on the use of Aqui-S as an anesthetic in salmonids

2. Collect target animal safety data on the use of Aqui-S in salmonids

3. Collect pivotal efficacy data on the use of florfenicol to control mortality caused by bacterial coldwater disease, columnaris, and furunculosis in salmonids

4. Collect target animal safety data on the use of florfenicol in salmonids


Tasks and Methods 

Objective 1 (Aqui-S efficacy studies)

Studies will be conducted on a variety of salmonid species at a number of USFWS and non-USFWS facilities.  Studies will typically include the evaluation of 2 or more treatment regimes (e.g. multiple treatment dosage, multiple treatment duration).  Studies will not typically include a negative control group.  All fish for a particular study will be from the same lot.  Study fish will either be from a single rearing unit, or from multiple rearing units managed under the same environmental and culture conditions.  Treated groups will be immersed (static bath) in Aqui-S at dosages ranging from 5-34 mg/L.  Treatment duration will range from 1-10 minutes.  Control fish will receive no treatment.  All treatments will be conducted in triplicate.

Fish used in studies will include fry, fingerlings, juveniles, and adults.  Test fish will be reared under standard hatchery conditions as described by Piper et al., 1981.  A description of pre-study rearing parameters will be included in the final report detailing egg source, management practices, environmental conditions, and water quality parameters.  The number of test fish used in each study will be dependent upon treatment tank volume, fish size, and anticipated hatchery use pattern.  Entrance criteria for inclusion of specific fish lots in these studies will include: 1) fish are known to be free of any disease pathogens that might mitigate efficacy; and 2) sufficient test fish are available to conduct studies in triplicate under production-like conditions.

The experimental design used will be completely randomized.  Test fish will be randomly placed in treatment tanks in such a manner as to minimize bias.  It is anticipated that no blocking factor(s) will be used as all fish will be exposed to identical treatment conditions.  However, if this is not the case, a randomized block design will be used.  All studies will be blinded so that only the study director (or a single appointee of the study director) has prior knowledge regarding experimental unit treatment condition.  All other study participants will remain blinded to preclude potential bias in data collection.

The primary treatment response parameters in this study will be a reflection of the physiological condition of fish following treatment with Aqui-S.  The primary physiological conditions evaluated will include when a fish is considered to be: 1) handleable; 2) anesthetized; or 3) recovered.  In most cases, studies will involve all three parameters.  A fish will be considered handleable when it begins to lose equilibrium, and when it has lost reactivity to most external stimuli with the exception of strong pressure.  This condition generally occurs after a fish stops avoiding obstacles in its path, and before it completely loses equilibrium.  As a general rule, a fish will be considered handleable when it can be held underwater for several seconds without great difficulty.  This is similar to Stage 2 anesthesia as described by Summerfelt and Smith, 1990.  A fish will be considered anesthetized when it loses all reflex activity.  This condition generally occurs after a fish has completely lost equilibrium.  As a general rule, a fish will be considered anesthetized when it can be easily held out of water, and when lifting the operculum and touching the gill lamellae does not elicit a reflexive Acough@ within 5 seconds.  This is similar to Stage 5 anesthesia as described by Summerfelt and Smith, 1990.  A fish will be considered recovered from anesthesia when it exhibits normal swimming behavior, including avoidance of obstacles.  For this study, the fish must recover in less than 15 minutes of exposure to fresh water to be considered Arecovered@.  

Secondary response variables will include observations of general fish behavior/condition following treatment.

Appropriate statistical tests for Aqui-S efficacy studies have as yet to be determined.  Statistical analysis will be completed following consultation with FDA to determine appropriate analysis. 

Final study reports will be prepared for each experiment, and a summary report will be prepared summarizing results from all experiments.

Objective 2 (Aqui-S target animal safety studies)

Target animal safety studies will be conducted at the Bozeman NIO’s Drug Research Laboratory on healthy fry, fingerling, and juvenile rainbow trout.  Test animals will be exposed to static bath immersion treatment with Aqui-S at concentrations sufficient to identify a margin of safety beyond the maximum proposed efficacious treatment regimen.  Currently, the proposed treatment regimen is 5-34 mg/L Aqui-S for up to 10 minutes.  A series of experiments will be conducted in which test fish will be exposed to 1x, 3x, and 5x the maximum proposed therapeutic concentration for 3x the duration.  Treatment concentrations/duration used in successive experiments may be adjusted depending upon observed toxic effects of Aqui-S to test fish.  

Each experiment will consist of healthy test animals transferred to treatment tanks in a manner to minimize bias and in numbers sufficient to deal with incidental mortality.  Experiments will be comprised of a treatment period (maximum of 30 minutes), followed by a 14 d post-treatment observation period.  Experiments will consist of 12 or 18 tanks.  In experiments in which 12 test tanks are used, three treatment concentrations as well as a negative control will be assigned to test tanks using a completely randomized study design.  In experiments in which 18 test tanks are used, five treatment concentrations as well as a negative control will be assigned to test tanks using a randomized block design.

The primary response variable for most experiments will be mortality (i.e., acute toxicty experiments).  Mortality will be collected daily by study participants blinded to treatment condition.  Water temperature and dissolved oxygen concentrations will be measured daily.  Other pertinent water chemistry parameters will be measured during the course of the experiment.  Environmental conditions during each experiment will be near-optimal so that all toxic/adverse reactions observed may be attributed to the test article. Water samples will be collected periodically during the treatment period for dose verification.  These samples will be sent to Aqui-S Ltd. or a certified analytical laboratory for analysis of drug concentration.

Prior to the initiation of target animal safety studies, a study protocol will be prepared according to FDA guidelines detailing the test article, test animal, study schedule and procedure, specification of variables, data analysis and analytical procedures.  Experiments will be compliant with Good Laboratory Practices standards and subject to inspection by a Quality Assurance Officer.  Standard operating procedures will be prepared and followed for each analytical procedure and task associated with data collection.

The experimental design will test the hypothesis Ho :  u1 = u2 = u3 = u4; Mortality within specific life stages of rainbow trout is equal when exposed to various concentrations of Aqui-S administered as a bath treatment for 30 minutes.   The alternative hypothesis tested will be Ha :  u1 = u2 (  u3 ( u4;  Mortality within specific life stages of rainbow trout will be different when exposed to various concentrations of  Aqui-S administered as a bath treatment for 30 minutes.  Dependant upon mortality, data will be analyzed using a two-sample t-test or an analysis of variance and multiple pairwise comparison test.

Upon completion of acute toxicity experiments to adequately identify a margin of safety beyond the maximum proposed efficacious treatment concentration, a single experiment will be conducted to evaluate histopathological effects of Aqui-S.  Test fish will be exposed to various concentrations of Aqui-S to demonstrate the margin of safety at the histological level beyond the maximum proposed treatment regimen.  Tissue samples (e.g., gill, kidney, liver, and others as advised by FDA) will be collected immediately following treatment, and at 7 and 14 d after treatment day.  Samples will be prepared using standard histological techniques and stained with H and E stain.  A histopathologist blinded to treatment condition will evaluate whether pathologies or histological changes occurred as a result of Aqui-S treatments.

Final study reports will be prepared for each experiment, and a summary report will be prepared summarizing results from all experiments.  

Objective 3 (florfenicol efficacy studies)

Studies will be conducted on a variety of salmonid species at a number of USFWS and non-USFWS facilities.  Studies will typically consist of a single treated group and a single non-treated group.  However, if study conditions allow, 2 or more treatment regimes (e.g. multiple dosages) may be evaluated.  All fish for a particular study will be from the same lot.  Study fish will either be from a single rearing unit, or from multiple rearing units managed under the same environmental and culture conditions.  Treated groups will receive florfenicol-treated feed at a dosage of 10-20 mg active drug per kg fish per day for 10 days.  Control fish will receive non-medicated feed at the same feed rate as treated fish.  All treatments will be conducted in triplicate.

Fish used in studies will typically be characterized as Aearly life stages@ (less than 6 months old and  1.75-6.0 inches in length).  Test fish will be reared under standard hatchery conditions as described by Piper et al., 1981.  A description of pre-study rearing parameters will be included in the final report detailing egg source, management practices, environmental conditions, and water quality parameters.  The number of test fish used in each study will be predicated on achieving a flow index and density index that approximates the normal production conditions under which the disease condition initially occurred.  Entrance criteria for inclusion of specific fish lots in these studies will include: 1) study fish are diagnosed with a specific pathogen; 2) fish are known to be free of secondary disease pathogens that might mitigate florfenicol efficacy; and 3) sufficient test units and fish are available to conduct studies in triplicate under production-like conditions.

The experimental design used will be completely randomized.  Test fish will be randomly placed in test units in such a manner as to minimize bias.  It is anticipated that no blocking factor(s) will be used as all fish will be held under identical rearing/environmental conditions.  However, if this is not the case, a randomized block design will be used.  All studies will be blinded so that only the study director (or a single appointee of the study director) has prior knowledge regarding experimental unit treatment condition.  All other study participants will remain blinded to preclude potential bias in data collection.

The primary response variable in these studies will be mortality (e.g. dead fish).  Mortalities will be removed, counted, and recorded from each test unit daily, beginning the first day of the treatment period and ending 14 days post-treatment.  Pre-study mortality will also be recorded for a period of 10 days prior to the initiation of the study.  Secondary response variables will include observations of general fish behavior/condition, as well as complete pre- and post-study fish health evaluations to determine effects of florfenicol treatment.

The only analytical measurement required in these studies will be dose verification of florfenicol medicated feed to confirm target dosages.  This work will be conducted by Schering-Plough Animal Health (Union, NJ), the Upper Midwest Environmental Science Center (USGS, LaCrosse, WI), or contracted to a certified analytical laboratory.

The experimental design will test the hypothesis Ho: u1 treated = u2 untreated; Mortality caused by pathogens susceptible to florfenicol is equal between fish treated with 10-20 mg florfenicol per kg fish per day for 10 days, and fish that receive unmedicated feed (H0:  u(mortality in treated fish)  =  u(mortality in non-treated control fish).  The alternate hypothesis tested will be HA:  u1  u2; Mortality caused by pathogens susceptible to florfenicol will be lower among fish treated with 10-20 mg florfenicol per kg fish per day for 10 days , and fish that receive unmedicated feed (HA:   u(mortality in treated fish)    u(mortality in non-treated control fish).

Statistical tests will be performed using SYSTAT for Windows, Version 8 (Wilkinson, 1988).  An independent t-test will be used to detect differences between treated and untreated fish with regard to total fish mortality per test unit.  Where differences are stated to be significant, a level of p  0.05 will be implied.  Data will be tested for normality and homogenicity of variance.  Failure to pass either of these tests may require data using a non-parametric test (i.e. Mann-Whitney Rank Sum Test).

Final study reports will be prepared for each experiment, and a summary report will be prepared summarizing results from all experiments.

Objective 4 (florfenicol target animal safety studies)

Target animal safety studies will be conducted at the Bozeman NIO’s Drug Research Laboratory on healthy fry, fingerling, and juvenile rainbow trout.  Test animals to will be fed concentrations of florfenicol-medicated feed sufficient to identify a margin of safety beyond the maximum proposed efficacious treatment regimen.  Currently, the proposed treatment regimen is 10 - 20 mg active drug per kg fish per day for 10 consecutive days.  A series of experiments will be conducted in which test fish will be exposed to 1x, 3x, and 5x the maximum proposed therapeutic concentration for 3x the duration.  Treatment concentrations used in successive experiments may be adjusted depending upon observed toxic effects of florfenicol to test fish.  

Each experiment will consist of healthy test animals transferred to test tanks in a manner to minimize bias and in numbers sufficient to deal with incidental mortality.  Experiments will be comprised of a 7 d pre-treatment acclimation period, followed by a 30 d treatment period, and a 14 d post-treatment observation period.  Experiments will consist of 12 or 18 tanks.  In experiments in which 12 test tanks are used, three treatment concentrations as well as a negative control will be assigned to test tanks using a completely randomized study design.  In experiments in which 18 test tanks are used, five treatment concentrations as well as a negative control will be assigned to test tanks using a randomized block design.

The primary response variable for most experiments will be mortality (i.e., acute toxicity experiments).  Mortality will be collected daily by study participants blinded to treatment condition.  Water temperature and dissolved oxygen concentrations will be measured daily.  Other pertinent water chemistry parameters will be measured during the course of the experiment.  Environmental conditions during each experiment will be near-optimal so that all toxic/adverse reactions observed may be attributed to the test article.

Florfenicol-medicated feed (top-dressed) will be prepared at the Bozeman NIO.  Feed samples will be collected periodically during the treatment period and sent to Schering-Plough Animal Health (Union, NJ), the Upper Midwest Environmental Science Center (USGS, LaCrosse, WI), or a certified analytical laboratory for analysis of drug concentration.

Prior to the initiation of target animal safety studies, a study protocol will be prepared according to FDA guidelines detailing the test article, test animal, study schedule and procedure, specification of variables, data analysis and analytical procedures.  Experiments will be compliant with Good Laboratory Practices standards and subject to inspection by a Quality Assurance Officer.  Standard operating procedures will be prepared and followed for each analytical procedure and task associated with data collection.

The experimental design will test the hypothesis Ho :  u1 = u2 = u3 = u4; Mortality within specific life stages of rainbow trout is equal when exposed to various concentrations of florfenicol administered as a medicated feed for 30 days.   The alternative hypothesis tested will be Ha :  u1 = u2 (  u3 ( u4;  Mortality within specific life stages of rainbow trout will be different when exposed to various concentrations of  florfenicol administered as a medicated feed for 30 days.  Dependant upon mortality, data will be analyzed using a two-sample t-test or an analysis of variance and multiple pairwise comparison test.
Upon completion of acute toxicity experiments to adequately identify a margin of safety beyond the maximum proposed efficacious treatment concentration, a single experiment will be conducted to evaluate histopathological effects of florfenicol.  Test fish will be exposed to various concentrations of florfenicol to demonstrate the margin of safety at the histological level beyond the maximum proposed treatment regimen.  Tissue samples (e.g., kidney, liver, gut, and others as advised by FDA) will be collected after the last treatment day, and at 7 and 14 d after the last treatment day.  Samples will be prepared using standard histological techniques and stained with H and E stain.  A histopathologist blinded to treatment condition will evaluate whether pathologies or histological changes occurred as a result of florfenicol treatments.

Final study reports will be prepared for each experiment, and a summary report will be prepared summarizing results from all experiments.  

f. Facilities and equipment
All major facilities and equipment needed for this project are anticipated to be “on-hand”.  Efficacy studies will be conducted at federal and state fish hatcheries that are fully equipped to hold, rear, and treat fish.  If additional laboratory equipment is needed for efficacy studies, it will be supplied by the Bozeman NIO.  All target animal safety studies will be conducted at the Bozeman NIO’s Drug Research Laboratory.  This lab is fully equipped to complete all planned studies.  

g. References
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Name:
David A. Erdahl

Present Address:
Bozeman Fish Technology Center / National INAD Office

4050 Bridger Canyon Road

Bozeman, MT   59715

Ph: (406) 587-9265 ext. 125; Fax: (406) 582-0242

email: dave_erdahl@fws.gov

Education and Training:
  Doctor of Philosophy, Animal Physiology, University of Minnesota, St. Paul, MN, 1994; Thesis: Cryopreservation of Gametes of Freshwater Fish.

  Bachelor of Science, Animal Science (major in Animal Physiology), University of Minnesota, St. Paul, MN, 1984.

· AIntroduction to Good Laboratory Practices@, Joesph B. Townsend, Consultant, Bozeman, MT, November 1998.

ASupervision: Managing Performance and Conduct@, USFWS National Fisheries Academy - Leetown, Minneapolis, MN, December 1995


AHow to Supervise People@, Rockhurst College Continuing Education Center, Helena, MT, August 1994.


AFish Genetics and Broodstock Management@, USFWS National Fisheries Academy - Leetown, Minneapolis, MN, December 1993


ABiostatistics@, USFWS National Fisheries Academy - Leetown, Albuquerque, NM, January 1992.


ASelected Topics for Fish Hatchery Managers@, USFWS National Fisheries Academy - Leetown, 


AIntroduction to Fish Health@, USFWS National Fisheries Training Center - Leetown, LaCrosse, WI, February, 1987.

Work Experience:
1.  Supervisory Fisheries Biologist, U.S. Fish and Wildlife Service, Bozeman Fish Technology Center/National INAD Office, August 1994 to present.

Serve as the National INAD Coordinator at the USFWS=s National Investigational New Animal Drug (INAD) Office.  Responsible for establishing and maintaining a national program of coordination, communication, and research to accomplish USFWS policies and commitments concerning the approval, coordination, and use of therapeutic investigational new animal drugs for aquatic animals.  The mission of the National INAD Program is to conserve, protect, and enhance the Nations fishery resources by coordinating activities to obtain U. S. Food and Drug Administration approval of drugs, chemicals, and therapeutants needed in aquaculture.  Activities conducted to date have resulted in the elevation of the USFWS=s INAD program to the forefront of all public agencies involved in the aquaculture drug approval process.

2.  Fisheries Biologist, U.S. Fish and Wildlife Service, Bozeman Fish Technology Center, Bozeman, MT, January 1989 to July 1994. 

Primary responsibility in this position was to coordinate and conduct research that involved all aspects of fish spawning procedures and general broodstock management protocol.  While specific duties were somewhat dependent upon the needs/requirements of USFWS field stations, general areas of investigation included gamete maturation, use of hormone therapy to induce gamete maturation, improved methods of gamete collection and egg fertilization, low-temperature storage and cryopreservation of sperm, egg handling, egg incubation, and embryo development.  Considerable effort was also directed at evaluating the effect of diet and feeding rate on the reproductive performance of broodstocks.  Other duties of this position were to write the official USFWS manual titled AInland Salmonid Broodstock Management Handbook@, and to serve as peer review team chairman for the preparation of individual Station Broodstock Management Plans by all USFWS broodstock facilities.  

3.  Fisheries Biologist, U.S. Fish and Wildlife Service, Iron River National Fish Hatchery, Iron River, WI, October 1983 to December 1988.

Primary responsibility in this position was to ensure that the hatchery operated at full reproductive potential.  The IRNFH was the USFWS=s primary broodstock facility responsible for the production of lake trout fry and fingerlings for restoration/recovery of lake trout in the Great Lakes.  Duties also included serving as technical expert in lake trout reproduction for other USFWS facilities involved in lake trout spawning and production.  A key element of this position was responsibility for conducting outcross fertilizations between wildstock and domestic lake trout population.  This work involved collecting and storing sperm from wildstock lake trout, and using this sperm to enhance the genetics of domestic broodstocks.  Results of these efforts provided the foundation on which the entire lake trout restoration/recovery program was based.  Other duties included conducting research aimed at increasing the reproductive potential of hatchery broodstocks, as well as general fish culture responsibilities.

Research Specialties:
 Requirements and conduct of studies required for drug and therapeutant registration

 Broodstock management, spawning, and enhanced reproductive potential

Current Research Responsibilities:
 Responsible for the coordination and conduct of all USFWS research investigations directed towards evaluating the field efficacy and target animal safety of important, but currently non-approved aquaculture drugs/therapeutants.  Drugs/therapeutants currently under investigation include; chloramine-T, oxytetracycline, formalin, florfenicol, fumagillin, luteinizing hormone releasing hormone, common carp pituitary, and human chorionic gonadotropin
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!  Master of Science, Biological Sciences, Eastern Michigan University, Ypsilanti, Michigan, April 1991
Thesis:  Comparison of 10- and 28-Day Bioexposure Studies to Determine the Bioaccumulation Potential of PCB Congeners from Contaminated Sediment.

!  Bachelor of Science, Biological Sciences (double major - Aquatic Biology and General Chemistry), Eastern Michigan University, Ypsilanti, Michigan, April 1982.

Introduction to GLP, Joe Townsend, Consultant, Bozeman MT, November 1998

Judicious Use of Antimicrobial Compounds in Aquaculture, College of Southern Idaho, Twin Falls, (A continuing education course for fish health practicioners, Organized by the AFS Fish Health Section), June 8, 1999

Experimental Design, National Conservation Training Center/Canadian Aquaculture Institute, La Crosse, WI, May 1998

Applied Aquatic Epidemiology, National Conservation Training Center/Canadian Aquaculture Institute, La Crosse, WI, November 1996

Introduction to Fish Health, National Conservation Training Center, Olympia, WA, June 1996

Cold Water Fish Culture Course, National Conservation Training Center, Bozeman MT, March 1995

Biostatistics, Fish and Wildlife Training Center, Las Vega, NV, 3/94

Regulatory Toxicology, Chem 412, Eastern Michigan University, Ypsilanti, MI, 1-4/93

Introduction to Hewlett Packards RTE Gas Chromatograper/Mass Spectrophotometer, Atlanta, GA 10/89

Nelson Analytical Desktop Model 2600 Training Course, Paramus, NJ, 7/88

Boater Safety and Seamanship, US Coast Guard, Ann Arbor, MI /86

CPR, American Red Cross, Ann Arbor, MI, Annually from 1984 - 1994

Work Experience:
1.  Fisheries Biologist: U.S. Fish & Wildlife Service, Bozeman Fish Technology Center10/94 - present.

Serve as Assistant Coordinator for the USFWS National Investigational New Animal Drug (INAD) Office.  Responsible for analyzing and archiving data and preparing reports suitable for submission U.S. Food and Drug Administration (FDA) to  summarizing data submitted through the various compassionate INAD exemptions held by the USFWS.  Developed a functional database capable of cataloging, querying, and sorting all data from these INADs.   Designed, conducted, and published research on the efficacy of chloramine-T to control mortality in fish caused by bacterial gill disease.  Perform all aspects of studies to determine the safety and efficacy of chloramine-T to fish including study design, protocol development, construction of test facility and apparatus for target animal safety (TAS) studies, conducting/coordinating studies, analytical work, data analysis and interpretation, and manuscript and report preparation.  Utilize FDA guidelines for preparation of protocols, final study reports for submission to the Division of Therapeutic Drugs for Food Animals, and Freedom of Information Summary reports.  Served as Study Director on chloramine-T and oxytetracycline medicated feed efficacy studies and chloramine-T TAS studies.  Directed cooperative research with USFWS National Fish Hatcheries to study the efficacy of chloramine-T to control mortality in fish caused by bacteria gill disease.   Developed Good Laboratory Practice (GLP) facility according to 21 Code of Federal Regulations Section 58.  Developed or assisted in the development of Standard Operating Procedures for all procedures and instruments used in TAS studies, TAS Study Protocol suitable for FDA acceptance, and all other aspects  to comply with GLP standards.  Serve as the Programs fish health specialist evaluating fish for external pathogens and systemic bacteria.  Cooperator in lab and field efficacy trials to evaluate the efficacy of fumagillin to control whirling disease.  Assist in the culture, treatment and harvest of fish for research.   

2.  Research Chemist: National Biological Service - Great Lakes Science Center, 7/93 - 10/94

Served as Principal Investigator conducting research on contaminants in the Great Lakes Basin, specializing in analyses of PCB congeners, dioxin-like compounds and a variety of chlorinated hydrocarbons.  Performed all aspects of studies to determine bioaccumulation of PCB congeners by zebra mussels, channel catfish and semi-permeable membrane devices from contaminated sediment including study design, research proposal, construction of exposure cages, conducting studies, analytical work, data analysis and interpretation, report preparation and presentation of results at professional conferences. Served as co-Investigator on studies to evaluate parental transfer of contaminants and lipid content changes in zebra mussels.  Conducted field and lab bioassays, prepared biological and sediment samples for analyses and analyzed samples using state-of-the-art analytical instruments such as Varian gas chromatographers and Hewlett Packard gas chromatographer mass spectrophotometer.  Developed methods to enhance capabilities of laboratory and followed GLP.  Detailed to other NBS labs with contaminant programs to evaluate procedures and techniques.  Worked cooperatively with researches at other Centers or Agencies (e.g., NFCRC - Columbia, MO; Michigan DNR Surface Water Quality Division - Lansing, MI; USEPA - Grosse Ile, MI).  Served as the Projects field biologist and small boat captain.  Supervised day-to-day activities of Project technicians, volunteers and work-study students.  Served on the Centers Safety Board.  Charter member and Centers representative on the Great Lakes Seminar Series Committee.  Participated in the River Raisin Watershed Public Advisory Council.  

3.  Chemist: U.S. Fish & Wildlife Service, National Fisheries Research Center - Great Lakes, 7/88 - 7/93

Responsible for monitoring trends and bioavailability of organic contaminants in various indigenous, exotic and surrogate species/devices by gas chromatographer/mass spectrophotometer and gas chromatographer.  Responsible for operating and maintaining equipment, supplies and lab areas; process and analyze all environmental samples to meet all QA/QC requirements; recommend, evaluate, and implement methodology to remain current with developing technology; submit data completion reports detailing quality and significance of results.  Served as co-Investigator on study to evaluate concentrations of PCBs and pesticides in forage fish.  Submitted research proposals outlining hypothesis, background information, justification, methods and expected results to project leaders and Centers biostatistician, and presented proposal to orally to staff.  Submitted yearly progress and evaluation reports to Chiefs and Director.  Conducted field and lab exposure studies to evaluate bioaccumulation potential and factors that affect contaminant bioaccumulation.  Responsible for interagency efforts to validate analytical methods (most notably in a PCB congener method comparison study).  Coordinate and conduct all field sampling for the Project, 

4.  Biological Lab (Fisheries) Technician:  U.S. Fish & Wildlife Service, National Fisheries Research Center - Great Lakes, 3/84 - 7/88.

Responsible for all organic residue analysis of environmental samples by gas chromatography for Contaminant Dynamics Project.  Served as the Projects field biologist collecting samples by electroshock, trawl and gill net.  Conducted lab bioassay studies, primarily sediment bioexposure and single chemical toxicity studies.  Responsible of incubation of eggs and rearing fish to be used for research. Maintained Varian 3700 and 3500 gas chromatographers, liquid scintillation counter, Virtis tissue freeze dryer, balances, grinder/tissue homogenizers and other lab and field equipment.

5.  Gas Chromatographer Analyst: Environmental Research Group, Ann Arbor, MI, 8/83 - 3/84

Hired as sample prep technician working primarily with sediments, water and elutriates.  Promoted to GC analyst in three months time.  Responsible for analyzing environmental samples for PCBs, pesticides, and semi-volatiles by GC.  Performed routine calculations based on four-point calibration curves to determine wet and dry weight concentrations.  Compiled reports that included all data, summary of QA/QC results and brief description of samples and methods used.

6.  Graduate Teaching Assistant: Eastern Michigan University, Ypsilanti, MI; 9/81 - 6/83

Responsible for teaching labs and recitations in the following courses: General Biology, Zoology, Human Anatomy and Physiology, and Human Physiology.  Directed weekly laboratory sessions, recitations and review.

Research Specialties: 
- Efficacy and target animal safety of Chemicals and drugs used in aquaculture

- Chemical and drug registration and approvals

- Contaminant Bioaccumulation and Analysis

Current Research Assignments:
- Chloramine-T efficacy and target animal safety studies

- Oxytetracycline medicated feed efficacy studies

- Florfenicol medicated feed efficacy studies

- Fumagillin medicated feed efficacy studies

 -Study Director of Chloramine-T and Oxytetracycline medicated feed efficacy studies on     fish

- Development and maintenance of Good Laboratory Practice standards 

Publications:
Bowker, J.D., and D. Erdahl.  1998.  Observations on the Efficacy of Chloramine-T treatment to Control Mortality in a Variety of Salmonids.  Prog. Fish Culturist. 60

Bowker, J.D., L. Telles, and J. Evered.  1998.  Results from a Chloramine-T Clinical Efficacy Trials to Control Mortality among Fall Chum Salmon caused by Bacterial Gill Disease.  J. of Aquatic Animal Health.  In Review.

Education:
$Master of Science, Fish and Wildlife Management, Montana State University, Bozeman, Montana, August 1985.  M.S. Thesis: Potential Impacts of Fluctuating Flows from Hauser Dam, Missouri River, on Young-of-the-Year Brown Trout and Rainbow Trout.

$Bachelor of Science, Wildlife Management, University of Maine, Orono, Maine, June 1975.

Relevant Work Experience:
$Fishery Biologist, U.S. Fish and Wildlife Service, National INAD Office, Bozeman Fish Technology Center, Bozeman, MT (June 1998-present)

Primary responsibilities are to (a) design and conduct target animal safety studies on fish under Good Laboratory Practices, (b) analyze the resulting data, and (c) submit written reports of the results to the U.S. Food and Drug Administration (FDA) for the purpose of obtaining FDA approval for the use of New Animal Drugs and Chemicals used in fishery operations.

$Fishery Biologist, U.S. Fish and Wildlife Service, Creston Fish and Wildlife Center, Kalispell, MT (October 1995-June 1998)

Responsibilities focused on attempts to reestablish a sport fishery for kokanee salmon Oncorhynchus nerka in Flathead Lake, MT.  Field work included assisting with the annual stocking of kokanee salmon into Flathead Lake and annual monitoring of survival of stocked fish.  Office work included the analysis of resulting data and writing annual reports documenting the progress of the reestablishment efforts.

Relevant Work Experience (continued):

$Fishery Biologist, U.S. Fish and Wildlife Service, Yellowstone Fishery Assistance Office, Yellowstone National Park, WY (April 1988-October 1995)

Planned, supervised, and conducted fisheries management work in Yellowstone National Park, WY.  Field work included collecting (a) physical, chemical, and biological data on Park streams and lakes and (b) angling-related data on Park fisheries.  Office work included planning and supervising data entry and data analysis, as well as writing and editing annual reports.

$M.S. Candidate, Montana Cooperative Fisheries Research Unit, Montana State University, Bozeman, MT (September 1981- August 1985)

Planned and conducted studies designed to help predict potential effects of proposed peak-power generation (i.e., twice-daily fluctuations in flow) on young-of-the-year brown trout Salmo trutta and rainbow trout Oncorhynchus mykiss rearing downstream from a hydroelectric dam.  Data collected were analyzed and included in a written thesis, and results were presented orally at two professional meetings.

$Fishery Biologist, Clerk Typist, Biological Aide (Fisheries), and Volunteer Fisheries Aide; U.S. Fish and Wildlife Service and U.S. National Park Service, Yellowstone National Park, WY (December 1987-April 1988, November 1985-December 1987, February 1985-November 1985, June 1984-September 1984, and January 1981-September 1981)

Assisted in data collection and analysis and report writing for fisheries projects conducted in Yellowstone National Park, WY.

Training:
$Introduction to Good Laboratory Practices, 3 hrs, November 1998, Bozeman, MT.  Organized by USFWS; taught by Joe Townsend, Quality Assurance Consultant, Bozeman, MT.   

$Experimental Design, 40 hrs, May 1998, LaCrosse, WI.  Organized by USFWS; taught by instructors from Canadian Aquaculture Institute.

$Genetics in Fisheries Management, 8 hrs, February 1998, Helena, MT.  Organized by Montana Chapter American Fisheries Society; multiple instructors.  

$Coldwater Fish Culture, 80 hrs, March 1996, Bozeman, MT.  Organized by USFWS; multiple instructors.

$Electrofishing, 24 hrs, May 1995, Casper, WY.  Organized by USFWS; multiple instructors.

$Freshwater Monitoring: Physical, Chemical, Biological, 16 hrs, August 1992, Salt Lake City, UT.  Organized by USEPA; multiple instructors.

Training (continued):
$Fluvial Geomorphology, 8 hrs, February 1992, Montana.  Organized by Montana Chapter American Fisheries Society; taught by Interfluve, Inc., Bozeman, MT.  

$Biostatistics: Survey Sampling and Experimental Design, 40 hrs, January 1992, Albuquerque, NM.  Organized by USFWS; taught by Dr. Oswald Garten, Consultant, Idaho.

$Statistics: Practical Applications in Fish and Wildlife Research, March 1990, Yellowstone National Park, WY.  Organized and taught by Dr. Robert Crabtree, Consultant, Yellowstone National Park, WY.

$Instream Flow Methods, 30 hrs, February 1987, Helena, MT.  Organized by OEA Research, Helena, MT; multiple instructors.

Membership and Activities in Professional Societies:
$Member of the American Fisheries Society and Montana Chapter of the American Fisheries Society (1982 to present)

$In the Montana Chapter of the American Fisheries Society, I have served as Newsletter Editor, Chair of the Continuing Education Committee, Secretary-Treasurer (1994-95), Vice President (1995-96), President (1996-97), and Past President (1997-98).

Scientific Presentations:
$A Paper Argument for the Efficacy of Carp Pituitary Extract.  Presented at the August 1998 INAD Workshop, Bozeman, MT.

$Smoltification and Residualization in Yearling Kokanee Salmon Reared at the Creston National Fish Hatchery, Kalispell, MT.  Presented at the 24th Annual International Kokanee Workshop, Kalispell, MT, March, 1998.

$Philosophy, Process, and Decision Making in Fisheries Management.  Presented at the 1998 Annual Meeting of the Montana Chapter American Fisheries Society. 

$Group Decision Making in Natural Resource Management.  Presented at the 1996 Annual Meeting of the Montana Chapter of the American Fisheries Society. 

$Potential Impacts of Fluctuating Flows from Hauser Dam, Missouri River, on Young-of-the-Year Brown Trout and Rainbow Trout.  Presented at the 1985 Annual Meeting of the American Fisheries Society and the 1984 Annual meeting of the Montana Chapter American Fisheries Society.

Technical Reports:
$Co-author and co-editor of three annual reports related to attempting to reestablish a kokanee salmon sport fishery in Flathead Lake, MT; U.S. Fish and Wildlife Service, Creston Fish and Wildlife Center, Kalispell, MT (1995-1998).

$Co-author and co-editor of 10 annual reports related to fisheries management work conducted in Yellowstone National Park, WY; U. S. Fish and Wildlife Service, Yellowstone Fishery Assistance Office, Yellowstone National Park, WY (1985- 1995).

Master=s Thesis:

$Potential Impacts of Fluctuating Flows from Hauser Dam, Missouri River, on Young-of-the-Year Brown Trout and Rainbow Trout.  1985.  M.S. Thesis, Montana State University, Bozeman, MT
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