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REASON FOR TERMINATION  

The objectives of the project have been completed. 

PROJECT OBJECTIVES  

(1) Conduct a thorough review of computerized scientific literature data bases. 

(2) Obtain relevant scientific papers and review. 

(3) Prepare the environmental impact statement for submission to the Food and Drug 
Administration's (FDA) Center for Veterinary Medicine (CVM). 

PRINCIPAL ACCOMPLISHMENTS 

An environmental impact statement was prepared and submitted to CVM for their review in 
support of submission of a New Animal Drug Application (NADA) for the use of 17-
methyltestosterone (MT) for the sex inversion of newly hatched tilapia. That document described 
the safe use of MT for sex inversion (sex reversal) of early life stages of tilapia (Oreochromis 
spp.) based on a thorough review of the scientific literature and interpretation of data presented in 
the cited papers. Specifically, environmental assessment of the proposed use of MT-treated feed 
for sex inversion of tilapia was addressed. 

The quantity of MT-treated feed ordered by participants in the MT Investigational New Animal 
Drug (INAD) from March 1996 to August 1997 contained 0.48 kg (1.06 lb) of MT. The domestic 
tilapia production is estimated annually by the American Tilapia Association with assistance from 
the USDA Agricultural Statistics Center, and data are reported in the Annual Tilapia Situation and 
Outlook Report. In 1996, it was reported that there was a total of 7,332,396 kg (16,164,894 lb) of 
live tilapia produced in the United States. Assuming all of the marketable tilapia production was 
treated with MT, this would require approximately 30,787,000 fry to be sex reversed. The quantity 
of MT needed to sex reverse this number of fish is 1.3 kg (2.9 lb). 



The largest tilapia farms in the United States each sex inverse approximately 4-5 million tilapia 
per year. Taking a worst case scenario, where all water used to hold fish during treatment is 
discharged, the following estimate of MT released into the environment was made. For batches of 
approximately 180,000 fish being treated on a biweekly basis, with an effluent water flow of 63.1 
L/min (16.7 gal/min), the quantity of MT released in the effluent would be 4.4 g/L (parts per billion; 
ppb) soon after feeding and 80 ng/L (parts per trillion; ppt) just before the next feeding. 

Fate of MT in the environment is not well documented. One study determined that a 17 g/L (ppb) 
testosterone dose added to a recirculating system without fish was below detectable levels after 
18 h. Environmental impacts of MT on non-target organisms were not documented in the 
literature. When tilapia with undifferentiated gonads were held in recirculating water where other 
fish were being fed MT, sex ratios were altered. 

It was found that MT use for sex reversal of tilapia represents only a small fraction of MT use in 
the United States. The majority is used in human and veterinary medicine. 

IMPACTS 

The direct review submission to FDA is an essential component in preparing a NADA package for 
the FDA approval of MT. By being able to prepare a literature review on the environmental 
aspects of MT use with tilapia, much effort and expense may have been avoided. The review 
identified areas where the literature was weak in documenting environmental aspects regarding 
the use of MT. 

RECOMMENDED FOLLOW-UP ACTIVITIES 

The submission of the environmental impact statement for the use of MT for the sex inversion of 
newly hatched tilapia is a significant step forward towards approval of a NADA for that compound. 
The impacts that were identified were considered to be minor but that was based on a minimal 
amount of documentation. Additional studies may be required to answer questions not well 
documented in the literature. Specific studies regarding the fate of MT in the environment and its 
effect on non-target animals may be required. 

PUBLICATIONS 

See the Appendix under Aquaculture Drugs.  
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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, Iowa 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, Iowa 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, Iowa State University, 
Ames. 

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

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

Morris, J.E., and C.C. Kohler. In review. Pond culture of hybrid striped bass fingerlings in the 
Midwest. NCRAC Fact Sheet Series #107, NCRAC Publications Office, Iowa State University, 
Ames. 

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

Mittelmark, J. In review. Fish health management. NCRAC Fact Sheet Series #109, NCRAC 
Publications Office, Iowa State University, Ames. 

Riepe, J.R. In review. Managing feed costs: limiting delivered price paid. NCRAC Fact Sheet 
Series #110, NCRAC Publications Office, Iowa 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, Iowa State University, Ames. 

Morris, J.E. In review. Plankton management for fish culture ponds. NCRAC Fact Sheet Series 
#112, NCRAC Publications Office, Iowa 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, Iowa 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, Iowa 
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, Iowa 
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, Iowa 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, Iowa 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, 
Iowa State University, Ames. 

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

Swann, L., J. Morris, and D. Selock. 1995. Cage culture of fish in the North Central Region. 
NCRAC Technical Bulletin Series #110, NCRAC Publications Office, Iowa 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, 
Iowa 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, Iowa 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, Iowa 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, 
Iowa State University, Ames. 

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

Kayes, T.B. In production. Spawning and propagating yellow perch. VHS format, 45 min. NCRAC 
Video Series, NCRAC Publications Office, Iowa State University, Ames. 

NCRAC Culture Series 

Summerfelt, R., editor. 1996. Walleye culture manual. NCRAC Culture Series #101, NCRAC 
Publications Office, Iowa 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 
II). VHS format, 41 min. Cooperative Extension, Institute of Agriculture and Natural Resources, 
University of Nebraska-Lincoln. 

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, Iowa State University, Ames. 

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) 

Aquaculture 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) 

Aquaculture 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) 

Aquaculture 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) 

AquaNIC. 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)  

Proceedings 

Garling, D.L., editor. 1991. Proceedings of the North Central Regional Aquaculture Conference. 
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) 

ECONOMICS AND 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, Iowa 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, Iowa 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. 

O'Rourke, P.D. 1996. Economic analysis for walleye aquaculture enterprises. Pages 135-145 in 
R.C. Summerfelt, editor. The walleye culture manual. NCRAC Culture Series #101, NCRAC 
Publications Office, Iowa State University, Ames. 

O'Rourke, P.D. 1996. The economics of recirculating aquaculture systems. In Proceedings of 
successes and failures in commercial recirculating aquaculture, Roanoke, Virginia, July 19-21, 
1996. 

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, Iowa 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, 
Iowa State University, Ames. 

Riepe, J.R. 1997. Yellow perch markets in the North Central Region: results of a 1996/97 survey. 
Office of Agricultural Research Programs, Department of Agricultural Economics, Purdue 
University, West Lafayette, Indiana. 

Thomas, S.K. 1991. Industry association influence upon state aquaculture policy: a comparative 
analysis in the North Central Region. Master's thesis. Ohio State University, Columbus. 

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, Iowa 
State University, Ames. 

Thomas, S.K., R.L. Vertrees, and D.W. Floyd. 1991. Association influence upon state aquaculture 
policy -- a comparative analysis in the North Central Region. The Ohio Journal of Science 
91(2):54. 
Tudor, K.W., R.R. Rosati, P.D. O'Rourke, Y.V. Wu, D. Sessa, and P. Brown. 1996. Technical and 
economical feasibility of on-farm fish feed production using fishmeal analogs. Journal of 
Aquacultural Engineering 15(1):53-65. 

Manuscripts 

Riepe, J.R. In review. Managing feed costs: limiting delivered price paid. NCRAC Fact Sheet 
Series #110, NCRAC Publications Office, Iowa State University, Ames. 

Papers Presented 

Brown, G.J., and L.J. Hushak. 1991. The NCRAC producers survey and what we have learned: 
an interim report. First North Central Regional Aquaculture Conference, Kalamazoo, Michigan, 
March 18-21, 1991. 

Foley, P., R. Rosati, P.D. O'Rourke, and K. Tudor. 1994. Combining equipment components into 
an efficient, reliable, and economical commercial recirculating aquaculture system. 25th Annual 
Meeting of the World Aquaculture Society, New Orleans, Louisiana, January 12-18, 1994. 

Gleckler, D.P., L.J. Hushak, and M.E. Gerlow. 1991. Distribution channels for wild-caught and 
farm-raised fish and seafood. First North Central Regional Aquaculture Conference, Kalamazoo, 
Michigan, March 18-21, 1991. 

Kohler, S.T. 1995. Hybrid striped bass cost of production. North Central Regional Aquaculture 
Center Hybrid Striped Bass Workshop, Champaign, Illinois, November 2-4, 1995. 

O'Rourke, P.D. 1995. Profitability and volume-cost business analysis tools for the aquaculture 
enterprise. Presented at Illinois-Indiana Aquaculture Conference and North Central Regional 
Aquaculture Center Hybrid Striped Bass Workshop, Champaign, Illinois, November 2-4, 1995. 

O'Rourke, P.D. 1996. The economics of recirculating aquaculture systems. Conference on 
Successes and Failures in Commercial Recirculating Aquaculture, Roanoke, Virginia, July 19-21, 
1996. 



O'Rourke, P.D., and A.M.T. Edon. 1995. Economic analysis of advanced walleye fingerling 
production in an intensive recirculating system. Combined North Central and Ninth Annual 
Minnesota Aquaculture Conference and Tradeshow (Second North Central Regional Aquaculture 
Conference), Minneapolis, Minnesota, February 17-18, 1995. 

O'Rourke, P.D., K. Tudor, and R. Rosati. 1994. The selection and use of economic tools in the 
aquacultural engineering decision making process to determine the comparative costs of 
alternate technical solutions. 25th Annual Meeting of the World Aquaculture, New Orleans, 
Louisiana, January 12-18, 1994. 

O'Rourke, P.D., K. Tudor, and R. Rosati. 1994. Economic risk analysis of production of tilapia 
(Oreochromis niloticus) in a modified Red Ewald-style recirculating system operated under 
commercial conditions. 25th Annual Meeting of the World Aquaculture Society Silver Anniversary 
Meeting, New Orleans, Louisiana, January 12-18, 1994. 

Riepe, J.R. 1994. Production economics of species cultured in the North Central Region. Animal 
Science, AS-495, one-week summer course "Aquaculture in the Midwest," Purdue University, 
West Lafayette, Indiana, June 13-17, 1994. 

Riepe, J.R. 1994. Getting started in commercial aquaculture: economics. Workshop on Getting 
Started in Commercial Aquaculture Raising Crayfish and Yellow Perch, Jasper, Indiana, October 
14-15, 1994. 

Riepe, J.R. 1997. Revisiting retail and wholesale markets (walleye and yellow perch). Third North 
Central Regional Aquaculture Conference, Indianapolis, Indiana, February 6-7, 1997. 

Riepe, J.R., J. Ferris, and D. Garling. 1995. Economic considerations in yellow perch 
aquaculture. Yellow Perch Aquaculture Workshop, Spring Lake, Michigan, June 15-16, 1995. 

Robinson, M., D. Zepponi, and B.J. Sherrick. 1991. Assessing market potential for new and 
existing species in the North Central Region. First North Central Regional Aquaculture 
Conference, Kalamazoo, Michigan, March 18-21, 1991. 

Rosati, R., P.D. O'Rourke, K. Tudor, and P. Foley. 1994. Production of tilapia (Oreochromis 
niloticus) in a modified Red Ewald-style recirculating system when operated under commercial 
conditions. 25th Annual Meeting of the World Aquaculture Society, New Orleans, Louisiana, 
January 12-18, 1994. 

Rosati, R., P.D. O'Rourke, K. Tudor, and P. Foley. 1994. Technical and economical 
considerations for the selection of oxygen incorporation devices in a recirculating aquaculture 
system. 25th Annual Meeting of the World Aquaculture Society, New Orleans, Louisiana, January 
12-18, 1994. 

Tudor, K., R. Rosati, P.D. O'Rourke, Y. V. Wu, D. Sessa, and P. Brown. 1994. Technical and 
economical feasibility of on-farm fish feed production using fishmeal analogs. 25th Annual 
Meeting of the World Aquaculture Society, New Orleans, Louisiana, January 12-18, 1994. 

YELLOW PERCH 

Publications in Print 



Brown, P.B., and K. Dabrowski. 1995. Zootechnical parameters, growth and cannibalism in mass 
propagation of yellow perch. In Kestamount, P., and K. Dabrowski, editors. Workshop on 
aquaculture of percids. Presses Universitaires de Namur, Namur, Belgium. 

Brown, P.B., K. Dabrowski, and D.L. Garling. 1995. Nutritional requirements and commercial 
diets for yellow perch. In Kestamount, P., and K. Dabrowski, editors. Workshop on aquaculture of 
percids. Presses Universitaires de Namur, Namur, Belgium. 

Brown, P.B., K. Dabrowski, and D.L. Garling, 1996. Nutrition and feeding of yellow perch (Perca 
flavescens). Journal of Applied Ichthyology 12:171-174. 

Dabrowski, K., and D.A. Culver. 1991. The physiology of larval fish: digestive tract and 
formulation of starter diets. Aquaculture Magazine 17:49-61. 

Dabrowski, K., D.A. Culver, C.L. Brooks, A.C. Voss, H. Sprecher, F.P. Binkowski, S.E. Yeo, and 
A.M. Balogun. 1993. Biochemical aspects of the early life history of yellow perch (Perca 
flavescens). Pages 531-539 in Proceedings of the International Fish Nutrition Symposium, 
Biarritz, France, June 25-27, 1991. 

Glass, R.J. 1991. The optimum loading and density for yellow perch (Perca flavescens) raised in 
a single pass, flow-through system. Master's thesis. Michigan State University, East Lansing. 

Malison, J.A., and M.A.R. Garcia-Abiado. 1996. Sex control and ploidy manipulations in yellow 
perch (Perca flavescens) and walleye (Stizostedion vitreum). Journal of Applied Ichthyology 
12:189-194. 

Malison, J.A., and J.A. Held. 1992. Effects of fish size at harvest, initial stocking density and tank 
lighting conditions on the habituation of pond-reared yellow perch (Perca flavescens) to intensive 
culture conditions. Aquaculture 104:67-78. 

Malison, J., and J. Held. 1995. Lights can be used to feed, harvest certain fish. Feedstuffs 
67(2):10. 

Malison, J.A., T.B. Kayes, J.A. Held, T.B. Barry, and C.H. Amundson. 1993. Manipulation of 
ploidy in yellow perch (Perca flavescens) by heat shock, hydrostatic pressure shock, and 
spermatozoa inactivation. Aquaculture 110:229-242. 

Malison, J.A., L.S. Procarione, J.A. Held, T.B. Kayes, and C.H. Amundson. 1993. The influence 
of triploidy and heat and hydrostatic pressure shocks on the growth and reproductive 
development of juvenile yellow perch (Perca flavescens). Aquaculture 116:121-133. 

Twibell, R.G., and P.B. Brown. 1997. Dietary arginine requirement of juvenile yellow perch. 
Journal of Nutrition 127:1838-1841. 

Manuscripts 

Kolkowski, S., and K. Dabrowski. Accepted. Off-season spawning of yellow perch. Progressive 
Fish-Culturist. 

Malison, J.A., J.A. Held, M.A.R. Garcia-Abiado, and L.S. Procarione. In review. The influence of 
triploidy and heat and hydrostatic pressure shocks on the growth and reproductive development 
of perch (Perca flavescens) reared to adult size under selected environmental conditions. 
Aquaculture. 



Malison, J.A., J.A. Held, D.L. Northey, and T.E. Kuczynski. In preparation. Habituation of yellow 
perch (Perca flavescens) fingerlings to formulated feeds in ponds using lights and vibrating 
feeders. Progressive Fish-Culturist. 

Twibell, R.G., K.A. Wilson, and P.B. Brown. In review. Dietary sulfur amino acid requirement and 
cystein replacement value for juvenile yellow perch. Journal of Nutrition. 

Papers Presented 

Batterson, T., R. Craig, and R. Baldwin. 1995. Advancing commercial aquaculture development in 
the North Central Region. Yellow Perch Aquaculture Workshop, Spring Lake, Michigan, June 15-
16, 1995. 

Binkowski, F. 1995. Intensive yellow perch fry rearing. Yellow Perch Aquaculture Workshop, 
Spring Lake, Michigan, June 15-16, 1995. 

Brown, P.B. 1994. Yellow perch culture in the Midwest. Vocational Agriculture Training 
Workshop, Greencastle, Indiana. 

Brown, P.B. 1997. Recent developments in perch nutrition. Martinique '97, Island and Tropical 
Aquaculture, Les Trois Ilets, Martinique, French West Indies, May 4-9, 1997. 

Brown, P.B., and K. Dabrowski. 1995. Zootechnical parameters, growth and cannibalism in mass 
propagation of yellow perch. Workshop on Aquaculture of Percids, Vaasa, Finland, August 21-25, 
1995. 

Brown, P.B., K. Dabrowski, and D. Garling. 1995. Nutritional requirements and commercial diets 
for yellow perch. Workshop on Aquaculture of Percids, Vaasa, Finland, August 21-25, 1995. 

Brown, P.B., and R.G. Twibell. 1997. Dietary arginine requirement of juvenile yellow perch. 28th 
Annual Meeting of the World Aquaculture Society, Seattle, Washington, February 19-23, 1997. 

Brown, P.B., K. Wilson, J. Wetzel, J. Mays, F. Binkowski, and S. Yeo. 1994. Culture 
characteristics of juvenile yellow perch (Perca flavescens) from different geographical locales 
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APPENDIX 

1. NCRAC has funded five Extension projects, the first three of which were chaired by Donald L. 
Garling. The fourth project was chaired by Fred P. Binkowski. A fifth 2-year project, which began 
September 1, 1995 and ended August 31, 1997, was chaired by Joseph E. Morris.  

2. NCRAC has funded three Economics and Marketing projects. This termination report is for the 
third project that was chaired by Patrick D. O'Rourke.  

3. This progress report is for the fourth and fifth Yellow Perch projects funded by NCRAC. Both 
projects chaired by Jeffrey A. Malison. The fifth project continues and expands upon work 
undertaken in the fourth project. It is a 2-year study that began September 1, 1995 and concluded 
on August 31, 1997.  

4. NCRAC has funded five Hybrid Striped Bass projects. This progress report is for the fifth 
project which is chaired by Christopher C. Kohler. The project continues and expands upon the 
first four projects. It began on September 1, 1995 and was scheduled to end on August 31, 1997.  

5. NCRAC has funded six Walleye projects. This project component termination report covers all 
of the second Walleye project and Objective 2 of the fourth project. Objective 2 of the fourth 
project expanded upon the work of the second project. Robert C. Summerfelt chaired the second 
Walleye project, a 2-year study, and Jeffrey A. Malison chaired the fourth Walleye project, a 1-
year study.  

6. NCRAC has funded six Walleye projects. This project component termination report covers two 
of the three objectives (Objectives 1 and 3) contained in the project outline for the fifth Walleye 
project. The third objective (Objective 2 in the project outline) was continued and completed in the 
sixth Walleye Project. The fifth Walleye project was a 2-year project that was chaired by Robert 
C. Summerfelt.  

7. NCRAC has funded six Walleye projects. This project component termination report covers 
Objective 2 of the fifth project and all of the sixth project. Objective 2 of the fifth project was 
continued in the sixth project (Objective 4) where is it was completed. Both the fifth and sixth 
projects were 2-year projects. The fifth project began September 1, 1993; the sixth project began 
September 1, 1995. Robert C. Summerfelt chaired the fifth project and the last three months of 
the sixth project; Terrence B. Kayes chaired the first 21 months of the sixth project.  

8. NCRAC has funded four Sunfish projects. This progress report is for the third and fourth 
projects. These projects continue and build upon the first two projects. Donald L. Garling chaired 
the third project and Robert J. Sheehan chairs the fourth project. Charlie Stevens was appointed 
to serve as the Industry Advisory Council Liaison for the fourth project.  



9. NCRAC has funded three Salmonid projects with the first beginning June 1, 1990. The first 
project initiated work on developing less-polluting diets. That work continued in the second and 
third projects. Work on using high rearing densities began in the second project and continued in 
the third. Paul B. Brown chaired the first and second projects; Ronald R. Rosati chaired the third 
project until he left Illinois State University after which Terence B. Barry became chair.  

10. NCRAC has provided funding along with the four other Regional Aquaculture Centers for two 
national aquaculture extension meetings; the first was called a National Aquaculture Extension 
Workshop whereas the second was called a National Aquaculture Extension Conference. This 
termination report is for the second meeting which was held April 8-12, 1997 in Annapolis, 
Maryland. 

11. NCRAC has funded two Wastes/Effluents Projects. This progress report is for the second 
project which is a 2-year study that began September 1, 1996 and is chaired by Fred P. 
Binkowski.  

12. Ted R. Batterson serves as the facilitator for this multi-year project interacting with a steering 
committee in overseeing the Coordinator's activities.  

13. NCRAC has funded only one Tilapia project to date. This is a 2-year project that began 
September 1, 1996 and is chaired by Donald L. Garling.  

14. NCRAC has funded several projects on "Aquaculture Drugs," this being one of them. This 
project is chaired by Christopher C. Kohler.  

15. NCRAC has funded several projects on "Aquaculture Drugs," this being one of them. This 
project was co-chaired by Ronald P. Phelps and Bartholomew W. Green.  
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