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REASON FOR TERMINATION
The project objectives were completed.
PROJECT OBJECTIVES

(1) To evaluate the effectiveness of florfenicol and oxytetracycline to control mortalities
caused by Flavobacter columnare in selected cultured fish and to evaluate the
effectiveness of chloramine-T to control mortalities caused by bacterial gill disease in
selected cultured fish.

(2) To collect tissue residue depletion data for florfenicol, oxytetracycline, chloramine-T,
and hydrogen peroxide in selected cultured fish.

PRINCIPAL ACCOMPLISHMENTS
OBJECTIVE 1

In 2000, work conducted at lowa’s Department of Natural Resources Rathbun Fish
Culture Research Facility was designed to test the effectiveness of oxytetracycline to
control systemic infections of Flavobactor columnaris in walleye. In this study walleye
were induced by stress to break out with a columnaris infection. Fish were divided into
two replicate groups of three controls receiving untreated feed and three treated groups
receiving oxytetracycline feed treated at 82.7 mg active ingredient/kg fish. Each replicate
contained 145 walleye. Treated feed was fed for 10 consecutive days, and a 14 day post-
treatment period was used to monitor fish mortality. Two days into the study an infection


http://aquanic.org/publicat/usda_rac/apr/ncrac/apr2002.htm#N_12_#N_12_

of the protozoan chilodonella was detected and a 1.0% salt treatment was administered to
cure the infection.

The three tanks that received treated feed had fish mortalities of 29.7%, 32.4%, and
17.2%. Tanks receiving untreated feed had total mortalities of 31.0%, 20.7%, and 26.9%.

Data analysis was performed after the September 18, 2000 post-treatment period.
Analysis showed no significant difference between groups fed oxytetracycline treated
feed and groups fed untreated feed.

During August 2001, walleye were stressed and became infected with Flavobacter
columnare. A study was begun August 17 to test the effectiveness of feeding
oxytetracycline to control this bacteria. Fish were randomly divided into groups of three
controls receiving untreated feed and three groups receiving oxytetracycline treated feed.
Each replicate tank contained 187 walleye.

The study was terminated after only two days because the walleye developed an infection
of bacterial gill disease. Food and Drug Administration guidelines do not allow the
acceptance of results compounded by a secondary infection.

Work that was planned for September 1, 2001 to May 30, 2002, using a no-cost grant
extension was not performed because disease outbreaks of Flavobacter columanare could
not be generated during this period.

OBJECTIVE 2

In October 1999, a study performed at the Rathbun Fish Culture Research Facility was
designed to gather residue depletion data of oxytetracycline in cultured fishes. This data
was gathered for walleye during the contract period. The label currently restricts the
administration of oxytetracycline to control specific diseases in salmonids and catfish.
This residue depletion study was conducted to support the extension of the label to
include all cool water fish species cultured at public and private aquaculture facilities.

In this study, 461 walleye weighing a mean of 61.2 g (2.2 0z) each were offered 3.87% of
their total body weight per day of a slow sinking walleye diet (Walleye Grower 9206).
The diet top-coated with oxytetracycline (89.0 mg/kg/day) was fed for 10 consecutive
days. Fifty fish were sampled as control fish before feeding of the treated feed and 20 fish
were sampled 1, 2, 3, 4, 7,9, 11, and 14 days after treatment. Skin-on fillets were
analyzed for oxytetracycline-base concentration at the U.S. Geological Service Biological
Resource Division's Upper Midwest Environmental Sciences Center (UMESC). Water
temperature during the treatment period ranged from 16.7-18.4°C (62.1-65.1°F) and was
12.9-17.0°C (55.2-62.6°F) during the depuration period.

The maximum mean oxytetracycline-base concentration in the fillet tissues of walleye
fed the medicated grower was 721 ng/g. This concentration is below the current
oxytetracycline-base tolerance limit of 2,000 ng/g.



Expanded Scope of Work (Hydrogen Peroxide)

The scope of work for this project was expanded to include the efficacy testing of
hydrogen peroxide for fungus on channel catfish eggs, Flavobacter columnare on
channel catfish, hydrogen peroxide for parasites on walleye, and hydrogen peroxide and
chloramine-T for Flavobacter columnare infections on walleye.

Research was conducted to expand the label of 35% Perox-Aid™ to include channel
catfish eggs for the treatment of fungus. Treatments were run at 500 mg/L and 750 mg/L
Perox-Aid™ as a flow through. There were three replicates for the control and each
treatment concentration. Egg volumes ranged from 6,600-7,700/jar. Eggs were treated for
four consecutive days until they began to hatch on day 5. No fungus was present in any of
the treatment groups, but fungus was present in all untreated control groups. Even though
fungus was present, no affect on hatch was detected. Perox-Aid™ concentrations did not
reach desired levels in any treatments with a mean of 324 mg/L at the 750 mg/L
treatment concentration and 241 mg/L at the 500 mg/L treatment concentration. It was
later determined the Perox-Aid™ concentration had been inadvertently diluted by the
company from 35% to 15%.

Another study was conducted in 2000 at the Rathbun Fish Culture Research Facility to
evaluate the effectiveness of hydrogen peroxide and chloramine-T to control Flavobacter
columnare in walleye.

Fish held in a rearing tank, prior to the study, were naturally infected with Flavobactor
columnare. When a columnaris infection was detected on some of the test fish and
mortalities began to increase, treatment began. Treatments were conducted in two
portable systems with one system containing 12 tanks and one system containing 9 tanks.
All tanks contained 40 L (10.6 gal) of water.

Hydrogen peroxide (commercial grade 35% active, DuPont, Memphis, Tennessee) and
chloramine-T (commercial grade 99-100% active ingredient, AKZO Chemicals, Dobb
Ferry, New York) were prepared as stock solutions. Treatments were 50, 100, and 150
mg/L hydrogen peroxide, and 10, 20, and 30 mg/L chloramine-T. Controls in three tanks
were used for both treatments. Hydrogen peroxide was administered as 30 min exposures
and chloramine-T as 60 min exposures.

Active chemical concentrations calculated by water testing were 50.9, 101.2, and 149.3
mg/L for hydrogen peroxide and 9.7, 18.5, and 27.5 mg/L for chloramine-T.

Results showed mean fish mortalities in the hydrogen peroxide trial were 17.3%
(control), 17.3% (50 mg/L), 38% (100 mg/L), and 90% (150 mg/L). Hydrogen peroxide
treatments were toxic at 100 mg/L or greater.

Mean fish mortalities in the chloramine-T trial were 17.3% (control), 16.0% (10 mg/L),
23.3% (20 mg/L), and 18.7% (30 mg/L).



None of the treatments resulted in a statistically significant reduction in fish mortalities.
These data also support the conclusions of other researchers that walleye are one of the
most sensitive species to hydrogen peroxide.

During July 2001, walleye held in rectangular tanks contracted a natural infection of the
protozoan parasite chilodonella. A study was conducted to test the efficacy of 35%
Perox-Aid ™ in eradicating the parasite.

Tests were conducted in six 288-L (76 gal) circular tanks. A prestudy parasite evaluation
on 31 walleye showed 21 fish had >25 chilodonella per gill arch and 10 fish had from 1-
16 per gill arch. Each circular tank was stocked with 250 walleye in a random order to
give three treatment tanks receiving Perox-Aid ™ and three untreated control tanks.

Treatment tanks received 100 mg/L Perox-Aid™ for 30 min. Water samples were taken
15 min into the treatment from each treatment tank and one control tank for titration to
determine the hydrogen peroxide concentration. At the end of 30 minutes all tanks were
drawn down and flushed to eliminate the hydrogen peroxide. Dissolved oxygen, pH,
temperature, and mortalities were recorded for each tank on a daily basis.

Two Perox-Aid™ treatments were administered on alternate days and fish were then
evaluated for the presence of chilodonella 2 days and 8 days post treatment. Ten fish
were examined per tank on day 2 and six fish on day 8 post treatment.

Post-treatment examination of treated fish for chilodonella showed no parasites present at
day 2 or day 8. The number of chilodonella on untreated control fish ranged from 0-
11/gill arch on day 2 post treatment and from 0-181 on day 8 post treatment, with a mean
of 49 per gill arch.

Mean mortality after one treatment was 22 in treated tanks and 38 in control tanks;
however, after the second treatment, mean mortality was 87 in treated tanks and 14 in
control tanks. By day 7 post treatment, mean mortalities were 20 in the control tanks and
two in the treated tanks. While Perox-Aid™ is effective in controlling childonella, care
must be taken when treating walleye due to chemical sensitivity.

A second study was conducted in 2001 to evaluate the efficacy of Perox-Aid™ 35%
hydrogen peroxide to control Flavobacter columnare on channel catfish. Six raceways
containing a mean of 1,940 channel catfish were naturally infected with columnaris.
Three raceways were randomly selected as treatment groups to receive 75 mg/L hydrogen
peroxide, and three were selected as untreated controls. Treatments were administered
daily for 30-45 min depending on the behavior of the fish in the raceway.

Perox-Aid™ treatments began on July 18 and were applied through July 25. The
columnaris reappeared in one of the treatment raceways on July 30 and in another on
August 2. The first raceway was treated again on July 30, 31, and August 1 and the
second raceway was treated on August 2 only. These subsequent treatments halted the
infection. Mortalities became unacceptable in the control group on July 20 and Reward ™



Diquat was administered for six consecutive days. Mean mortalities during the first eight
days of the study were 8.8/day for the Perox-Aid™ treated fish and 11.5 for the control
fish. Maximum mortalities per day for treated fish were 59 and were 150 for the control
fish. Perox-Aid™ will effectively control Flavobacter columnare and channel catfish are
less sensitive to the chemical than walleye.

The chloramine-T residue depletion was completed at the UMESC using yellow perch.
Walleye dedicated to this study that were transferred from Rathbun to the UMESC were
not used because of disease problems.

Work with florfenicol that was planned for September 1, 2001 to May 30, 2002, using a
no-cost grant extension was not performed because of INAD problems during this period.
Hydrogen peroxide work also planned was not performed because disease outbreaks
could not be generated.

IMPACTS

Work from this project has provided data that will be used toward gaining NADA
approval for several aquaculture drugs. If approved, these drugs will benefit the entire
aquaculture community, including federal, state, and private aquaculture interests located
throughout the United States.

This project demonstrated the following:

e The problem of complicating, unwanted diseases and the difficulty of designing
and performing disease field studies.

Hydrogen peroxide will effectively control chilodonella on walleye.

Walleye are extremely sensitive to hydrogen peroxide.

Hydrogen peroxide will control Flavobacter columnare on channel catfish.
Channel catfish are less sensitive to hydrogen peroxide than walleye.
Oxytetracycline residue did not reach upper tolerance limits when fed to walleye
under cool water conditions.

e Hydrogen peroxide will control fungus on channel catfish eggs

e Chloramine-T is not toxic to walleye up to 30 mg/L for a 60 min exposure.

In addition:

o Data from these studies were submitted to the Food and Drug Administration as
pivotal or supportive data packages in support of NADA work on these drugs.

e The work done under this grant led to additional unfunded pivotal studies with
hydrogen peroxide for the treatment of Flavobacter columnaris on walleye. These
studies were conducted in 2002.

RECOMMENDED FOLLOW-UP ACTIVITIES



Additional aquaculture drug-related studies are needed to complete other data packages
required by the Food and Drug Administration for approval and labeling of other much
needed drugs for the aquaculture community.

PUBLICATIONS, MANUSCRIPTS, OR PAPERS PRESENTED

See the Appendix for a cumulative output for all NCRAC-funded Aquaculture Drugs
activities. SUPPORT

OTHER SUPPORT TOTAL
VEARS NCRAC-
USDA FUNDING | UNIVER- | INDUSTRY  OTHER  OTHER TOTAL
SITY FEDERAL SUPPORT
1999-01 38,415 $8,415
TOTAL $8,415 $8,415
EXTENSION

NCRAC Extension Fact Sheet Series

Garling, D.L. 1992. Making plans for commercial aquaculture in the North Central Region. NCRAC Fact
Sheet Series #101, NCRAC Publications Office, lowa State University, Ames.

Harding, L.M., C.P. Clouse, R.C. Summerfelt, and J.E. Morris. 1992. Pond culture of walleye fingerlings.
NCRAC Fact Sheet Series #102, NCRAC Publications Office, lowa State University, Ames.

Kohler, S.T., and D.A. Selock. 1992. Choosing an organizational structure for your aquaculture business.
NCRAC Fact Sheet Series #103, NCRAC Publications Office, lowa State University, Ames.

Swann, L. 1992. Transportation of fish in bags. NCRAC Fact Sheet Series #104, NCRAC Publications
Office, lowa State University, Ames.

Swann, L. 1992. Use and application of salt in aquaculture. NCRAC Fact Sheet Series #105, NCRAC
Publications Office, lowa State University, Ames.

Morris, J.E. 1993. Pond culture of channel catfish in the North Central Region. NCRAC Fact Sheet Series
#106, NCRAC Publications Office, lowa State University, Ames.

Morris, J.E., C.C. Kohler, and C.C. Mischke. 1999. Pond culture of hybrid striped bass in the North Central
Region. NCRAC Fact Sheet Series #107, NCRAC Publications Office, lowa State University, Ames.

Cain, K., and D.Garling. 1993. Trout culture in the North Central Region. NCRAC Fact Sheet Series #108,
NCRAC Publications Office, lowa State University, Ames.




Riepe, J.R. 1999. Marketing seafood to restaurants in the North Central Region. NCRAC Fact Sheet Series
#110, NCRAC Publications Office, lowa State University, Ames.

Riepe, J.R. 1997. Costs for pond production of yellow perch in the North Central Region, 1994-95.
NCRAC Fact Sheet Series #111, NCRAC Publications Office, lowa State University, Ames.

Riepe, J.R. 1999. Supermarkets and seafood in the North Central Region. NCRAC Fact Sheet Series #112,
NCRAC Publications Office, lowa State University, Ames.

Garling, D. In press. Whirling disease. NCRAC Fact Sheet Series #113, NCRAC Publications Office, lowa
State University, Ames.

Garling, D., and M. Riche. In press. Feeding tilapia in intensive recirculating systems. NCRAC Fact Sheet
Series #114, NCRAC Publications Office, lowa State University, Ames.

NCRAC Technical Bulletin Series

Thomas, S.K., R.M. Sullivan, R.L Vertrees, and D.W. Floyd. 1992. Aquaculture law in the north central
states: a digest of state statutes pertaining to the production and marketing of aquacultural products.
NCRAC Technical Bulletin Series #101, NCRAC Publications Office, lowa State University, Ames.

Swann, L. 1992. A basic overview of aquaculture: history, water quality, types of aquaculture, production
methods. NCRAC Technical Bulletin Series #102, NCRAC Publications Office, lowa State University,
Ames.

Kinnunen, R.E. 1992. North Central Region 1990 salmonid egg and fingerling purchases, production, and
sales. NCRAC Technical Bulletin Series #103, NCRAC Publications Office, lowa State University, Ames.

Hushak, L.J., C.F. Cole, and D.P. Gleckler. 1993. Survey of wholesale and retail buyers in the six southern
states of the North Central Region. NCRAC Technical Bulletin Series #104, NCRAC Publications Office,
lowa State University, Ames.

Meronek, T., F. Copes, and D. Coble. 1998. The bait industry in Illinois, Michigan, Minnesota, Ohio, South
Dakota, and Wisconsin. NCRAC Technical Bulletin Series #105, NCRAC Publications Office, lowa State
University, Ames.

Lichtkoppler, F.P. 1993. Factors to consider in establishing a successful aquaculture business in the North
Central Region. NCRAC Technical Bulletin Series #106, NCRAC Publications Office, lowa State
University, Ames.

Swann, L., and J. R. Riepe. 1994. Niche marketing your aquaculture products. NCRAC Technical Bulletin
Series #107, NCRAC Publications Office, lowa State University, Ames.

Swann, L., J. Morris, and D. Selock. 1994. Cage culture of fish in the North Central Region. NCRAC
Technical Bulletin Series #110, NCRAC Publications Office, lowa State University, Ames.

Riepe, J.R. 1997. Enterprise budgets for yellow perch production in cages and ponds in the North Central
Region, 1994/95. NCRAC Technical Bulletin Series #111, NCRAC Publications Office, lowa State
University, Ames.

Brown, P., and J. Gunderson, editors. 1997. Culture potential of selected crayfishes in the North Central
Region. NCRAC Technical Bulletin Series #112, NCRAC Publications Office, lowa State University,
Ames.



Riepe, J.R. 1998. Walleye markets in the North Central Region: results of a 1996/97 survey. NCRAC
Technical Bulletin Series #113, NCRAC Publications Office, lowa State University, Ames.

Morris, J.E., and C.C. Mischke. 1999. Plankton management for fish culture ponds. NCRAC Technical
Bulletin Series #114 NCRAC Publications Office, lowa State University, Ames.

Lane, R.L., and J.E. Morris. 2000. Biology, prevention, and effects of common grubs (Digenetic
trematodes) in freshwater fish. NCRAC Technical Bulletin Series #115, NCRAC Publications Office, lowa
State University, Ames.

Ramseyer, L.J., and D. Garling. In review. Fish nutrition and aquaculture waste management. NCRAC
Technical Bulletin Series #116, NCRAC Publications Office, lowa State University, Ames.

Daily, S., Selock, D., and Kohler, S. 2002. Fish-farm business plan workbook. NCRAC Technical Bulletin
Series #117, NCRAC Publications Office, lowa State University, Ames.

NCRAC Video Series

Swann, L. 1992. Something fishy: hybrid striped bass in cages. VHS format, 12 min. NCRAC Video Series
#101, NCRAC Publications Office, lowa State University, Ames.

Pierce, R., R. Henderson, and K. Neils. Aquacultural marketing: a practical guide for fish producers. 1995.
VHS format, 19 min. NCRAC Video Series #102, NCRAC Publications Office, lowa State University,
Ames.

Swann, L., editor. 1993. Investing in freshwater aquaculture. VHS format, 120 min. NCRAC Video Series
#103, NCRAC Publications Office, lowa State University, Ames.

Morris, J.E., and C.C. Mischke. 1998. Sunfish (Lepomis spp.) culture. NCRAC Video Series #104,
NCRAC Publications Office, lowa State University, Ames.

Ingham, S. 1999. A guide to making safe smoked fish. NCRAC Video Series #105, NCRAC Publications
Office, lowa State University, Ames.

Swenson, W. 2000. Fish farming: some industry perspectives. NCRAC Video Series #106, NCRAC
Publications Office, lowa State University, Ames.

Ingham, S. 2000. Fish processing plant sanitation. NCRAC Video Series #107, NCRAC Publications
Office, lowa State University, Ames.

NCRAC Culture Series

Summerfelt, R., editor. 1996. Walleye culture manual. NCRAC Culture Series #101, NCRAC Publications
Office, lowa State University, Ames.

Mischke, C.C., and J.E. Morris, editors. In review. Sunfish culture guide. NCRAC Culture Series #102,
NCRAC Publications Office, lowa State University, Ames.

Morris, J.E. In preparation. Yellow perch culture guide. NCRAC Culture Series #103, NCRAC
Publications Office, lowa State University, Ames.

Other Videos



Kayes, T.B., and K. Mathiesen, editors. 1994. Investing in freshwater aquaculture: a reprise (part I). VHS
format, 38 min. Cooperative Extension, Institute of Agriculture and Natural Resources, University of
Nebraska-Lincoln.

Kayes, T.B., and K. Mathiesen, editors. 1994. Investing in freshwater aquaculture: a reprise (part I1). VHS
format, 41 min. Cooperative Extension, Institute of Agriculture and Natural Resources, University of
Nebraska-Lincoln.

CD-ROMs

Swann, L. 1998. Getting started in freshwater aquaculture. NCRAC CD-ROM Series #101, NCRAC
Publications Office, lowa State University, Ames.

Kinnunen, R. 2002. Environmental Strategies for Aquaculture Symposium proceedings. NCRAC CD-ROM
Series #102, NCRAC Publications Office, lowa State University, Ames.

Boylan, J., and J. Morris. In press. Invertebrate identification for fish culturists. NCRAC CD-ROM Series
#103, NCRAC Publications Office, lowa State University, Ames.

Situation and Outlook Report

Hushak, L.J. 1993. North Central Regional aquaculture industry situation and outlook report, volume 1
(revised October 1993). NCRAC Publications Office, lowa State University, Ames.

Other Publications in Print

Myers, J.J., and R.A. Pierce. 2000. Missouri aquaculture directory. Missouri Department of Agriculture,
Jefferson City, Missouri.

Pierce, R.A., and C. Hicks. 2000. Understanding aquaculture businesses and their financial needs. Pages
75-76 in R. Plain, editor. Missouri farm financial outlook 2001. University Outreach and Extension,
Department of Agricultural Economics, University of Missouri-Columbia.

Swann, D.L., and M.E. Einstein. 2000. User analysis and future directions of the web-based Aquaculture
Network Information Center. Journal of Extension 38(5).

Workshops and Conferences
Salmonid Culture, East Lansing, Michigan, March 23-24, 1990. (Donald L. Garling)
Midwest Regional Cage Fish Culture Workshop, Jasper, Indiana, August 24-25, 1990. (LaDon Swann)

Aguaculture Leader Training for Great Lakes Sea Grant Extension Agents, Manitowoc, Wisconsin,
October 23, 1990. (David J. Landkamer and LaDon Swann)

Regional Workshop of Commercial Fish Culture Using Water Reuse Systems, Normal, Illinois, November
2-3,1990. (LaDon Swann)

First North Central Regional Aquaculture Conference, Kalamazoo, Michigan, March 18-21, 1991. (Donald
L. Garling, Lead; David J. Landkamer, Joseph E. Morris and Ronald Kinnunen, Steering Committee)



Crayfish Symposium, Carbondale, Illinois, March 23-24, 1991. (Daniel A. Selock and Christopher C.
Kohler)

Fish Transportation Workshops, Marion, Illinois, April 6, 1991 and West Lafayette, Indiana, April 20,
1991. (LaDon Swann and Daniel A. Selock)

Regional Workshop on Commercial Fish Culture Using Water Recirculating Systems, Normal, Illinois,
November 15-16, 1991. (LaDon Swann)

National Aquaculture Extension Workshop, Ferndale, Arkansas, March 3-7, 1992. (Joseph E. Morris,
Steering Committee)

Regional Workshop on Commercial Fish Culture Using Water Recirculating Systems, Normal, Illinois,
November 19-20, 1992. (LaDon Swann)

In-Service Training for CES and Sea Grant Personnel, Gretna, Nebraska, February 9, 1993. (Terrence B.
Kayes and Joseph E. Morris)

Aquaculture Leader Training, Alexandria, Minnesota, March 6, 1993. (Jeffrey L. Gunderson and Joseph E.
Morris)

Investing in Freshwater Aquaculture, Satellite Videoconference, Purdue University, April 10, 1993.
(LaDon Swann)

National Extension Wildlife and Fisheries Workshop, Kansas City, Missouri, April 29-May 2, 1993.
(Joseph E. Morris)

Commercial Aquaculture Recirculation Systems, Piketon, Ohio, July 10, 1993. (James E. Ebeling)

Yellow Perch and Hybrid Striped Bass Aquaculture Workshop, Piketon, Ohio, July 9, 1994. (James E.
Ebeling and Christopher C. Kohler)

Workshop on Getting Started in Commercial Aquaculture Raising Crayfish and Yellow Perch, Jasper,
Indiana, October 14-15, 1994. (LaDon Swann)

Aguaculture in the Age of the Information Highway. Special session, World Aquaculture Society, San
Diego, California, February 7, 1995. (LaDon Swann)

Second North Central Regional Aquaculture Conference, Minneapolis, Minnesota, February 17-18, 1995.
(Jeffrey L. Gunderson, Lead; Fred P. Binkowski, Donald L. Garling, Terrence B. Kayes, Ronald E.
Kinnunen, Joseph E. Morris, and LaDon Swann, Steering Committee)

Walleye Culture Workshop, Minneapolis, Minnesota, February 17-18, 1995. (Jeffrey L. Gunderson)

Aguaculture in the Age of the Information Highway. Multimedia session, 18 month meeting of the Sea
Grant Great Lakes Network, Niagra Falls, Ontario, May 6, 1995. (LaDon Swann)

AguaNIC. Annual Meeting of the Aquaculture Association of Canada, Nanaimo, British Columbia, June 5,
1995. (LaDon Swann)

Yellow Perch Aquaculture Workshop, Spring Lake, Michigan, June 15-16, 1995. (Donald L. Garling)



Rainbow Trout Production: Indoors/Outdoors, Piketon, Ohio, July 8, 1995. (James E. Ebeling)

North Central Regional Aquaculture Center Hybrid Striped Bass Workshop, Champaign, Illinois,
November 2-4, 1995. (Christoper C. Kohler, LaDon Swann, and Joseph E. Morris)

Third North Central Regional Aquaculture Conference, Indianapolis, Indiana, February 6-7, 1997. (LaDon
Swann)

Overview of Sunfish Culture. Missouri Joint Aquaculture Conference, Springfield, Missouri, March 4-6,
1998. (Joseph E. Morris)

Seafood and Food Safety Issues Related to Aquaculture, North Central Regional Aquaculture Conference,
Columbia, Missouri, February 24-26, 1999. (Ronald E. Kinnunen)

Overview of Sunfish Culture. North Central Aquaculture Conference, Columbia, Missouri, February 24-26,
1999. (Joseph E. Morris and Charles C. Mischke)

Angel Fish Production, North Central Regional Aquaculture Conference, Columbia, Missouri, February 24-
26, 1999. (LaDon Swann)

Potential of Recirculating Systems in the North Central Region, North Central Regional Aquaculture
Conference, Columbia, Missouri, February 24-26, 1999. (LaDon Swann)

Overview of Freshwater Shrimp Culture, North Central Regional Aquaculture Conference, Columbia,
Missouri, February 24-26, 1999. (Laura Tiu)

Fertilization Regimes for Fish Culture Ponds, Wisconsin Aquaculture Conference, Green Bay, Wisconsin,
March 12-13, 1999. (Joseph E. Morris)

Extension Programming in the North Central Region, SERA-IEG-9, Frankfort, Kentucky, March 14-186,
1999. (Joseph E. Morris)

Description of the Aquaculture and Bait Fish Industries: Threat Evaluation and Identification of Critical
Control Points, International Joint Commission Workshop on Exotic Policy, Milwaukee, Wisconsin,
September 22-26, 1999. (Jeffrey L. Gunderson)

Fisheries Management in the North Central Region, 9" National Extension Wildlife, Fisheries, and
Aguaculture Conference, Portland, Maine, September 29-October 2, 1999. (Joseph E. Morris, and S.K.
Whitcomb)

Internet Resources for Aquaculture Education and Communications: Present and Future, 9" National
Extension Wildlife, Fisheries, and Aquaculture Conference, Portland, Maine, September 29-October 2,
1999. (LaDon Swann)

Proceedings

Proceedings of the North Central Regional Aquaculture Conference. 1991. First North Central Regional
Aquaculture Conference, Kalamazoo, Michigan, March 18-21, 1991.

Gunderson, J., editor. 1995. Proceedings of the Combined North Central and Ninth Annual Minnesota
Aquaculture Conference and Tradeshow. Second North Central Regional Aquaculture Conference,
Minneapolis, Minnesota, February 17-18, 1995.



Swann, L., editor. 1997. Proceedings of the 1997 North Central Regional Aquaculture Conference. Third
North Central Regional Aquaculture Conference, Indianapolis, Indiana, February 6-7, 1997. Illinois-
Indiana Sea Grant Program, Publication CES-305. (Also available electronically at:
http://ag.ansc.purdue.edu/aquanic/publicat/state/il-in/ces-305.htm)

Morris, J.E., editor. 1999. Aquaculture at the crossroads: linking the past to the future. Compilation of
abstracts, papers, and supporting articles for the Fourth North Central Regional Aquaculture Conference,
Columbia, Missouri, February 24-26, 1999.

ECONOMICS/MARKETING
Publications in Print

Aubineau, C.M. 1996. Characterization of the supply of walleye fingerlings in the north central region of
the U.S. Master's thesis. Illinois State University, Normal.

Brown, G.J. 1994. Cost analysis of trout production in the North Central states. Master's thesis. Ohio State
University, Columbus.

Edon, A.M.T. 1994. Economic analysis of an intensive recirculating system for the production of advanced
walleye fingerlings in the North Central Region. Master's thesis. Illinois State University, Normal.

Floyd, D.W., and R.M. Sullivan. 1990. Natural resources and aquaculture: the policy environment in the
North Central states. Proceedings of the Third Symposium on Social Science and Resource Management,
Texas A&M University, College Station, Texas.

Floyd, D.W., R.M. Sullivan, R.L. Vertrees, and C.F. Cole. 1991. Natural resources and aquaculture:
emerging policy issues in the North Central states. Society and Natural Resources 4:123-131.

Gleckler, D.P. 1991. Distribution channels for wild-caught and farm-raised fish and seafood: a survey of
wholesale and retail buyers in six states of the North Central Region. Master's thesis. Ohio State University,
Columbus.

Hushak, L.J. 1993. North Central Regional aquaculture industry situation and outlook report, volume 1
(revised October 1993). NCRAC Publications Office, lowa State University, Ames.

Hushak, L., C. Cole, and D. Gleckler. 1993. Survey of wholesale and retail buyers in the six southern states
of the North Central Region. NCRAC Technical Bulletin Series #104, NCRAC Publications Office, lowa
State University, Ames.

Hushak, L.J., D.W. Floyd, and R.L. Vertrees. 1992. Aquaculture: a competitive industry in North Central
states? Ohio's Challenge 5:3-5.

Makowiecki, E.M.M. 1995. Economic analysis of an intensive recirculating system for the production of
walleye from fingerling to food size. Master's thesis. Illinois State University, Normal.
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SOME COMMONLY USED ABBREVIATIONS AND ACRONYMS

X cross; times
ANS aquatic nuisance species
AquaNIC Aquaculture Network Information Center
BMPs best management practices
BOD Board of Directors
biochemical oxygen demand
°C degrees Celsius
CES Cooperative Extension Service
cm centimeter
EAA essential amino acid
°F degrees Fahrenheit
FFO Freshwater Farms of Ohio, Inc.
FPL [USDA] Forest Products Laboratory
ft, ft° foot, cubic foot
G gram(s)
gal gallon(s)
gpm gallons per minute
H hour(s)
ha hectare(s)
HACCP Hazard Analysis Critical Control Points




IAC Industry Advisory Council

in inch(es)

INAD Investigational New Animal Drug

ISU Illinois State University
lowa State University

kg kilogram(s)

L liter(s)

Ib pound(s)

LMSFH Lake Mills State Fish Hatchery

Lpm liters per minute

m, m® meter, cubic meter

m micrometer

mg milligram(s)

min minute(es)

mm millimeter(s)

MSU Michigan State University

N number

NADA New Animal Drug Applications

NCC National Coordinating Council

NCR North Central Region

NCRAC North Central Regional Aquaculture Center

NDSU North Dakota State University

OAA Ohio Aquaculture Association

osuU Ohio State University

0z ounce(s)

P probability

POW Plan of Work

ppm parts per million

PREC Piketon Research and Extension Center

Purdue Purdue University

RAC(s) Regional Aquaculture Center(s)

SIUC Southern Illinois University-Carbondale

TC Technical Committee (TC/E = Technical Committee/Extension; TC/R = Technical
Committee/Research)

TN total nitrogen

TP total phosphorus

TSS total suspended solids

UM University of Missouri

UMESC Upper Midwest Environmental Sciences Center

USDA U.S. Department of Agriculture

USEPA U.S. Environmental Protection Agency

UW-Madison |University of Wisconsin-Madison

UW- University of Wisconsin-Milwaukee

Milwaukee

YOY young-of-the-year

yr year(s)

1. NCRAC has funded eight Extension projects. The first three were chaired by Donald
L. Garling, the fourth project was chaired by Fred P. Binkowski and projects 5-8 chaired
by Joseph E. Morris. A Project Component Termination Report for one of the objectives



of the fifth Extension project is contained in the 1997-98 Annual Progress Report. The
eighth project is a 2-year project that began September 1, 2001.

2. NCRAC has funded four Extension/Marketing projects. Termination reports for the
first two projects are contained in the 1989-1996 Compendium Report; a termination
report for the third project is contained in the 1996-97 Annual Progress Report. The first
project was chaired by Donald W. Floyd; the second was chaired by Leroy J. Hushak;
and the third was chaired by Patrick D. O'Rourke. This progress report is for the fourth
Economics/Marketing project which is chaired by Edward M. Mahoney. It was originally
a 2-year project that began September 1, 1999 but has been lengthened for no additional
cost.

3. NCRAC has funded eight Yellow Perch projects. Termination reports for the first three
projects are contained in the 1989-1996 Compendium Report; a termination report for the
fourth and fifth projects is contained in the 1997-98 Annual Progress Report; a project
component termination report for two objectives of the sixth project is contained in the
1999-00 Annual Progress Report; and a project component termination report for the
remainder of the sixth project and the seventh Yellow Perch project is contained in the
2000-01 Annual Progress Report. This progress report is for the eighth Yellow Perch
project which is chaired by Jeffrey A. Malison. It is a 3-year project that began
September 1, 2001.

4. Sunny Meadow Fish Farm and Willow Creek Aquaculture, who were included in the
Project Outline as non-funded commercial cooperators, have withdrawn from the study.
Red Lake Hatchery has chosen not to participate in the first year of the project.

5. NCRAC has funded seven Hybrid Striped Bass projects. Termination reports for the
first four projects are contained in the 1989-1996 Compendium Report; a project
component termination report for the two research objectives of the fifth project is
contained in the 1997-98 Annual Progress Report; and a termination report for the
remaining objective of the fifth project as well as the objectives of the sixth project is
contained in the 2000-01 Annual Progress Report. The first five projects were all chaired
by Christopher C. Kohler and the sixth project was chaired by Joseph E. Morris. This
progress report is for the seventh Hybrid Striped Bass project which is chaired by
Christopher C. Kohler. It is a 3-year project that began September 1, 2001.

6. NCRAC has funded seven Walleye projects. Termination reports for the first, third,
and Objective 1 of the fourth projects are contained in the 1989-1996 Compendium
Report; a termination report for the second, fifth, sixth and the remainder of the fourth
projects is contained in the 1996-97 Annual Progress Report. This termination report is
for the seventh Walleye project, which was chaired by Konrad Dabrowski. It was a 3-
year project that began September 1, 1999.

7. NCRAC has funded five Sunfish projects. Termination reports for the first two
projects, or components thereof, are contained in the 1989-1996 Compendium Report; a
termination report for the third and fourth projects is contained in the 1998-99 Annual



Progress Report. This project component termination report is for the first of two
objectives of the fifth Sunfish project which was chaired by Robert S. Hayward. It was
originally a 2-year project that began September 1, 1999 but was lengthened for no
additional cost. A progress report for the second objective of the fifth Sunfish project is
contained elsewhere in this annual report.

8. NCRAC has funded five Sunfish projects. Termination reports for the first two
projects, or components thereof, are contained in the 1989-1996 Compendium Report; a
termination report for the third and fourth projects is contained in the 1998-99 Annual
Progress Report; and a termination report for one of the two objectives of the fifth project
is contained elsewhere in this annual report. This progress report is for the second
objective of the fifth Sunfish project which is chaired by Robert S. Hayward. It was
originally a 2-year project that began September 1, 1999 but has been lengthened for no
additional cost.

9. NCRAC has funded three Wastes/Effluents projects. The termination report for the
first project is contained in the 1989-1996 Compendium Report; a termination report for
one of the two objectives of the second project is contained in the 1998-99 Annual
Progress Report, and a termination report for other objective of the second project, which
was chaired by Fred P. Binkowski, is contained in the 1999-00 Annual Progress Report.
This progress report is for the third Wastes/Effluents project which is chaired by Robert
C. Summerfelt. It is a 3-year project that began September 1, 2001.

10. NCRAC has funded two Tilapia projects. A termination report for the first project is
contained in the Annual Progress Report for 1998-1999. This termination report is for the
second Tilapia project which was chaired by Paul B. Brown. It was originally a 2-year
study that began September 1, 1998 but was lengthened for no additional cost.

11. Collaboration with Myron Kloubec, Kloubec Fish Farms, Amana, lowa ended in
2001. Collaboration with Chris Shimp, Grayson Hills Farms, Harrisburg, Illinois ended
July 2001 after completing their participation in Objective 2.

12. NCRAC has funded three Aquaculture Drugs projects. A termination report for the
first project is contained in the 1996-97 Annual Progress Report; a termination report for
the second project is contained in the 1997-98 Annual Progress Report. This termination
report is for the third Aquaculture Drugs project which was chaired by Alan A. Moore. It
was originally a 1-year study that began October 1, 1999 but was expanded and
lengthened for no additional cost.



