NORTH CENTRAL
REGIONAL AQUACULTURE CENTER

ANNUAL PROGRESS REPORT 1998-99
FEBRUARY 2000




ANNUAL PROGRESS REPORT

For the Period
September 1, 1998 to August 31, 1999

February 2000

North Central Regional Aquaculture Center
13 Natural Resources Building
Michigan State University
East Lansing, M| 48824-1222
Telephone: (517) 353-1962 FAX: (517) 353-7181
Web site: http://ag.ansc.purdue.edu/aguanic/ncrac



A table of commonly used abbreviations and acronyms can be found inside the back cover.



NORTH CENTRAL REGIONAL AQUACULTURE CENTER

TABLE OF CONTENTS
INTRODUCTION ..ottt e et e e 1
ORGANIZATIONAL STRUCTURE ...t e e 2
ADMINISTRATIVE OPERATIONS . .. oo e 3
PROJECT REPORTING . . o ot e e e e e e 4
TABLE 1 (North Central Regiona Aquaculture Center funded projects) . .................... 5
PROJECT TERMINATION OR PROGRESSREPORTS ... ... .o 7
EXtenson (Progress REPOIT) . . ..ottt 9
Yellow Perch (Progress Report for the 6" Project) ............cooiiiiiiiiiinan... 19
Yellow Perch (Progress Report for the 7" Project) ..., 27
Hybrid Striped Bass (ProgressReport) ... ...t 31
Sunfish (Project Termination REPOIt) . .. ..o oot 35
SAMONIAS (ProgreSS REPOIT) . . . . oot e 43
North Centra Regiona Aquaculture Conference (Project Termination Report) ............ 49
Wastes/Effluents (Project Component Termination Report) . ......................... 51
WastesEffluents (ProgresS REpOrt) . .. ..ot e 53
Nationa Aquaculture INAD/NADA Coordinator (ProgressReport) .................... 61
Tilgpia(Project Termination RePOrt) . ... e 77
Tilgoia(ProgressS REDOIt) . ..ot e 83
White Papers (Progress ReEPOrt) .. ..ot e e e e 87
APPENDIX A (Publications, Manuscripts, Papers Presented, and Other Outputs for dl Funded
0] = o 1) 89
EXIENION . . . 91
Economicsand Marketing . . ... 95
Yl oW ParCh . .. 98
Hybrid SIped Bass . . . ..o 104
Wl e . . 108
QUM SN . L 115
SAMONIAS . . 118
North Centra Regional Aquaculture Conferences .. ...t 121
National Aquaculture Extenson Workshop/Conference . .........oviiiiinennnn.n, 121
Ay I . . 121
Batfign. .. 122
WastedEflUEntS . . . ..o 123
Nationa Aquaculture INAD/NADA Coordinator .. .......coviuie i 124
11 o - 129
AQUECUITUIEDIIUGS . . . o e ettt e e e e e e e e e e e e e e e e e 131
White PaPe S . . . oo 131
APPENDIX B (StrategiCc Plan) . ... .o 133

Annual Progress Report 1998-99 Pagei



NORTH CENTRAL REGIONAL AQUACULTURE CENTER

Annual Progress Report 1998-99 Page ii



NORTH CENTRAL REGIONAL AQUACULTURE CENTER

INTRODUCTION

The U.S. aguaculture indugtry is an important
sector of U.S. agriculture. Production in 1997
reached 768 million pounds and generated

approximately $934 million for producers. Y,

anticipated growth in the indudtry, both in
magnitude and in species diversity, continues to
fal short of expectations.

Much of what is known about aquaculture
scienceisaresult of inditutiond atention given
to our traditiona capture of wild fisheries with
the god of rdleasing cultured fishes into public
waters for enhancement of declining public
gocks. Despite extensve efforts to manage
wild populations for a sustained yield, asa
nation we consume substantialy grester
amounts than we produce. Much of the United
States' demand for seafood has been met by
imports. The vadue of imported fisheries
products more than doubled during the 1980s
and has continued to increase in the 1990s. In
fact, the $15.6 billion value for 1998 was a
record. In 1998, the trade deficit was $6.9
billion for dl fisheries products, $5.9 hillion of
which was for edible fish and shdllfish.

Landings for most commercid capture fisheries
gpecies and recregtiona fisheries of the United
States have been rlatively stable during the last
decade, with many fish stocks being over
exploited. In this Stuation, aguaculture
provides an opportunity to reduce the trade
deficit and meet therising U.S. demand for fish
products. A strong domestic aguaculture
industry is needed to increase U.S. production
of fish and shdllfish. This can be achieved by a
partnership among the Federd Government,
State and local public indtitutions, and the
private sector with expertise in aquaculture
development.

Congress recognized the opportunity for
making sgnificant progressin aguaculture
development in 1980 by passage of the
National Aquaculture Act (P.L. 96-362).

Congress amended the Nationa Agricultura
Research, Extenson, and Teaching Policy Act
of 1977 (P.L. 95-113) in Title XIV of the
Agriculture and Food Act of 1981 (P.L. 97-
98) by granting authority to establish
aguaculture research, development, and
demondration centersin the United Statesin
association with colleges and universties, State
Depatments of Agriculture, Federd facilities,
and non-profit private research ingtitutions.
Five such centers have been established: onein
each of the northeastern, north central,
southern, western, and tropical/subtropical
Pecific regions of the country. The 1996
Federa Agriculture Improvement and Reform
Act (FAIR) (P.L. 104-127) otherwise known
as the Farm Bill, has reauthorized the Regiond
Aquaculture Center program a $7.5 million per
annum. Asused here, a center refersto an
adminidrative center. Centers do not provide
monies for brick-and-mortar devel opment.
Centers encourage cooperative and
collaborative aguaculture research and
extension educationd programsthat have
regiond or nationd gpplication. Center
programs complement and strengthen other
existing research and extension educationa
programs provided by the U.S. Department of
Agriculture (USDA) and other public
inditutions. Asamatter of policy, centers
implement their programs by using ingtitutiond
mechanisms and linkages that are in place in the
public and private sector.

The misson of the Regiond Aquaculture
Centers (RACs) isto support aquaculture
research, development, demonstration, and
extension education to enhance viable and
profitable U.S. aguaculture production which
will benefit consumers, producers, service
indudtries, and the American economy.

The North Centrd Regiona Aquaculture
Center (NCRAC) was established in February
1988. It serves asafoca point to assess
needs, establish priorities, and implement
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NORTH CENTRAL REGIONAL AQUACULTURE CENTER

research and extension educationa programsin
the twelve gate agriculturd heartland of the
United States which includes Illinois, Indiana,
lowa, Kansas, Michigan, Missouri, Minnesota,
Nebraska, North Dakota, Ohio, South Dakota,
and Wisconsn. NCRAC dso provides
coordination of interregiona and nationa
programs through the Nationd Coordinating
Council for Aquaculture (NCC). The council is
composed of the RAC directors and USDA
aquaculture personnel.

ORGANIZATIONAL

STRUCTURE

Michigan State University (MSU) and lowa
State University (1SU) work together to
develop and administer programs of NCRAC
through a memorandum of understanding.
MSU isthe prime contractor for the Center and
has adminidrative reponsbilitiesfor its
operation. The Director of NCRAC islocated
a MSU. ISU sharesin |leadership of the
Center through an office of the Associate
Director who is responsible for all aspects of
the Center's publications, technology transfer,
and outreach activities.

At the present time the staff of NCRAC at
MSU includes Ted R. Batterson, Director, and
Liz Bartds, Executive Secretary. The Center
Director has the following responshilities:

» Sarving as executive secretary to the Board
of Directors, responsible for preparing
agenda and minutes of Board mestings,

» Sarving as an ex-officio (non-voting)
member of the Technica Committee and
Industry Advisory Council;

» Coordinating the development of research
and extenson plans, budgets, and
proposals;

» Coordinating and facilitating interactions
among the Adminigrative Center, Board of
Directors, Industry Advisory Council, and
Technicd Committee;

» Monitoring research and extenson
activities,

» Arranging for review of proposalsfor
technicd and scientific merit, feesibility, and
goplicability to priority problemsand
preparing summary budgets and reports as
required,

» Recruiting other Adminigrative Center saff
as authorized by the Board of Directors,

» Maintaning liaison with other RACs, and

» Serving onthe NCC.

At the present time the taff of NCRAC's
Office for Publications and Extenson Programs
at 1SU includes Joseph E. Morris, Associate
Director. The Associate Director hasthe
following respongbilities:

» Coordingting, facilitating, and executing
regiona aguaculture extension program
activities,

» Serving as head of Publications for
NCRAC, including editor of the fact sheet,
technica bulletin, culture manud, and video
seriesaswell as of the NCRAC
Newd etter;

» Saving asthe NCRAC liaison with
national aguaculture extenson programs,
including in particular, extenson programs
of the other four USDA Regiond
Aquaculture Centers, and

» Serving asamember of NCRAC's
Extenson Executive Committee.

The Board of Directors (BOD) isthe primary
policy-making body of the NCRAC. The
BOD has established an Industry Advisory
Council (IAC) and Technica Committee (TC).
Membership of the BOD consists of four
persons from the IAC, arepresentative from
the region's State Agricultura Experiment
Stations and Cooperative Extension Services, a
member from anon-land grant university,
representatives from the two universities
responsible for the center: Michigan State and
lowa State, and chairs of the two
subcommittees of the Center’s Technica
Committee. The IAC iscomposed of
representatives from each state' s aguaculture
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association and Six at-large members gppointed
by the BOD who represent various sectors of
the aguaculture industry and the region asa
whole. The TC is composed of a sub-
committee for Extenson (TC/E) and a sub-
committee for Research (TC/R). Directors of
the Cooperative Extenson Service within the
North Central Region gppoint representatives
to the TC/E. The TC/R has broad regiond
make-up and is composed of scientists from
universities and date agencies with varied
aguacultural expertise who are gppointed by
the BOD. Each sub-committee of the TC hasa
chairperson who serves as a member of the
BOD.

NCRAC functions in accordance with its
Operations Manual whichis periodicaly
amended and updated with BOD approval. It
is an evolving document that has changed as the
Center's higtory lengthens. It isused for the
development of the cooperative regiona
aquaculture and extension projects that
NCRAC funds.

ADMINISTRATIVE

OPERATIONS

Since inception of NCRAC February 1, 1988,
the role of the Adminidirative Center has been
to provide al necessary support servicesto the
BOD, IAC, TC, and project work groups for
the North Centra Region aswell as
representing the region onthe NCC. Asthe
scope of the NCRAC programs expand, this
has entailed a greater work load and continued
need for effective communication among al
components of the Center and the aquaculture
community.

The Center functionsin the following manner.

» After BOD gpprova of Adminidretive
Center costs, the Center submits agrant to
USDA/CSREESGrants Management
Branch for approval. To date the Center
has received 12 grants from USDA for
FY 88 (Grant #38-38500-3885), FY 89

(Grant #89-38500-4319), FY 90 (Grant
#90-38500-5008), FY 91 (Grant #91-
38500-5900), FY 92 (Grant #92-38500-
6916), FY 93 (Grant #93-38500-8392),
FY 94 (Grant #94-38500-0048), FY 95
(Grant #95-38500-1410), FY 96 (Grant
#96-38500-2631), FY 97 (#97-38500-
3957), FY 98 (#98-38500-5863), and

FY 99 (#99-38500-7376) with monies
totaing $8,702,981. Currently, five grants
are active (FY 95-99); the first seven grants
(FY 88-94) have terminated.

» The Center annually coordinates a program
planning meeting which sets priorities for
the next funding cycle and cdls for
development of project outlines to address
priority problem aress.

» Work Groups are formed which submit
project outlines to the Center. The projects
are peer reviewed by experts from both
within and outsde the region.

» TheBOD, usng reviewers responses,
decides which projects are to be approved
and funding levels. The Center conveys
BOD decisonsto al Project Work
Groups. Those that are approved for
funding are asked to submit revised project
outlines incorporating BOD and reviewers
comments.

» The Center then submits the revised project
outlines as a Plan of Work (POW) to
USDA for gpprovd.

» OnceaPOW isapproved by USDA, the
Center then prepares subcontracts for each
participating inditution. The Center
receives dl invoices for subcontractud
agreements and prepares payment
vouchers for rembursement. Thus, the
Center staff serve asfiscd agentsfor both
receiving and disbursaing fundsin
accordance with dl terms and provisions of
the grants.

Through August 31, 1999, the Center has
funded or is funding 49 projects through 295
subcontracts from the first eeven grants
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received. Funding for these Center supported
projectsis summarized in Table 1 below (pages
5-6).

During this reporting period, the Publications
Office at 1SU produced and distributed a
number of publicationsincluding fact sheets,
technica bulletins, videos, and the Center’s
newdetter. A completeligt of dl publications
from this office isincluded in Appendix A under
Extenson.

Other areas of support by the Administrative
Office during this reporting period included:
monitoring research and extension activities and
developing progress reports, developing
liaisons with gppropriate inditutions, agencies
and clientele groups, soliciting, in coordination
with the other RACs, written testimony for the
U.S. House Appropriations Subcommittee on
Agriculture, Rurd Development, Food and
Drug Adminigration, and Related Agencies and
the U.S. Senate Appropriations Subcommittee
on Agriculture, Rurd Deveopment, and
Related Agencies, participating in the NCC,;
numerous ora and written presentations to both
professond and lay audiences; working with
other fisheries and aguaculture programs
throughout the North Centrdl Region; in
conjunction with the Aquaculture Network
Information Center (AquaNIC) maintaining a
NCRAC Web site
(ag.ansc.purdue.edu/aguanic/nerac); and
findizing a Strategic Plan which is contained in
Appendix B (dso available at the Center’s
Web ste). During this reporting period a

sgnificant amount of time and energy was
devoted to the development and findization of
the Strategic Plan which will serveasa
roadmap for the Center asit movesinto the
next millennium.

PROJECT REPORTING

Asindicated in Table 1, NCRAC hasfunded a
number of projects for many of the project
aress it has selected for research and extenson
activities. For example, there have been six
separately funded projectsin regard to
Extenson, Hybrid Striped Bass, and Walleye.
Project outlines have been written for each
Separate project within an area, or the project
areaitsdf if only one project. These project
outlines have been submitted in POWs or
amendments to POWSs for the grants as
indicated in Table 1. Many times, the projects
within a particular area are continuations of
previoudy funded activitieswhile a other times
they are addressing new objectives. Presented
below are Progress or Termination Reports
mogtly for projects that were underway or
completed during the period September 1,
1998 to August 31, 1999. Projects, or Project
components, that terminated prior to
September 1, 1998 have been reported on in
earlier documents (e.g., 1989-1996
Compendium Report and other Annud
Progress Reports).

A cumulative lig of dl publications,
manuscripts, papers presented, or other outputs
for al funded NCRAC project areasis
contained in Appendix A.
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Tablel. North Centrd Regiond Aquaculture Center funded projects.
. Project Proposed Duration Funding

Project Area Number Period Leve Grant Number
Extension 1 5/1/89-4/30/91 $39,221 88-38500-3885
$37,089 89-38500-4319
2 3/17/90-8/31/91 $31,300 89-38500-4319
3 9/1/91-8/31/93 $94,109 91-38500-5900
4 9/1/93-8/31/95 $110,129 91-38500-5900
5 9/1/95-8/31/97 $10,875 92-38500-6916
$21,700 95-38500-1410
6 9/1/97-8/31/99 $40,000 97-38500-3957

$384,423
Economics and Marketing 1 5/1/89-12/31/91 $127,338 88-38500-3885
$34,350 89-38500-4319
2 9/1/91-8/31/92 $53,300 91-38500-5900
3 9/1/93-8/31/95 $40,000 93-38500-8392

$254,988
Yellow Perch 1 5/1/89-8/31/91 $76,957 88-38500-3885
$85,723 89-38500-4319
2 6/1/90-8/31/92 $92,108 90-38500-5008
3 9/1/91-8/31/93 $99,997 91-38500-5900
4 9/1/93-8/31/95 $150,000 93-38500-8392
5 9/1/95-8/31/97 $200,000 95-38500-1410
6 9/1/97-8/31/99 $185,600 97-38500-3957
7 9/1/98-8/31/00 $187,300 98-38500-5863

$1,077,685
Hybrid Striped Bass 1 5/1/89-8/31/91 $68,296 88-38500-3885
$68,114 89-38500-4319
2 6/1/90-8/31/92 $101,000 90-38500-5008
3 9/1/91-8/31/93 $96,550 91-38500-5900
4 9/1/93-8/31/95 $168,000 93-38500-8392
5 9/1/95-8/31/97 $150,000 95-38500-1410
6 6/1/99-5/31/00 $15,000 96-38500-2631

$666,960
Walleye 1 5/1/89-8/31/91 $177,517 89-38500-4319
2 6/1/90-8/31/92 $111,657 90-38500-5008
3 9/1/91-8/31/92 $109,223 91-38500-5900
4 9/1/92-8/31/93 $75,000 89-38500-4319
5 9/1/93-8/31/95 $150,000 93-38500-8392
6 9/1/95-8/31/97 $117,395 94-38500-0048
$59,847 95-38500-1410

$800,639
Sunfish 1 6/1/90-8/31/92 $130,758 90-38500-5008
2 9/1/92-8/31/94 $149,799 92-38500-6916
3 9/1/94-8/31/96 $173,562 94-38500-0048
4 9/1/96-9/31/98 $200,000 96-38500-2631

$654,119
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. Project Proposed Duration Funding

Project Area Number Period Level Grant Number
Samonids 1 6/1/90-8/31/92 $9,000 89-38500-4319
$120,799 90-38500-5008
2 9/1/92-8/31/94 $149,997 92-38500-6916
3 9/1/94-8/31/96 $199,290 94-38500-0048
4 9/1/97-8/31/99 $160,000 97-38500-3957

$639,086
NCR Aquaculture Conference 1 6/1/90-3/31/91 $7,000 90-38500-5008
2 12/9/98-6/30/99 $3,000 96-38500-2631

$10,000
National Aquaculture Extension 1 10/1/91-9/30/92 $3,005 89-38500-4319
Workshop/Conference 2 12/1/96-11/30/97 $3,700 95-38500-1410

$6,7005
Crayfish 1 9/1/92-8/31/94 $49,677 92-38500-6916
Baitfish 1 9/1/92-8/31/94 $61,973 92-38500-6916
Wastes/Effluents 1 9/1/92-8/31/94 $153,300 92-38500-6916
2 9/1/96-8/31/98 $100,000 96-38500-2631

$253,300
National Aquaculture INAD/NADA 1 9/1/93-8/31/94 $2,000 89-38500-4319
Coordinator 5/15/95-5/14/96 $5,000 94-38500-0048
5/15/96-5/14/97 $6,669 92-38500-6916
$3,331 95-38500-1410
5/15/97-5/14/98 $15,000 96-38500-2631
5/15/98-5/14/99 $13,241 94-38500-0048
5/15/99-5/14/00 $10,000 95-38500-1410

$55,241
Tilapia 1 9/1/96-8/31/98 $120,000 96-38500-2631
2 9/1/98-5/14/00 $150,000 98-38500-5863

$270,000
Aquaculture Drugs 1 7/1/96-6/30/97 $27,000 95-38500-1410
2 12/1/96-11/30/97 $5,000 95-38500-1410

$32,000
White Papers 1 7/1/98-12/31/98 $5,000 96-38500-2631

2 9/1/99-12/31/99

$17,500 97-38500-3957

$22,500
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NCRAC FUNDING LEVEL: $384,423 (May 1, 1989 to August 31, 1999)

PARTICIPANTS:
Fred P. Binkowski
James M. Ebding
Robert D. Espeseth
Dondd L. Galing
Jeffrey L. Gunderson
F. Robert Henderson
John Hochhelmer
Paul B. Jarvis

Anne R. Kapuscinski
Terrence B. Kayes
David L. Klinkebid
Rondd E. Kinnunen
Christopher C. Kohler
David J. Landkamer
CharlesLee

Frank R. Lichtkoppler
Jerry Mills

Joseph E. Morris
Kenneth E. Nells
Robert A. Piercell
Shawn H. Sanders
Brian R. Stange
Danid A. Sdock
John P. Susher

Fred L. Snyder
LaDon Svann
LauraG.Tiu

EXTENSION!

Progress Report for the Period
May 1, 1989 to August 31, 1999

Univerdty of Wiscondan-Milwaukee
Ohio State University

Univergty of lllinois

Michigan State University
Univergty of Minnesota-Duluth
Kansas State University

Ohio State Universty

North Dakota State University
Univerdty of Minnesota

University of Nebraska-Lincoln
North Dakota State Univergty
Michigan State University

Southern Illinois Univergity-Carbondae
Univerdty of Minnesota

Kansas State University

Ohio State University

Brown County Extenson

lowa State University

Kansas State University

University of Missouri

North Dakota State Univergty
North Dakota State University
Southern Illinois Univergity-Carbondae
University of Missouri

Ohio State Universty

Purdue University

Ohio State Universty

Wisconsin
Ohio

lllinois
Michigan
Minnesota
Kansas

Ohio

North Dakota
Minnesota
Nebraska
North Dakota
Michigan
lllinois
Minnesota
Kansas

Ohio

South Dakota
lowa

Kansas
Missouri
North Dakota
North Dakota
lllinois
Missouri

Ohio
Indiand/lllinois
Ohio

INCRAC has funded six Extension projects. The first three were chaired by Donald L. Garling, the fourth project was chaired
by Fred P. Binkowski, and the fifth and sixth projects are 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 sixth

project is a2-year project that began September 1, 1997.
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PROJECT OBJECTIVES

(1) Strengthen linkages between North Central
Regiond Aquaculture Center (NCRAC)
Research and Extension Work Groups.

(2) Enhancethe NCRAC extension network
for aguaculture information transfer.

(3) Providein-sarvice training for Cooperdtive
Extenson Service, Sea Grant Advisory
Service, and other landowner assistance
personnel.

(4) Deveop and implement aquaculture
educationa programs for the North Central
Region (NCR).

(5) Deveop aguaculture materids for the NCR
including extenson fact sheets, bulleting,
manuas/guides, and ingructiond

videotapes

ANTICIPATED BENEFITS

Members of the NCRAC Extenson Work

Group have promoted and advanced

commercid aguaculture in aresponsible fashion

through an organized education/training
outreach program. The primary benefits are:

» increased public awareness through
publications, short courses, and
conferences regarding the potentid of
aguaculture as aviable agriculturd
enterprisein the NCR;

» technology transfer to enhance current and
future production methodologies for
selected species, e.g., wdleye, hybrid
gtriped bass, yellow perch, salmonids, and
sunfish, through hands-on workshops and
field demondration projects;

» improved lines of communication between
interstate aquaculture extenson specidids
and associated industry contacts; and

» anenhanced legal and socioeconomic
atmosphere for aguaculture in the NCR.

PROGRESS AND PRINCIPAL

ACCOMPLISHMENTS

OBJECTIVE 1

Aquaculture Extenson Work Group members

have:

» Served asextenson liaison, if not an active
researcher, for every funded NCRAC
project.

» Assged inwriting and developing the
NCRAC Wadleye Culture Manud, edited
by Bob Summerfelt of lowa State
Universty.

» Assged with the planning, promation, and
implementation of the hybrid striped bass,
walleye, and ydlow perch workshops held
throughout the region.

» Provided the NCRAC Economics and
Marketing Work Group with information
relevant to that group’ s efforts to develop
cost of production budgets and expected
revenues for the commercia production of
food-sized hybrid striped bass, waleye,
and ydlow perch inthe NCR.

» Participated as Steering Committee
members for aregiond public forum
regarding revision of the Nationd
Aquaculture Development Plan and two
National Aquaculture Extension
Workshops/Conferences.

» Participated as Steering Committee
members for the past four North Central
Regiona Aquaculture Conferences.

» Served aseditorsfor regiona aquaculture
newdetters as well asin-gtate aquaculture
associations.

» Wrote and edited the upcoming Sunfish
Culture Guide.

OBJECTIVE 2

The demand for aguaculture extension
education programs cannot be met by the few
goecidigsin the NCR (4.0 full time
equivaents). Networking of specidists and
Cooperétive Extension Service (CES)-
designated contacts has maximized efficiency of
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EXTENSION

education programs and minimized duplication.
The NCRAC Extension Project is designed to
assess and meset the information needs of the
various clientele groups through cooperative
and coordinated regiond educationa
programming. Infact, individua Seate extenson
contacts often respond to 10-15 calls per
month from outsde their respective Sates as
wed| asinteracting with colleagues with mutua
concerns related to devel oping aquaculture
activities. Many of these requests have been
met by providing fact sheets, technicd bulletins,
bibliographies, and detailed responses to both
generdized and specidized questions.

Prior to mid-1994 little coordination of
internationa aguaculture information sharing
exised. Nationa and internationd agency
produced information could only be obtained
by contacting the respective sources of this
information. Also, individua Sea Grant and
CES personnd relied heavily on information
produced by individua states or through
regional cooperative projects. As Internet
access extended beyond educationa ingtitutions
and governmental agencies, a clear need
developed to utilize the Internet to reach a
much broader audience. In the age of an
"information overload" the need for a
centralized gateway to the ever-increasing
number of aguaculture resources in eectronic
format was apparent.

AquaNIC (http://aguanic.org) is a collaborative
effort to provide access to aguaculture
information through a centra location on the
Internet regardless of the physica location of
those information resources. AquaNIC was
implemented in 1994 and is housed in the
Department of Anima Science at Purdue
Universty (Purdue). The lllinois-Indiana Sea
Grant College Program, the Cooperative
Extension Service a Purdue, and University of
Illinois Extengion provide leadership for
AquaNIC. A nationd steering committee and

other aquaculture stakeholders provide
oversight and direction for AquaNIC. Land-
grant inditutions, Sea Grant Colleges, the
World Aquaculture Society, NCRAC, and
others with an expertise in aguaculture
contribute significantly to AqualNIC.

AquaNIC houses over 8,000 publications,
newdetters, photographs, dide sets, videos,
and directories with more than two million files
downloaded in 1998-99. The home page of
AquaNIC averages more than 5,000 vigts per
month by people from 90 countriesand is
linked to more than 600 other Web Sites.

Through AquaNIC, individuas can access the
World Aquaculture Society home page as well
as the employment services provided for the
Society by the Delaware Sea Grant College.
In addition, AquaNIC hosts NCRAC's Web
gte.

Specific resources of AquaNIC include:

» atools section providing access to
resources for the Web and Sites beneficia
to the daily lives of usars,

» abeginner's section established to quickly
locate information of interest to prospective
agueculturists,

» federd publicationsfrom, in part, the Joint
Subcommittee on Aquaculture, Nationd
Oceanic and Atmospheric Adminigtration
Library, National Agriculture Library, Sea
Grant Depository, Sea Grant, National
Marine Fisheries Service, Nationa
Fisheries Indtitute, the Food and Drug
Adminidration, and the five U.S.
Department of Agriculture Regiond
Aquaculture Centers,

» publications from 26 states which are
results of university-based research and
outreach activities,

» linksto newdetters from state, nationd, and
international aguaculture associations,

» adatabase of over 700 electronic
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photographs available to view or
download,

» asearchable database of over 600
aquaculture Web sitesand 40 ligt servers,

» adatabase of the e-mail addresses and
aress of interest for the U.S. and
internationdly; and

» acdendar of events of conferences, public
hearings, workshops, and other aquaculture
related events.

AqualNIC has been recognized by various
groupsincluding, in part by the Nationa
Agriculture Communicators in Education,
USDA, Mckinley Group's online editorid

teamn, Progressive Farmer On-Line, Dow Jones
Business Directory, The Bridge Ocean Science
Teacher Center, and Netscape "Open
Directory."

Aquaculture handbooks have been devel oped
and digtributed to each NCRA C-designated
aquaculture extenson contact and selected
CES and Sea Grant fidd gtaff member.

Aswith any organization, there have been
changesin NCRAC extenson personned since
the inception of the project. For instance,
Landkamer was the primary aguaculture
extenson contact for Minnesota. Inthe
intervening years, he has been replaced by
Kapuscinski and then by Gunderson. Two
other individuas were replaced in 1994. In
Kansas, Neils replaced Henderson and in
[llinois, Kohler replaced Selock. Lee replaced
Nellsin Kansasin 1996. Hochheimer, who
replaced Ebeling in Ohio, left Ohio State
Universty; Tiu was gppointed asthe
aquaculture extension specidist for Ohio in
1998. In North Dakota, Klinkebid wasthe
firgt aguaculture extenson contact; he was
followed by Stange in 1996, then Sandersin
1998, and Jarvisin 1999. In 1998 Mills
became the first formally appointed NCRAC
Extension contact for South Dakota. As of
1999, Kayesis no longer with Nebraska

Extension; to date no replacement has been
designated.

OBJECTIVE 3

In-service training for CES and Sea Grant
personnd and other landowner assistance
personnd have been held in most of the States
inthe region. Training has been in the areas of
bas ¢ aguaculture and safe seafood handling
including Hazard Anaysis Critica Control
Points (HACCP). Many of these individuas
have, in turn, trained industry representativesin
HACCP.

OBJECTIVE 4

A number of workshops, conferences, videos,
fidd-gte vigts, hands-on training sessons, and
other educationa programs have been
developed and implemented.

There have been workshops on genera
aguaculture, fish diseases, commercid
recirculation systems, aquaculture business
planning, crayfish culture, pond management,
ydlow perch and hybrid striped bass culture,
rainbow trout production, in-service training for
high school vocationa-agricultura teachers,
and polyploid induction in sunfish held in the
region. In severad dates, eg., lowa, Ohio, and
Wiscongin, potentid fish farmers have been
able to view aguaculture systems being
operated by extenson and research personnd.

Four North Central Regiona Aquaculture
Conferences have been held. Thefirgin
Kdamazoo, Michigan was held in March 1991.
The second was held in February 1995 in
Minnegpolis, Minnesota and the third
conference was held in Indiangpalis, Indiana.
The fourth conference was held February 1999
in Columbia, Missouri. Theseregiond
meetings were attended by hundreds of
individualsincluding persons from Canada

On April 10, 1993, over 700 viewers from 35
gates and Canada watched the first national
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interactive teleconference on aguaculture,
"Investing in Freshwater Aquaculture,” that was
broadcast from Purdue University. It wasa
televised satellite broadcast for potentia fish
farmers. The program consisted of ten five- to
seven-minute videotape segments which
addressed production aspects of channel
catfish, crayfish, rainbow trout, hybrid striped
bass, tilapia, yellow perch, baitfish, and
gportfish. The entire teleconference is available
as avideotape from NCRAC' s Publications
Office aswdl as two other videotapes by the
University of Nebraska-Lincoln that are
reprises of the broadcast.

In support of extension activities being funded
through research projects, i.e., the Hybrid
Striped Bass and Sunfish research projects,
extension speciaists have completed fact
sheets/book chaptersvideos. These extension
materias arisgng from the combined efforts of
both extenson specidists and researchers will
help to address many questions concerning
aquaculture in the NCR.

In addition to the previoudy mentioned aregs,
severd NCRAC extension contacts have been
indrumenta in fogtering the continued growth of
the aguaculture indugtry in the region. For
example, Pierce created the Cooperative
Extenson Aquaculture and Marketing
Educationa Program to facilitate the
development and implementation of aguaculture
educationd programsin Missouri. The
Missouri Aquaculture Initiative continues to
provide the framework from which aquaculture
information and educationd programs are
delivered in the Sate.

Tiu has dso worked to revitdize the Ohio
Aquaculture Association (OAA). The OAA
board of directors of the previoudy inactive
organization has met and a membership drive
ensued. An OAA newdetter was published in
August 1999.

Many of the NCRAC extension contacts have
worked with industry and governmenta
representatives to produce state aquaculture
plans and improve governmenta reguletions.
Binkowski has worked with the Wisconsin
Department of Agriculture, Trade and
Consumer Protection in the production of A
Wisconsin Aquaculture Indugtry Profile
Processor Survey 1998 and the 1998
Wisconsn Aquaculture Directory.

All fish processors, including those who handle
aquaculture products, are now required by law
to process their fish following HACCP
guiddines. Four three-day HACCP training
workshops were conducted by Kinnunen.
These workshops served to train fish
processors on the principles of HACCP and to
give them knowledge on how to develop and
implement aHACCP plan for their specific
facility. Fish being processed at facilities
running under HACCP now meet standards
enforced by the FDA. In 1998-99, Kinnunen
conducted two more HACCP courses with
attendees including fish processors,
aquaculturists, and baitfish producers. Each
course was three days and participants were
awarded certificates upon successful
completion through the National Association of
Food and Drug Officids.

Kinnunen aso worked with the Greet Lakes
Fish Hedlth Committee on establishing arisk-
based system to guide appropriate hedth
decisons recognizing thet zero risk is never
attainable.

In 1998-99, Gunderson and Paul Tucker
shared the NCRAC extension liaison
respongbilities for Minnesota. Gunderson and
Tucker participated in an aquaculture
workshop on the Red Lakes, Minnesota Indian
reservation, presenting information on leech and
baitfish culture. Wisconsn aguaculture
researchers aso presented information at this
workshop.
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Gunderson and Tucker have worked closdly
with industry collaborators to develop
horneyhead chub culture techniquesin
Minnesota. Materids developed by NCRAC
and other RACs and digtributed through
NCRAC have been used extensvely as
teaching tools and for developing spawning and
production systems.

Although not funded by NCRAC, Gunderson
and Tucker worked with other aquaculture and
exotic species specidigts from around the
region to address an issue important to many
fish famersin the NCR, especidly people
raising fish for gocking or batfish. The
aquaculture industry is accused of being an
important vector for the spread of exotic
gpecies like zebra mussdls, Eurasian
watermilfoil, round goby, and others because
water and organisms are moved from one
water body to another. To better identify the
risks of spreading exotic species and to reduce
those risks, a HACCP approach was used.
Extenson specidigsin lllinoigIndiana,
Michigan, Minnesota, and Ohio are
participating in this project which is designed to
identify Critical Control Points and to develop
guiddines for contralling the soread of exatic
species while not overburdening the industry
with unnecessary regulations.

OBJECTIVE 5

Numerous fact sheets, technica bulleting, and
videos have been written or produced by
various participants of the Extenson Work
Group. Theseareligted in Appendix A.

Other extenson-funded activitiesinclude: (1) a
4-H Guide for Aquaculture, (2) “ Getting
Started in Freshwater Aquaculture’” CD-ROM
and workbook, and (3) HACCP videos. The
first two activities have been undertaken by
Swann whereas Kinnunen has been working
with Steve Ingham (University of Wisconsn-

Madison) on the HACCP videos. NCRAC
has only provided asmal component of the
funding for the firg two activities.

A one-year no-cost extension was granted to
complete the 4-H Guide because of the
difficulty in hiring a part time technica writer for
the project. Production of anationa 4-H
aquaculture curriculum using an experientid
learning approach not only provides essentia
technicad information, it alows youth to leed
enriching and fulfilling lives through improved
sef-esteem, critica thinking, and grester
gopreciation of human diversity and vaues. An
aquaculture curriculum that alows both goasto
be achieved without compromising one for the
other provides youth with technical training and
life kills. The guide has been written and
reviewed by the NCRAC Extension Work
Group Chair. A second draft has been
completed and is in the process of being
formatted and findl graphics crested. The
layout should be completed in winter and pilot
tegting initiated during the summer of 2000.
Thefind verson will be completed during the
winter of 2000.

The “Getting Started in Freshwater
Aquaculture’” CD-ROM and workbook is
computer-based ingruction on the fundamentas
of aquaculture. The workbook servesasa
guide for use of the CD-ROM which contains
technica information, business planning forms,
and example examination questions for
ingtructors teaching aguaculture courses.

One HACCP video has been devel oped that
describes the stepsinvolved in smoking fish,
with particular emphasis on the Criticad Control
Pointsin this process that must be monitored in
aHACCP system.
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WORK PLANNED

Efforts will continue in regard to strengthening
linkages between research and extension work
groups as well as enhancing the network for
aquaculture information transfer. Participants
will aso continue to provide in-service training
for CES, Sea Grant, and other land owner
ass stance personndl.

Educationa programs and materias will be
developed and implemented. Thisincludes
development of a sunfish culture guide, yellow
perch culture guide and videos, hybrid striped
bass culture guide, a publication on fee-fishing
(sunfigh), tilapia culture information packet, and
apublication on ydlow perch culturein flowing
water systems. In addition, adraft of the 4-H
Guide for Aquaculture will be completed and
pilot-tested and the two HACCP videos
completed.

Future HACCP workshops will be planned as
needed in the NCR. Any additional workshops
developed and hosted by state extension
contacts will be advertised in surrounding states
to take advantage of the NCRAC extension
network and the individua expertise of
Extenson Work Group participants.

A regiondly advertised fish disease workshop
will be held November 1999 &t the Ohio State
University Research and Extension Center at
Fiketon. The annuad meeting of the OAA will
be held in conjunction with this meeting and
new officerswill be elected. Another
introductory aquaculture workshop will be held
in January 2000.

A second HACCP video on the basics of
sanitetion in afish processing plant and the
development of a Sanitation Standard
Operating Procedure will be developed. This
video will be smilar to one produced for the
American Association of Meat Processorsin

1996 which sold over 300 copies nationwide.

Pierce developed a Professond Improvement
Experience for Extension Educators entitled:
"Aquaculture, Water Quality, Aquetic Plant

| dentification and Management,” which was
gpproved and will be conducted in the early
months of 2000 in southeast Missouri.

A Ydlow Perch Producer Forum is planned for
January 2000 in Hudson, Wisconsin. Both
producer and research presentations will be

part of the program.

IMPACTS

» In-sarvicetraining for CES and Sea Grant
personnd has enabled those professonds
to respond to initid, routine aquaculture
questions from the generd public.

» Development of aguaculture education
programs for the NCR has provided
"hands-on" opportunities for progpective
and experienced producers. Approximately
5,000 individuas have attended workshops
or conferences organized and delivered by
the NCRAC Extenson Work Group.
Clientele attending regiona workshops
learned of aquaculture development
drategies in other aress of the country and
acquired information which was of direct
use to their own enterprises. Education
programs aso created Situations where
problems encountered by producers were
expressed to extension personnel who later
relayed them to researchers at NCRAC
work group meetings for possible solutions
through the research effort.

» Fact sheets, technica bulletins, and videos
have served to inform avariety of dients
about numerous aguaculture practices for
the NCR. For ingance, "Making Plans for
Commercid Aquaculture in the North
Central Region” is often used to provide
dientswith initid information about
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aguaculture, while species specific
publications on walleye, trout, and catfish
have been used in numerous regiona
meetings and have been requested by
clients from throughout the United States.
Publications on organizationa structure for
aguaculture businesses, transportation of
fish in bags, and others are beneficid to
both new and established aquaculturigts. In
a1994 survey, NCRAC extension contacts
estimated that NCRAC publications were
used to address approximately 15,000
client questions annudly.

NCRAC extension outreach activities have
helped to foster a better understanding and
awareness for the future development of
aguaculture in the region.

AqguaNIC has become an entry point for
many people searching for aguaculture
information on the Web. AquaNIC’'s home
page now averages more than 5,000 vidits
per month by people from more than 90
countries. The lllinois-Indiana Sea Grant
Program has a so created Web pages for
the Indiana Aquaculture Association, the
Illinois Aquaculture Industry Associgtion,
NCRAC, and the World Aquaculture
Society.

The 4-H Guide for Aquaculture will offer a
tremendous opportunity to teach math,
biology, and chemistry usng experientid
learning. Aquaculture could Ao be easly
adapted to teach life ills, eg.,
communications and leadership to youth.
Leadership and andyticd skills can be
grengthened through carefully choosing

used in urban and inner city schools.

Fish processors who have attended
NCRAC-sponsored HACCP Training
Workshops have learned the principles of
HACCP with regards to itsimportance in
insuring the production of a safe fishery
product. They aso learned how to work
with their production employees on
developing aHACCP Plan specific to thelr
own processing facility. HACCP Plans
have now been implemented by workshop
attendees who are now keeping records of
their daily processng and Sanitation
Standard Operating Procedures. About
140 fish processors and/or aquaculturists
attended one of the four HACCP Training
Workshops.

In Ohio, new fish farmers have gpplied for
Aquaculture Permits for 1999 aswell as
worked on their business plans with hopes
of creating successful aguaculture
businesses. With the OAA getting
organized, producers will have the forum
necessary to encourage appropriate
legidation necessary for the success of the
aqueculture indugtry.

In Minnesota, three industry collaborators
operated successful horneyhead spawning
systlemsin 1999 and are currently building
new enlarged spawning systems for 2000.
It is anticipated that these three fish farmers
will produce significant quantities of
horneyhead chubs next year, which will
reach the Minnesota baitfish market in
2001.

how content is selected and used.
Incorporating aguaculture into 4-H Y outh
programsis not limited to rurd farming
communities; the curriculum could dso be

PUBLICATIONS, MANUSCRIPTS,
WORKSHOPS, AND CONFERENCES
See Appendix A for acumulative output for all
NCRAC-funded Extension activities.
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SUPPORT
NCRAC- OTHER SUPPORT
YEARS USDA UNIVER- OTHER SJIS;-(;AIIQ_T
FUNDING SITY INDUSTRY FEDERAL OTHER TOTAL
1989-91 $107,610 $237,107 $237,107 $344,717
1991-93 $94,109 $152,952 $152,952 $247,061
1993-95 $110,129 $198,099 $250,000 $55,000 $503,099 $613,228
1995-97 $32,575 $149,325 $5,000 $84,000 $238,325 $270,900
1997-99 $40,000 $110,559 $110,559 $150,559
TOTAL $384,423 $848,042 $5,000 $334,000 $55,000 $1,242,042 $1,626,465
Annual Progress Report 1998-99 Page 17
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YELLOW PERCH?

Progress Report for the Period
September 1, 1997 to August 31, 1999

NCRAC FUNDING LEVEL: $185,600 (September 1, 1997 to August 31, 1999)

PARTICIPANTS:

Paul B. Brown Purdue University lllinois

Konrad Dabrowski Ohio State University Ohio

Dondd L. Garling Michigan State Universty Michigan

Robert S. Hayward University of Missouri-Columbia Missouri

Jeffrey A. Mdison Universty of Wisconsn-Madison Wisconsin

Extension Liaison:

Dondd L. Garling Michigan State Universty Michigan

I ndustry Advisory Council Liaison:

Forrest Williams Bay Port Aquaculture Systems, Inc., West Olive Michigan

Non-funded Collaborators:

Marty Domer Ohio Vdley Fish Haichery Inc., Minerd City Ohio

Forrest Williams Bay Port Aquaculture Systems, Inc., West Olive Michigan

PROJECT OBJECTIVES ANTICIPATED BENEFITS

(1) Withthegod of larvd intensve yellow This project will address priority needs
perch feeding in tanks from the onset of first identified by the North Central Regiona
feeding, continue to develop methods to Aquaculture Center (NCRAC) Industry
produce fingerlings. Advisory Council (IAC) for advancing yelow

perch aquaculture in the North Central Region

(2) Increase growth rates of yellow perch (NCR). The proposed research on Objective
gregter than 150 mm (6 in) by evaluating 1 will improve larval rearing techniques by
diets, feeding Strategies, environmentd developing and evauating different Sarter diets
manipulation, and mono-sex/bi-sex and environmentad conditions. The information
comparisons. generated by these studies will greetly assst

perch producersin their effortsto rdiably raise

(3) Deveop out-of-season spawning methods the large numbers of perch fingerlings needed

for yelow perch. by theindustry. Research on Objective 2 will

2NCRAC has funded seven Y ellow Perch projects. Termination reports for the first three projects are contained in the 1989-
1996 Compendium Report; atermination report for the fourth and fifth projectsis contained in the 1997-98 Annual Progress
Report. This progress report is for the sixth Y ellow Perch project, which is chaired by Jeffrey A. Malison. It isa2-year study
that began September 1, 1997. Originally Fred Binkowski of the University of Wisconsin-Milwaukee was to have participated
in Objective 3 but because the brood stock that were to have been used for the project were destroyed he withdrew from the
project and did not expend any funds. A progress report for the seventh Y ellow Perch project is contained elsewhere in this
Annual Progress Report.
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develop and evaluate methods for improving
growth of perch asthey approach market size.
The use of these methods by commercia perch
producers will decrease the time needed to
raise perch to market Sze and thereby increase
the efficiency of production facilities and reduce
production costs. One of the most promising
drategiesin this regard is the production of
mono-sex female stocks of perch. A method
for producing 100% female perch has been
developed by researchers at the Universty of
Wisconsn-Madison (UW-Madison) and is
currently being used by severd regiona perch
producers under an investigationa new animal
drug (INAD) exemption granted by the Federa
Drug Adminigration (FDA). Research under
another NCRAC project entitled "Safety of
170.-Methyltestosterone for Induction of Sex
Inverdon in Wadleye' wasamed a ganing a
universal New Anima Drug Application
gpprova for using this method in percids. The
proposed research on Objective 3 will develop
methods to induce out-of-season spawning in
perch. The resultant availability of perch fry at
different times during the year will increase the
efficiency of exiging pond and tank fry culture
systems by adlowing multiple cropping of these
gysems. Inturn, the availability of fingerlings at
multiple times during the year would fecilitate a
fuller, more efficient use of grow-out facilities
and equipment. The avallability of fertilized
€eggs outsde the normal spawning season would
aso greatly facilitate research on the culture of
perch fry in tanks. Additiona benefits of usng
the procedures developed in these studies
include greater predictability of gamete
production and reduced incidence of failed
spawning, gamete resorption, and subsequent
brood fish losses.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

OBJECTIVE 1

Research at Purdue University (Purdue) was
designed to evduate the available larva diets

fed to yelow perch and determine the
gopropriate size for transferring larvae to
formulated diets. In two separate studies,
researchers at Purdue offered quadruplicate
groups of larva perch severd of the available
diets and monitored surviva and growth. Four
of the feeds were offered in both studies.
Perch offered rotifers then Artemia gained
sgnificantly more weight and exhibited
ggnificantly higher survivd than perch fed any
of the dry diets. Among the dry diets, there
were no clear distinctions between groups.

Research a Michigan State University (MSU)
looked at the effect of a specia tank design and
three feeds on the surviva of larval yelow
perch. Yelow perch readily accepted vinegar
eds, newly haiched Artemia nauplii, and an
atificdd plankton (Argent) at first feeding.
Surviva to 30 mm (1.2 in) was gpproximately
85%. Unfortunatdly, tank drains clogged near
the end of the experimenta period and dl fish
were logt overnight.

Researchers at Ohio State University (OSU)
determined the effects of krill hydrolysate asa
feed attractant. Growth trials were conducted
using commercid trout Sarter diet done
(control) or the same diet coated with liquid
krill hydrolysate. The diet coated with
attractant increased growth rate of yellow
perch juveniles by 31% compared to the non-
coated control diet (average fina wet weight,
734 + 33 and 559 + 82 mg [0.0259 + 0.0012
and 0.0197 + 0.0029 oz], respectively).
Moreover, weight gains were not significantly
different compared to fish fed exclusvely with
live brine shrimp nauplii. The effects of krill
hydrolysate on dry diet ingestion rates were
aso determined using radioactive (*4C)
labeling. A commercid Starter diet was coated
with 5% hydrolysate or the soluble fraction of
krill was added to the experimentd tank water.
In both cases an increase in ingestion followed
(approximately 200%), dthough ingetion rate
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expressed on a per weight basis was not
sgnificantly different compared to thet of live
brine shrimp nauplii.

In previous experiments, OSU researchers
observed a correlation between low frequency
of swim bladder inflation and skeleton
deformities and mortaity. Therefore, ina
follow up study, the question of conditions
resulting in svim bladder inflation in yelow
perch larvae asrelated to dry diet utilization
was addressed. Newly hatched fry were
collected in asingle 100-L (26.4-gd) rearing
tank. Water flow into the tank was provided
using four surface sprinklersto facilitate swvim
bladder inflation as observed in other percids.
Temperature was kept at 20-23°C
(68.0-73.4°F) and indirect dim light of 50-80
lux at the surface was provided. Prior to
completion of yolk sac absorption, newly
hatched live brine shrimp nauplii were provided
by perigtdtic pump during light hours (24 h).
The dengity of nauplii was maintained a 4-5
individuds/mL (118-145/0z). Therearing
system was cleaned and mortalities were
recorded daily. Swim bladder inflation and gut
content were recorded after three weeks of
culture. Surviva was 20% whereas only 5.5%
of these survivors hed inflated swim bladders.
There was no sgnificant difference between fish
with non-inflated and inflated swim bladdersin
total length (104 £ 1.2 and 11.1 £ 1.3 mm
[0.41 £ 0.0472 and 0.44 £ 0.0512 in],
respectively). Histologicd andyssreveded
that 100% of fish with non-inflated swim
bladders showed infiltration of macrophages
into their lumen. A smilar process was earlier
described in wdleye larvae following the
ingestion of bacteria and organic debris and
attributed to their poor surviva.

At UW-Madison a2 x 3 factorid experiment
comparing the habituation success of two szes
of smal (12.5 mm [0.49 in] and 15.5 mm [0.61
in] tota length) pond-raised perch fingerlings

fed one of three commercid Starter diets
(Biokyowa A250/B400, Bioproducts Biokrill
trainer, and Silver Cup soft-moist) has been
completed. Habituation success was generaly
twice asgood in the 15.5 mm (0.61 in) fish
when compared to their 12.5 mm (0.49in)
counterparts (43—-76% versus 20-37%).
Overdl habituation success was highest in the
fish fed Biokyowa (1 = 76% in 15.5 mm [0.61
in] fish and 37% in 12.5 mm [0.49 in] figh).
Groups fed Biokrill trainer showed the
strongest initid acceptance, but by the end of
thetrid virtudly dl these fish were smdl and
suffered from scolios's, suggesting a nutritional
deficiency inthe krill diet. A drategy that
employskrill for the first few days (to take
advantage of itsinitid attraction) with a
trangtion to amore nutritionaly complete diet
may be worth investigating. Tank husbandry of
the 12.5 mm (0.49 in) fish was extremdy labor
intensve.

OBJECTIVE 2

UW-Madison researchers published a
manuscript describing the effects of genistein on
the growth and reproductive development of
yelow perch. Low levels (0.75 mg/g [parts per
thousand)] of diet) of genistein may have a
positive effect on growth in yellow perch, but
no apparent estrogenic effects on reproductive
function. The effects of geniein on growth and
reproductive development are highly dependent
on dose.

Also at the UW-Madison the first replicates of
studies comparing the growth of mde and
female ydlow perch in ponds have been
completed. Prdiminary examination of the data
suggests that femae yellow perch had grester
weight and length gains than maes when grown
in ponds. However, the growth of both males
and femaes in these studies was poor, possibly
due to a disease outbreak among tagged fish or
the type of tags used to identify individuas. A
second round of sudies usng a different style
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of identification tag has been completed, and
the datais currently undergoing anadysis.

Work proposed at Purdue was designed to
identify legd flavor additives for perch that will
lead to increased consumption of feed. The
origina proposd indicated two genetic groups
of fish would be raised &t either 16, 22, or
28°C (60.8, 71.6, or 82.4°F) and offered one
of three flavor additives. An additiona genetic
group has been obtained that has a proven
record of rapid growth. The three genetic
groups are dl femde fish from Lake Mendota,
mixed sex fish from Lake Mendota and mixed
sex fish from North Caralina. All groups of fish
were obtained as juveniles and are currently
being raised to the appropriate Sze for
experimentation.

Research done by University of Missouri (UM)
scientists sought to determine whether the use
of acompensatory growth feeding regime
would cause yelow perch to outgrow
counterparts fed every day, the latter feeding
regime being sandard in aguaculture. Thisidea
was based on previous work in age 0 hybrid
sunfish in which anove overcompensation
response was found when certain repesating
cycdles of no-feeding followed by refeeding
(hereafter, NFRF cycles) were implemented.
Thefirgt study was a scoping experiment to
determine which, if any, NFRF cycleswould
produce growth overcompensation in adult
yelow perch. Episodes of hyperphagia
occurred after each food deprivation period for
al treetment groups, demondrating that yellow
perch do possess compensatory growth
capacity. However, no growth
overcompensation resulted in any of the
treatment groups, and control fish consumed
more food and showed grester overal weight
gain and growth efficiency than did any of the
compensatory growth treatment groups. Indl

trestments femae yelow perch showed higher
growth rates and growth efficiencies than
males,

Results of the first experiment raised the
guestion of whether growth overcompensation
might be induced in yellow perch if one of the
better performing longer-cycle NFRF regimes
was used, but with maintenance-level feeding
followed by refeeding (MFRF) substituted for
total food deprivation to dicit the compensatory
growth response. Comparisons of NFRF
versus MFRF regimes have not been made
previoudy in any fishesin rdation to
compensatory growth responses. Y low
perch fed according to the NFRF schedule did
not show growth overcompensation, but did
show consumption, specific growth rate, and
growth efficiency equivaent to controls. Fish
fed according to the NFRF regime consumed
28% less food, had a 59% lower specific
growth rate, and showed a 55% lower growth
efficiency than controls and counterparts fed on
the MFRF schedule. In generd, thisresult
suggests that under conditions where growth
overcompensation does occur, the MFRF
regime may produce even better growth
improvements than the NFRF regime. Itis
quite possible that growth overcompensation in
ydlow perch was impeded in the present study
dueto the individud holding of the fish, and this
may warrant testing.

Research at MSU was designed to compare
gender related growth rates of yellow perch
greater than 150 mm (6 in) raised in Sngle
gender or mixed gender cohorts. Gender
related growth differences are being eva uated
using a saturation kinetics model developed by
Mercer. Fish were separated by gender and
randomly assigned (8/tank) to 110-L (29.1-gd)
tanks. Water temperatures were maintained at
21°C (69.8°F) by arecirculation system.
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Three replicate tanks per feeding rate trestment
were randomly assigned feeding rates of 0.5,
1.0, 2.0, or 3.0% of total wet weight fish per
day. Fish were then weighed every two weeks
and feed levelswere adjusted accordingly. The
saturation kinetics model will be used to
determine feeding levels required for
maintenance and maximum and optimal feed

efficiency.

Single gender cohort growth trids have been
completed. A preiminary growth modd was
used to examine the growth rates between
maes and femaes, and thismodel indicated a
ggnificant difference in the growth rates,
however, complete statistic analysis of the data
has not been completed. The maximum growth
rate was 0.024 g/day (0.0009 oz/day) for
males and 0.035 g/day (0.0012 oz/day) for
femades. Using this modd, the maintenance
vaue was 0.04% tota weight per day.
According to thismodd, the feed levd to
achieve maximd growth is 1% body weight per
day for maes and dightly higher for femaes.
Crude protein analys's of whole body samples
has aso been completed. Whole body crude
protein levels were inversdy related to feeding
rate.

OBJECTIVE 3

UW-Madison researchers have induced out-
of-season spawning with variable degrees of
success in severd year classes of yellow perch
femdes. Dueto itsimmediate commercid
gpplicability, emphasis has been placed on
inducing spawning in July, which may dlow for
the double cropping of fingerling ponds.
Research efforts under this objective have been
hampered by the failure of awater chilling
system, and subsequent loss of many of the
acclimatized brood stock due to a suspected
toxin from the failed chiller. A replacement
water chiller has been obtained to supply

necessary cold water for the smulation of
winter-like conditions during the spring and
early summer of 2000. A group of male and
femae perch are currently undergoing
acclimatization for a planned July 2000

spawning.

WORK PLANNED

OBJECTIVE 1

Research a Purdue will include two more diet
evauations for this coming year. Those
evauaions will be continuations using rotifers
and Artemia as a positive control, then
comparing severd of the available dry diets
available for usein the United States.

Larva perch studies at MSU will be repested
to verify high surviva and swim bladder
inflation. If fertilized eggs are available from
researchers conducting out-of-season spawning
(Objective 3), tridswill be run in January
2000.

OBJECTIVE 2

At UW-Madison, collection and analysis for
the second round of studies comparing the
growth of males and femalesin ponds will be
completed, and a manuscript reporting the
results of the study will be prepared for
publication.

At Purdue astudy evauating flavor additivesto
perch dietswill be completed later this yeer.

UM researchers will continue research to
identify compensatory growth feeding
schedules that maximize growth and growth
efficiency in ydlow perch (>150 mm; 6 in).

MSU will complete the satisticd and
proximate analysis of data collected during the
fird growth trid. Totd proximate andysswill
be performed on wholefish tissue. Currently, a
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second set of growth trials are under way to
compare the growth rates of the males and
femaesraised in amixed sock. Three tanks of
femaesfed a 3% of total wet weight are being
raised asacontrol. Experiments should be
completed by December 1999.

OBJECTIVE 3
UW-Madison studies on out-of-season
spawning induction will continue.

IMPACTS

OBJECTIVE 1

Research on Objective 1 isimproving larva
rearing techniques by developing and evauating
different starter diets and environmenta
conditions. Methods for successfully rearing
ydlow perch fingerlingsas amdl as 15.5 mm
(0.61 in) usng reedily available commercid
feeds have now been demongtrated. For newly
hatched perch larvae, we have shown that live
foodsincluding rotifers, Artemia, and vinegar
edls can be used successfully as afirst food
source, and dry digtsincluding artificia
plankton and diets containing krill hydrolysate
show promisefor the future. The information
generated by these studies will greetly assst
perch producersin their effortsto reiably raise
the large numbers of perch fingerlings needed
by the industry.

OBJECTIVE 2

Research on Objective 2 is developing and
evauating methods for improving perch growth
as they approach market sze. Studiesto date
have shown that femae perch outgrow males,
and accordingly the use of monosex femde
stocks may be a method for producersto

increase growth rates of perch. Previouswork
has led to the development of methods for
producing monosex femae stocks of perch,
and this technology is currently being used by
Sx regiond perch producers under an INAD
exemption granted by the FDA. The
establishment of optimum feed levels for perch
will help producers to minimize feed codts,
which are one of the primary cogts of
aquaculture production. The development of
methods to promote perch growth with
naturaly occurring dietary supplements may
further improve the profitability of the culture of
food-sze yellow perch. Together, the above
drategies should provide the means for
producers to reduce the cost of raising perch to
market size.

OBJECTIVE 3

Research on Objective 3 is developing methods
to induce out-of -season spawning in perch.
The resultant availability of perch fry a different
times during the year will increase the efficiency
of existing pond and tank fry culture systems by
alowing multiple cropping of these systems. In
turn, the avallability of fingerlings a multiple
times during the year will facilitete afuller, more
efficient use of grow-out facilities and
eguipment. The availability of fertilized eggs
outsde the norma spawning season will aso
greetly facilitate research on the culture of

perch fry in tanks.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

See Appendix A for acumulative output for all
NCRAC-funded Y ellow Perch activities.
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SUPPORT
NCRAC. OTHER SUPPORT oA
YEARS USDA UNIVER- OTHER SUPPORT
FUNDING [ “g Ty INDUSTRY | 200°" | OTHER TOTAL
1997-98 $95,300 $98,565 $2,000 $100,565 $195,865
1998-99 $90,300 $94,335 $94,335 $184,635
TOTAL | $185600 | $192,900 $2,000 $194,900 $380,500
Page 25
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Progress Report for the Period
September 1, 1998 to August 31, 1999

NCRAC FUNDING LEVEL: $61,700 (September 1, 1998 to August 31, 1999)

PARTICIPANTS:

Christopher Starr Bay Port Aquaculture Systems, Inc., West Olive Michigan

Dondd L. Galing Michigan State Universty Michigan

Michad D. Libbin® Paragon Aquaculture, Oshkosh Wisconsin

Harvey Hoven University of Wisconsin-Superior Sea Grant Wisconsan
Indtitute

Extension Liaison:

Dondd L. Galing Michigan State University Michigan

Industry Advisory Council Liaison:

Harry Westers Aquaculture Bioengineering Corporation, Rives Michigan

Junction

PROJECT OBJECTIVES

(1) Evauate recirculaing aguaculture
technology to optimize yellow perch
growth, performance (surviva, hedth, feed
converson), and water quality consdering
such factors as feed management, water
replacement, flow rates, and dengty.

(2) Conduct “bresk-even andysis’ for raising
ydlow perch in arecirculating aquaculture
sysem on acommercia scdewith a
minimum recirculating syslem Sze of 18,927
L (5,000 gal) per bidfilter, capable of
producing aminimum of 11,340 kg/yr
(25,000 Iblyear).

ANTICIPATED BENEFITS

This project will address priority needs
identified by the North Centrd Regiond
Aquaculture Center (NCRAC) Industry
Advisory Council for advancing yelow perch
aquaculture in the North Centrd Region. The
research activities will evauate replicated
multiple cohort-continuous loading management
Strategies compared to more traditional
stocking and grow-out procedures. The
research project will also address questions
concerning the magnitude of differencesin
growth rates between maes and femdes and if
fingerlings with suppressed growth rates resume
norma growth rates when conditions are no
longer limiting. The informeation generated will

3NCRAC has funded six Y ellow Perch projects. Termination reports for the first three projects are contained in the 1989-
1996 Compendium Report; atermination report for the fourth and fifth projectsis contained in the 1997-98 Annual Progress
Report. A progress report for the sixth project, chaired by Jeffrey A. Malison, is contained elsewhere in this Annual Progress
Report. This progress report is for the seventh Y ellow Perch project, which is chaired by Donald L. Garling. ItisaZ2-year

study that began September 1, 1998.

“Paragon Aquaculture has withdrawn from the project for year two as noted in the body of the report.
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help aguaculturists using recirculating
technology weigh the relative theoretica
benefits of continuous |loading (continuous
harvest and utilization of the recirculating
system near threshold design limits) againgt its
potential drawbacks (reduced feed efficiency,
increasing numbers/biomass of dow growing
fish, and declining harvest rates over time).
This project will dso evauate different larval
ydlow perch culturing methods to enhance
surviva of perch fry.

The caculation of the bresk-even financid
levelsusing actud costs of production and
actual revenues received from product saes
would dlow current and prospective producers
of ydlow perch in arecirculating sysem to
compare and forecast their financia results with
some confidence. Each current or prospective
producer can compare their forecasted or
actua production output, market prices
received, and total operating costs againg the
actud financid results reported in this sudy.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

OBJECTIVE 1

Research at Bay Port Aquaculture (Bay Port),
Paragon Aquaculture (Paragon), and Michigan
State Universty (MSU) was designed to
evauae the effects of multiple versus sngle-
gze cohort culture of ydlow perchin
recirculating systems using a common
standardized protocol. Bay Port and Paragon
were to have rased Sngle-sze and multiple-
Sze cohortsin commercia-szed tanks,
respectively. MSU research was designed to
compare the growth of single- and multiple-
sized cohorts of ydlow perch in smaler
replicated experimental tanks.

Bay Port was unable to begin their growth
dudiesin 1998. An investor withdrew from the
project which delayed congtruction of their
recirculating aguaculture system. Bay Port

provided fish for experiments at Paragon and
MSU as cdled for in the common standardized
protocol.

Paragon began their multiple cohort growth
trialsin October 1998. A cohort of 5,000 fish,
goproximately 50 mm (2.0 in) totd length (TL)
were marked with aleft ventrd fin dlip a Bay
Port so their growth rate in the multiple cohort
system at Paragon could be followed through
the two year project. The fish were
transported to Paragon and stocked 10 days
after marking.

MSU researchers visited Paragon in October
1998 and April 1999 to determine relative Sze
digtribution, ratio of marked to unmarked fish,
and sex retio in the culture tanks. Paragon
provided bi-monthly surviva data of marked
and unmarked fish.

Paragon received a second cohort of fishin
February 1999. Fish mortdity was sgnificantly
higher than normd for the facility and continued
throughout the first Sx months.

The MSU recirculaing system was designed
and congtructed during the fal of 1998 and has
been operating for ten months. Ydlow perch
were obtained from Bay Port in January 1999.
The fish experienced high mortdity rates within
days after stocking into a holding tank supplied
with 12.5°C (54.5°F) well water. A second
group of perch was obtained from Bay Port in
February 1999 which also experienced high
rates of mortality after trangport and stocking
into aholding tank a MSU. Theinitiation of
research trias was postponed until healthy
ydlow perch could be obtained from Bay Port.

The high leve of mortdity in yelow perch from
the angle group of fish from Bay Port observed
at MSU and Paragon was observed at other
ydlow perch culture facilities receiving the same
fish. Fish from MSU were sent to the MSU
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Anima Hedlth Diagnostic Laboratory for
evauation. Necropsy, histopathology,
bacteriology, and parasitology results were
inconclusive. Fish from Paragon were
evduaed by the Divison of Animd Hedth by
the State Aquaculture Veterinarian (Myron J.
Kebus, M.S., DVM) and virology samples
were submitted to Dr. Scott LaPetra, Clear
Springs Foods, Idaho for diagnostics. Dr.
Kebus aso consulted with Dr. Michadl Vander
Klok (Michigan Department of Agriculture),
Dr. Geradd Johnson (Atlantic Veterinary
College Fish Diagnostic Laboratory), Dr. Fred
Romme (Pennsylvania Department of
Agriculture Fish Diagnositic Lab), and Dr.
Hamish Rogers (Universty of Pennsylvania
Fish Diagnogtic Lab). No definitive diagnoss
has been reported by any of the [aboratories
involved in performing diagnogtics on the
affected yellow perch from any of the locations.

In July 1999 two groups of young of the year
(YOY) yelow perch were obtained from Bay
Port and brought to the MSU facility. One
group of perch was harvested from the pond
that had contained the perch that exhibited the
high rates of mortaity and the second group
was harvested from other ponds. Fish were
reared in triplicate tanks to determineif these
fish dso experienced high mortdity rates. The
YOY ydlow perch from both groups obtained
from Bay Port had nearly 100% survivd. These
fish were used to supply the smaller-sized fish
for the research. Larger yellow perch were
purchased from Willow Creek Aquaculture,
Middleton, Wisconsin in September 1999. The
mixed versus sngle-gzed cohort research will
be started in September 1999.

OBJECTIVE 2

Work was completed to design amethod and
system to collect financia operating datafrom
active yellow perch producers during
September and October 1998. When the
study was origindly proposed and funded,

there were four yellow perch production
facilities that agreed to cooperate in the study
by providing monthly financid operating data
Three of the original operators have ether
terminated their operations or not established
production levels sufficient to become
commercidly viable asabusness. Thefourth
cooperator, Paragon, did commence
commercid production levelsin November
1998, and operating financial datawas
collected until June 1999. The Paragon
operation was terminated when dl of thefishin
the production facility died from unknown
causes. Paragon will not be resuming
operations. Thefinancid data supplied by
Paragon isincomplete and, therefore, not useful
inthisstudy. Thefinancia data provided does
not cover afull grow-out cycle and, therefore,
abreak-even andyssis not possble because
there were no revenues produced.

WORK PLANNED

OBJECTIVE 1

The nine-month mixed versus sngle-szed
cohort growth trid conducted at MSU will
continue until June 2000. Daawill be andyzed
and areport prepared with suggestions for
future research by the end of the project.

MSU will aso conduct asat of larva yelow
perch experiments beginning in January 2000, if
researchers conducting out-of-season perch
spawning can provide fertilized eggs, or during
the norma spawning period in April 2000.
Eggswill be transported to MSU where they
will be incubated and hatched. Experiments
will be conducted in an atempt to replicate
promising preliminary results observed in 1999.
The use of uniquely designed tanks and feeding
protocols resulted in larval survival exceeding
85% to gpproximately 30 mm (1.2 in) in TL.

As dready noted, Paragon has withdrawn from
the project and will not receive second-year
funds.
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Bay Port will begin condruction of their

recirculating aguaculture facility which will be
operationa by January/February 2000. Bay
Port will begin Sngle-sze cohort culture

experiments and will conduct a portion of the
research that was to be done by Paragon on
multiple-size cohort culture.

OBJECTIVE 2
Asof August 31, 1999, the end of thefirst year
of this grant, no active yellow perch producers
have provided monthly financid operating data.
Attempts are being made to contact other
ydlow perch producersin the region by

telephone and letters to determine their

willingness and ability to provide commercid
level production and financid data to be used
for thisstudy during Year 2.

IMPACTS

Results from research conducted as part of
Objective 1 will provide information on grow-

out of food-gze yellow perch usng sngle or
multiple-size cohorts in recirculating systems.
Thisinformation will dso be vauable to ydlow
perch culturigts using flow-through tank
systems.

If additiond participants can be identified who
are willing to provide monthly financid deta, the
results of Objective 2 will result in the
condruction of an annua financia operaing
statement of total operating revenues and
expenses, and calculation of a break-even
financia operating level based on the expenses
of production and the sales prices of the
production for each cooperator.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

See Appendix A for acumulative output for all
NCRAC-funded Y ellow Perch activities.

SUPPORT
NCRAC- OTHER SUPPORT TOTAL
YEARS USDA UNIVER- OTHER SUPPORT
FUNDING SITY INDUSTRY FEDERAL OTHER TOTAL
1998-99 $61,700 $36,007 $64,575 $100,582 $162,282
TOTAL $61,700 $36,007 $64,575 $100,582 $162,282
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Progress Report for the Period
September 1, 1995 to August 31, 1999

NCRAC FUNDING LEVEL: $30,000 (September 1, 1995 to August 31, 1999)

PARTICIPANTS:

Fred P. Binkowski Universty of Wisconan-Milwaukee Wisconsin
Christopher C. Kohler Southern lllinois University-Carbondae lllinois
Joseph E. Morris lowa State University lowa
Robert J. Sheehan Southern Illinois University-Carbondde lllinois
Extension Liaison:

Joseph E. Morris lowa State University lowa

PROJECT OBJECTIVES

(1) Coordinate sdlection of various culture
systems and implement field testing
(fingerling to advanced fingerling to food
gze).

(2) Writeaninitid culture manud using the
information generated by dl the hybrid
striped bass research sponsored by the
North Centra Regiona Aquaculture Center
(NCRAC).

(3) Produce associated fact sheets, bulletins,
and videos for hybrid striped bass research
in the North Centrd Region (NCR).

(4) Conduct workshops presenting
technol ogies developed through NCRAC-
funded projects covering general methods
for culturing thisfish.

ANTICIPATED BENEFITS

The overal goa for the NCRAC-funded
collaborative Hybrid Striped Bass projectsisto
enhance the culture potentid of thisfishin the
NCR. Extension related-activities and outputs
will assure that the research information
generated getsto the industry in a user-friendly
form.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

Coordination and implementation of field testing
involving the grow out of fingerlingsto
advanced fingerlings and advanced fingerlings
to food Size was done in conjunction with
severd NCRAC aguaculture extension
contacts.

A hybrid striped bass fact sheet developed by
Morris and Kohler has been completed

SNCRAC has funded six 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. The first five projects were all chaired by Christopher C. Kohler. This
progress report is for Extension-related activities and outputs (the third and final objective of the fifth project which began
September 1, 1995 as well as the objectives of the sixth project). The 1-year sixth project began June 1, 1999 and is under the

direction of Joseph E. Morris.
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(NCRAC Fact Sheet Series#107). This
publication will be available January 2000.

Kohler and Morris served as co-chairs for the
first NCRAC Hybrid Striped Bass Workshop
that was held in November 1995 in
Champaign, lllinois. Thetopicsfor the
workshop included larva culture, cage culture,
brood stock management, and an industry
perspective. The 35 attendees were from
[llinois, Indiana, lowa, and Missouri. Speakers
who have been participants in various
NCRAC-funded projectsincluded Chris
Kohler, Sue Kohler, and Bob Sheehan of
Southern Illinois University-Carbondale,
George Brown and Joe Morris of lowa State
Univergity, and LaDon Swann of Purdue
Universty. Proceedings from this workshop
are avalable from the NCRAC Publications
Office a& lowa State Universty.

WORK PLANNED

The culture manua will be produced in two
phases. Inthefirst phase, the editors, Kohler
and Morris, will review the current status of
information using previoudy produced related
materids, eg., “ Culture and Propagation of
Striped Bass and its Hybrids’” produced by the
American Fisheries Society and “Farming a
New Fish: Hybrid Striped Bass’ available from
North Carolina Sea Grant. The second phase
will congst of producing materidsthet fill in the
voids usng information garnered from NCRAC
research activities, e.g., nutritiona and gamete
gorage and transportation. These materidswill
be developed in 2000 to support a second
Hybrid Striped Bass Workshop.

The sacond workshop will focus on presenting
technol ogies developed through NCRAC-
funded projects over the past decade. The
genera methods used for culturing this
important food fish will be fully covered. The

workshop will be hdd in S. Louis, Missouri at
ahotel near the airport to facilitate travel within
the region. To lessen conflicts with fish farm
activities, the workshop will be held in early
gpring or late fal in the year 2000. Speakers
will include selected members of past NCRAC
Hybrid Striped Bass Work Groups, aswell as
one or more guest speakers from the private
sector. Workshop registirants will receive
information packets covering important details
of hybrid striped bass culture. To obtain the
greatest number of conference attendees, a
workshop brochure will be devel oped,
advertised, and distributed throughout the NCR
using existing extenson and research networks.

A video will be produced using a combination
of computer software, dides, and moving-video
footage. A video capture card with editor will
be employed to incorporate moving images into
aMicrosoft® PowerPoint presentation. A
digitd camerawill be used to dlow for high-
qudity dide presentation. The video will cover
information contained in the culture manua on
the basic aspects of hybrid striped bass
production and the advances made by the
various NCRA C-funded Hybrid Striped
projects.

IMPACTS

The proceedings from the 1995 NCRAC
Hybrid Striped Bass Workshop has been used
to address industry concerns and questions.
The forthcoming culture workshop and video
should be useful in building upon previous
related outreach materids in bringing forth new
information to the public and in particular the
aquaculture industry.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

See Appendix A for acumulative output for all
NCRA C-funded Hybrid Striped Bass
activities.
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SUPPORT
NCRAC- OTHER SUPPORT
YEARS USDA UNIVER- OTHER SLJFFO’;—(QI?_T
FUNDING SITY INDUSTRY FEDERAL OTHER TOTAL
1995-97 $30,000 $16,968 $16,968 $46,968
TOTAL $30,000 $16,968 $16,968 $46,968
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SUNFISH®

Project Termination Report for the Period
September 1, 1994 to August 31, 1999

NCRAC FUNDING LEVEL: $373,562 (September 1, 1994 to August 31, 1999)

PARTICIPANTS:

Bruce A. Barton Universty of South Dakota South Dakota
Fred P. Binkowski Univergty of Wisconsn-Milwaukee Wisconsn
Paul B. Brown Purdue University Indiana
Dondd L. Galing Michigan State University Michigan
Robert S. Hayward University of Missouri Missouri
Terrence B. Kayes University of Nebraska:-Lincoln Nebraska
Christopher C. Kohler Southern Illinois University-Carbondae lllinois
Jeffrey A. Mdison Universty of Wisconsn-Madison Wisconsn
Joseph E. Morris lowa State University lowa
Douglas B. Noltie University of Missouri Missouri
Robert J. Sheehan Southern Illinois University-Carbondde lllinois
Robert C. Summerfelt lowa State University lowa
James R. Triplett Pittsburg State University Kansas
Industry Advisory Council Liaison:

Charlie Stevens Knoxville lowa
Extension Liaisons:

Fred P. Binkowski Universty of Wisconsn-Milwaukee Wisconsin
Joseph E. Morris lowa State University lowa
Non-Funded Collaborators:

Denzil Hughes Farmland Indugtries, Inc., Kansas City Kansas

IL Dept. of Conservation Little Grassy State Fish Hatchery, Carbondde  Illinois
Jm Frey Jm Frey Fish Hatchery, West Union lowa

Ron Johnson Spruce Creek Fish Farm, Miltona Minnesota
Myron Kloubec Kloubec Fish Farms, Amana lowa

MO Dept. of Conservation  Columbia Missouri
Triba Coundil Red Lake Band Chippewa, Red Lake Minnesota
Nationd Biologicd Service  Midwest Science Center (formerly USFWS Missouri

Nationa Fisheries Contaminant Research
L aboratory), Columbia

U.S. Fish & Wild. Service  Gavins Point Nat'|. Fish Hatchery, Y ankton South Dakota

SNCRAC has funded four Sunfish projects. This termination report is for the third and fourth projects. Termination reports
for the first two Sunfish projects, or components thereof, are contained in the 1989-1996 Compendium Report. The third and
fourth projects continued and built upon the first two projects. The third project was a 2-year study that began September 1,
1994 and was chaired by Donald L. Garling. The fourth project was also a 2-year study that began September 1, 1996 and was
chaired by Robert J. Sheehan. Charlie Stevens was appointed to serve as the Center’s Industry Advisory Council Liaison for the
fourth project.
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REASON FOR TERMINATION
The objectives were compl eted.

PROJECT OBJECTIVES

(1) Produce a production manual,
accompanying videos, and other
information as necessary to demondtrate the
technology for culturing centrarchids.

(2) Determine the mgor nutritiona
requirements for centrarchids and compare
their growth and performance using
available commercid feedsin [aboratory
and fidd settings.

(3) Determine the best feeding management
drategiesfor culturing centrarchidsin
laboratory and field settings.

(4) Compare feeding tridsfor grow out of
locdly available 5.1-10.2 cm (24 in)
black crappie (Pomoxis nigromaculatus)
and female green sunfish (Lepomis
cyandlus) with amde bluegill (L.
macrochirus) hybridsin:

(8 pondsat dissmilar Iditudesin the
region, and

(b) recirculating systems using
compensatory feeding sirategies.

(5) Egablish basdine physologicd measures
for smal 2.5-7.6 cm (1-3in) black crappie
subjected to handling stressors and test the
effect of sat and temperature on stress
reduction.

PRINCIPAL ACCOMPLISHMENTS
OBJECTIVE 1

Michigan State University (MSU) and lowa
State Universty (1SU) personnd have
completed the 100-page Sunfish Culture Guide;

it isnow being proofed and should be available
for digtribution from the NCRAC Publications
Office gpring 2000. ISU personnel have
produced a video addressing various
production aress of mae bluegill x femae
green sunfish (BG x GS) hybrids. The 8
minute video entitled “ Sunfish (Lepomis spp.)
Culture’” is now available from the NCRAC
Publications Office. Thisvideo depicts
methods for determining the sex of brood
stock, species identification, and out-of-season
pawning techniques.

OBJECTIVE 2

Researchers et MSU have empirically
determined the optima energy leve for growth
and protein retention in 125 mm (4.9 in) BG x
GS hybrids utilizing a saturation kinetics modd
for curvefitting. Results demondrate the semi-
purified diet developed for these tridsis well
accepted by these figh; thisresultsin adightly
lower but comparable growth to that obtained
using acommercid control diet.

Studies at Purdue University (Purdue) were
designed to quantify the dietary requirement for
phosphorus (P) and optimum lipid to
carbohydrate ratio. It appears the dietary
requirement of BG x GS hybridsfor Pis
<0.5% of the dry diet. Both pure bluegill and
BG x GS hybrids grow best when fed diets
containing no less than 10% dietary lipid in the
form of fish ail.

Southern Illinois University-Carbondde

(SIUC) researchers used practical diets
containing crude protein levels of 32, 36, 40,
and 44% for culturing BG x GS hybridsin two
culture systems recirculaing culture system and
culture ponds. Similar results were obtained
regardless of culture system in regards to
dietary protein levels. Increasing protein levels
resulted in increasing growth rates with the
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optimum protein level of 40%. Dress-out
andydssindicated asmilar trend where
increasing dietary protein levels resulted in
increased percent gutted, headed, and fillet
weight. Fillet compostion aso varied where
increasing protein levels resulted in decreasing
lipid content.

OBJECTIVE 3

ISU researchers have developed a procedure
for tank-rearing larval bluegill and larval BG x
GS hybridsin the laboratory. Resultsindicate
that the protocol for tank-rearing larva bluegill
and larva BG x GS hybrids should include
usng brine shrimp nauplii (Artemia franciscna)
prior to usng acommercia diet. It appeared
that larval BG x GS hybrids could digest the
commercid diet at the onset of exogenous
feeding. However, without brine shrimp nauplii
much lower surviva rates resulted. Surviva
rates of about 25 and 37% can be expected for
bluegill and BG x GS hybrids, respectively, by
following this protocal.

The primary god of the University of
Wisconsin-Milwaukee (UW-Milwaukee)
researchers wastto utilize the early life stage
feeding technology developed for yellow perch
and apply this approach to centrarchids,
specificaly, black crappie. Y oung-of-the-year
(YOY) black crappie were trained to accept
commercid diets usng acombination of adult
frozen brine shrimp (Artemia); “ green water”
organisms, which included copepods,
ostracods, and smaller cladocerans; and beef
liver mixture.

Past efforts of UW-Milwaukee researchers to
gpawn adultsin the laboratory or to collect wild
adults have not been successful. The group of
YOY black crappies acquired in October 1994
have been retained for use as captive brood
gtock; they have been maintained on arearing

regime that is intended to promote gonada
development.

Researchers at the University of Missouri (UM)
have examined the potential to increase growth
rates of BG x GS hybrids during grow out by
using feeding schedules that bring out these
fishes compensatory growth response
(increased growth following a period of
fagting). Meaworms (Tenebrio molitor) were
used asthe food in these initid experiments so
that daily consumption by individud fish could
be accurately determined. Mean growth rates
of BG x GS hybridsin the 2 and 14 day no
feeding cycle groups were 2.1 and 1.5 times
faster than the controls that were fed ad libitum
every day. Growth improvements from
compensatory growth appeared to result from
increases in both consumption rate and growth

efficency.

UM researchers then eva uated the potentid to
increase growth rates of hybrid sunfish via
compensatory growth under conditions closer
to those used in aguaculture (use of commercia
trout diet) than were used in their previous
work. In contrast to their earlier studies, UM
researchers found that while compensatory
growth responses were indicated in all
treatments by periods of hyperphagia
(incressed appetite) after no-feed periods, none
of the treatment groups outgrew the controls
(absolute growth rates ranged from 63-86% of
the controls). UM researchers subsequently
determined that the commercid diet was the
cause for these contrasting findings. Because
they were unable to duplicate the superior
growth over controls asin earlier work, UM
researchers reran the treatments asin a 1997
study done by them to ensure that their
previous results were reproducible. Results of
their earlier study were duplicated with both
compensatory growth trestments outgrowing
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controls. UM research aso determined that a
sgnificant effect of socid interaction occurred
upon growth varigbles and Sze variation in
juvenile hybrid sunfish.

OBJECTIVE 4

Purdue researchers investigated three different
diets, 32, 36 or 40% crude protein, for pond-
reared hybrid sunfish; feed converson ratios
ranged from 1.3-1.5. Hybrid bluegill can be
fed diets containing 32% crude protein without
sacrificing weight gain or feed converson.
Further, it appears that hybrid bluegill fed
dietary crude protein concentrations of 32%
reproduce to the same extent as fish fed 36 or
40% crude protein.

Growth of black crappie and BG x GS hybrids
were compared using common pond
aquaculture techniques at SIUC. Hybrid
sunfish were successfully cultured while black
crappie were not. Net production for hybrid
sunfish was 621.6 and 943.2 kg/ha (554.6
Ib/acre and 841.5 Ib/acre) in the 8,000 and
14,000 fish/ha (3,238 and 5,666 fish/acre)
ponds, respectively. Black crappie net
production was -111.0 kg/ha and -193.9 kg/ha
(-99.0 Ib/acre and -173.0 Ib/acre),
respectively, in ponds stocked at 8,000 and
14,000 fishvha (3,238 and 5,666 fish/acre).
The crappie did not gppear to be using the
prepared diet.

In response to their poor performance, black
crappie were habituated to prepared diets prior
to stocking in 1998 (hybrid sunfish were
amilarly treated) at SIUC. Hybrid sunfish
accepted the production diet virtudly
immediately, whereas the crappie did not.
Freeze-dried mysid shrimp and Biokiowa™
2000 mini-pellets were then given to the black
crappie as Sarter diets. Freeze-dried mysids
were eagerly taken the firgt time they were

offered, and the Biokiowa™ diet was aso
readily accepted within afew days.

Researchers at |SU conducted two, 12-week
feeding trialsin 1997-1998 to compare growth
and food conversion of fingerling hybrid sunfish
derived from tank- and pond-spawning to a
compensatory feeding Strategy when raised in a
recirculating aguaculture system. In both
feeding trids, the restricted feeding group was
fasted 2 days every week followed by 5 days
of full feeding (2-5 day feeding regimen).

Although feed consumption in the restricted
feeding group was grester than the daily feeding
group for up to 3 days following resumption of
daly feeding, overdl, feed consumption was
lessin the restricted feeding group and
compensatory growth did not occur. Food
conversion in the restricted and daily feeding
groups were smilar. Mog differencesin
growth between the restricted and daily feeding
groups were not Setigtically sgnificant, but
when datigtical sgnificance was found in
comparing the two groups, fish in the daily
feeding regimen had fagter growth then fish in
the restricted feeding group. The restricted
feeding strategy used here (2-5) is only one of
many options on redtricted feeding. Thus, these
findings do not imply that other variations of
restricted feeding will not produce more
desirable results, or that the 2-5 system used
here will not be successful with adifferent sze
group of hybrid sunfish, or with other species.

Although the parents of both groups of
fingerlings were from the same stock of fish,
they represented progeny of different families
and of different numbers of parents; fewer
brood stock were used to produce the tank-
reared fish than the pond-reared fish. The most
probable explanation for the resultsisthe
gentic differences among individua parenta
stocks.
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Results from Rittshurg State University’s (PSU)
work indicate that compensatory feeding
gopeared to have little effect on biofilter
performance at the loading dengties of black
crappie used for their study.

The compensatory feeding trid of 2, 3, and 4
day starvation periods were run for 50 days
each and compared against a control group,
which were fed daily to satiation on 2.5 mm
(0.1in) Biodiet™ grower. The best growth
occurred during the control feeding. The next
best was the 3-day; however, differences
between the feeding trids were not datistically
sgnificant.

Individua trids were run on Biodigt™ at PSU
using larger black crappie, 150-200 mm
(5.9-7.91n) szerange. Comparisons of daily
feeding to 2, 3, and 4 day dtarvation periods
produced no differences in food consumption.
Following concern about the commercia feed
acceptability, individua trids were repeated
using natura foods with 2, 4, and 8 day
darvation periods. The best growth occurred
in the control group fed daily.

OBJECTIVE 5

Juvenile black crappies were reared extensvely
at the Gavins Point Nationa Fish Hacthery in

Y ankton, South Dakota and transported to the
Univeraty of South Dakota (USD). Results
from stress tests performed at USD and
andyzed by USD and University of Wisconsin-
Madison (UW-Madison) scientists indicate that
black crappies are sressed from smple
handling with the maximum corticogteroid
response occurring a 0.5 h. Limited plasma
chloride andysis shows that the crappies
experienced an osmoregulatory imbalance from
the stress, the effect of which was till gpparent
after 24 h. The results dso indicate that routine
handling, & least under these experimentd
conditions, was insufficient to cause significant
mortdity. The results show that usng chilled

water where fish were subjected to arapid
6—7°C (42.8-44.6°F) temperature drop was
more stressful to the fish than leaving them at
ambient conditions. However, al fish gppeared
to recover partidly from stress rdatively
quickly, athough not completely by 24 h.

Using an isotonic concentration of sdt (NaCl),
however, appeared to be beneficid to thefish
by reducing or diminating the decline in blood
chloride levels caused by the osmoregulatory
upset that usually accompanies aresponseto an
acute stressor.

IMPACTS

The development of the Sunfish Culture Guide
that incorporates information garnered from
NCRAC-funded research will be avauable
resource for current and future sunfish
producers.

Developing diets specificdly for targeted
gpecies resultsin maximum performance at the
lowest possible cost. Purdue research directed
a minimizing costs of feedswill help to
maximize profit to the producer.

It now appears that the intensive culture
technology developed for yelow perch can be
applied to black crappie. Also, YOY (30-60
day old) pond-produced black crappie can
habituate to prepared diets within 26 days,

Y QY (100 day old) pond-produced black
crappie can habituate to prepared diets within
14 days. The potentia for the intensive culture
of black crappie looks very promising.

UM’ sfindings suggest that the compensatory
growth response differs according to the type
of food used; naturd versus commercid diets.
An exaiting potentia exigs for usng
compensatory growth feeding schedules with
sub-maximal feeds (e.g., medworms), to
achieve BG x GS hybrid growth rates
gpproaching those obtained with commercia
feeds.
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Pond studies at SIUC showed that hybrid
sunfish grow ragpidly during the second year of
the production cycle, but not fast enough when
beginning with samdl (6 g; 0.2 0z) fingerlingsto
produce highly desirable, market-size 227-340
g (0.50-0.75 Ib) fisn by the end of year 2. This
suggests a 3-year production cycle may be
necessary to achieve 227-340 g (0.50-0.75
Ib) fish.

The SIUC pond study aso clearly showed that
production methods suitable for hybrid sunfish
are not suitable for black crappie. The latter
showed poor growth and surviva, and they
gppeared to be subsisting on the naturd food
supply rather than the production diet.
However, great success was obtained with
crappie with two starter diets, freeze-dried
mysids and Biokiowa™. Morework is
needed to devel op methods for weaning
crappie from the starter to production diets.

Hybrid sunfish fed diets higher in crude protein
yielded higher dress-out weights. Accordingly,
aproducer concerned about a processed
product must consider the synergigtic affects of
production rates and dress out as a function of
dietary protein levels when determining cost
effectiveness of practicd dietary formulations.

USD and UW-Madison resultsindicated that
black crappies are stressed from smple
handling, the effect of which was il gpparent
after 24 h. Their results dso indicated that
routine handling, a least under these
experimenta conditions, was insufficient to
cause Sgnificant mortality. The use of chilled
water to mitigate the stress response in crappies
was actudly more stressful to the fish than
alowing them to recover & ambient
temperature. The addition of salt (NaCl) may
be useful in mitigating the effect of handling and
trangport stress in crappies.

RECOMMENDED FOLLOW-UP
ACTIVITIES

Additiona research on decreasing fish med and
continuing evauations of optimal dietary crude
protein should be pursued as these are the most
expengve components in feeding of fish. It
appearsthat the BG x GS hybrid will be more
smilar to the channd catfish than other species
in that it will grow best when fed rdetivey low
concentrations of dietary crude protein. This
ggnificantly aidsin overdl economics of bluegill
culture, yet the hybrid remains arelatively dow
growing candidate. Other members of this
groups of fishes should be considered
candidates for culture and those evauations
should be linked with nutritional evauations.

ISU dudies indicate that when carefully
Sudied, family differences in performance
characterigtics are invariably observed. Thus,
effort must be undertaken to avoid a culture
program based on a limited gene pool.

Although not directly evauated, the findings
from UM’ s experiments in the fourth project, in
combination with previous work, hinted that
time-of-year may be acritica determinant of
when compensatory growth feeding can
improve growth. The three experiments
involving compensatory growth that did not
yield growth in excess of controls were begun
prior to November, while the two that did
began no earlier than December-February.
Conceivably, better compensatory growth
occurs only during late winter to early spring
when control fish growth rates have been low
despite summer-like temperature and
photoperiods. If so, future efforts should
evauate the use of compensatory growth
feeding to improve growth of hybrid sunfishin
recirculation tanks (where summer-like
conditions can be maintained) during the
months of January through April, asameansto
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reduce total grow-out times and to improve
feed converson.

PUBLICATIONS, MANUSCRIPTS, OR

PAPERS PRESENTED
See Appendix A for acumulative output for all
NCRAC-funded Sunfish Culture ectivities.

SUPPORT
NCRAG. OTHER SUPPORT oraL
VEARS I USDA T yNiver- OTHER SUPPORT
FUNDING | gty | INDUsTRY | Zi0°" | OTHER | TOTAL
199496 | $173562 | $177,300 $12,012* $189312 |  $362,874
199698 | $200000 | $274,773 $274773 | $a74773
TOTAL | $373562 | 452,073 $12,012 $64085 |  $837,647

3Farmland Industries, Inc.
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SALMONIDY

Progress Report for the Period
September 1, 1997 to August 31, 1999

NCRAC FUNDING LEVEL: $160,000 (September 1, 1997 to August 31, 1999)

PARTICIPANTS:

Paul B. Brown Purdue University Indiana
Konrad Dabrowski Ohio State University Ohio
Dondd L. Galing Michigan State Univergty Michigan
Jeffrey A. Mdison Universty of Wisconsn-Madison Wisconsin
I ndustry Advisory Council Liaison:
David A. Smith Freshwater Farms of Ohio, Inc., Urbana Ohio
Extension Liaison:
Rondd E. Kinnunen Michigan State University Michigan
Non-funded Collaborators:
Myron Kebus Wisconsin Aquatic Veterinary Service, Madison  Wisconsin
David Mueller Rushing Waters Fisheries, Inc., PAmyra Wisconsin
David A. Smith Freshwater Farms of Ohio, Inc., Urbana Ohio
Brad Strahm Wenger, Inc., Sabetha Kansas
Kathy Warner Nationa Center for Agricultura Utilization, ARS,  Illinois
USDA, Peoria
Y. Victor Wu Nationa Center for Agriculturd Utilization, ARS, Illinois
USDA, Peoria
M. Randd| White Purdue University Indiana
PROJECT OBJECTIVES (2) Evduate the effects of water temperature
(1) Develop and evduate practicd and on the growth/stress response in sdmonid
economicaly viable diets thet are fish med grains or species (aslisted in Objective 1)
free or asfish med free as practica: under outdoor commercid culture
» using S0y, or other oil-seed products conditionsin the upper and lower portions
that are regiondly available, and of the North Central Region.
» using Shasta, Donaldson, and Kamloop
grains of rainbow trout and/or Arctic (3) Invedtigate the effects of trace minera
charr for the evauation. supplementation on the growth and stress

response of rainbow trout in high dengity

"NCRAC has funded four Salmonids projects. Project component termination reports for objectives of the first two projects
are contained in the 1989-1996 Compendium Report; termination reports for the remainder of the first two projects and al of the
third are contained in the 1996-97 Annual Progress Report. This progress report is for the fourth project, which is chaired by
Paul B. Brown. The fourth project built upon the first three projects. It isa2-year study that began September 1, 1997.
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culture, as evaluated by plasma cortisol
leves and fin nipping behavior.

ANTICIPATED BENEFITS

OBJECTIVE 1

The mgor cost in aguaculture of sdmonidsis
the cogt of feed and, more specificdly, highly
priced fish med. Therefore, replacement of fish
med protein with proteins of smilar biological
vaueisthe most desired god in the culture of
carnivorous fishes. Decreasing pollution due to
leaching minerd s/nutrients (phosphorus and
ammonia) should be achieved smultaneoudy
with changesin diet formulations. In addition,
feedduffs of fish origin have been subject to
dramatic price fluctuations. Significant new
production of fish and shellfish will place strains
on the supplies of fish med and fish ail inthe
future. Further, fish medl is one of the more
difficult feed ingredients to transport to the
North Central Region (NCR).

Work proposed and conducted under this
objective was designed to develop diets for
rainbow trout that are free of fish med and rely
on feed ingredients common in the NCR. This
line of research will result in diet formulations
that are lower in cost, which will reduce overdl
production costs, as well as that can be taken
to loca feed millswhich will reduce
trangportation costs.

North Centra Regiona Aquaculture Center
(NCRAC)-funded research has shown that
pretreastment of plant feedstuffs with the enzyme
phytase can hdp improve utilization of
phosphorus (P) and nitrogen (N) in limited fish
med and al-plant diets for rainbow trout. In
addition, insulin-like growth factor (IGF-1)
levels can be used as arapid indicator of
nutritiona status in rainbow trout.

OBJECTIVE 2

These sudies will provide detailed information
on the growth and stress responses of
Kamloops and Donadson strains of rainbow
trout and Arctic charr reared under thermal
conditions typicaly found in the NCR.

Regiond samonid producers will be able to use
this information to determine which of the three
species/strains can be best utilized at their
operation (i.e., under their specific therma
conditions) to maximize productivity and
profitability.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

OBJECTIVE 1

In the past year, researchers a Purdue
University (Purdue) developed a new series of
10 experimenta diets and fed those to Shasta
grain rainbow trout of 52 g (1.8 0z) initid
weight. Weight gain, feed intake, feed
conversion ratio, and specific growth rate of
fish fed two of the formulations free of fish med
were not sgnificantly different from fish fed a
control diet. However, both diets contained
fish oil asthelipid source.

Two feeding experiments & Ohio State
University (OSU) were carried out in the last
phase of the project. First, a 16-week feeding
trid was conducted to examine the feasihility of
using afish med andog (FMA) asafish med
replacement in diets for juvenile rainbow trout.
Fish weighing 0.96 + 0.07 g (0.034 + 0.002
0z) were divided into 15 groups and three
groups were fed one of five isonitrogenous diets
containing O, 20, 40, 60 or 100% of FMA
protein (control, FMA20, FMA40, FMAGE0,
and FMA100, respectively). The FMA
consisted of 25% of mest and bone medl,
24.5% of leather meal, 20% of squid liver
powder, 15% of feather meal, 7.5% of blood
meal, 7.5% of poultry by-product medl, and
0.25% each of methionine and lysine. Fish
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began to show differences in growth rate from
the eighth week followed by significant
differences at the 12" and 16™ weeks. At the
find 16" week weighing, fish fed diets FMA40,
FMAGB0, and FMA100 exhibited significantly
lower weight gain, feed efficiency, protein
efficiency ratio, and specific growth rate than
fish fed FMA20 and the control diet.
Hematocrits of fish fed FMA-containing diets
were sgnificantly lower than those of fish fed a
control diet. FMA incluson up to 60% in diets
did not show differences in apparent protein
digestibility compared to the control (85.0 £
1.9%), whereas the FMA 100 group was
sgnificantly lower (77.7 + 4.4%). These
results suggest that a FMA could be used up to
20% as a fish med protein subdtitution in diets
for juvenile rainbow trout without an adverse
affect on growth rate and hematological
indicators.

In the second experiment at OSU, fish meal
protein was replaced partidly or entirdy with a
mixture of anima by-products and/or plant
protein mixtures (soybean and cottonseed
meals). Fish averaging 0.96 g (0.034 0z) were
divided into 18 groups (three replicates per
diet). Six dietswereformulated asfollows. (1)
control diet (100% fish medl), (2) APM50
(50% anima by-products + 50% fish med), (3)
APM100 (100% animal by-products), (4)
CM-CA (25% Cdlifornia cottonseed meal
product + 25% soybean mea + 50% animal
by-products), (5) CM-TN (25% Tennessee
cottonseed medal product + 25 soybean med +
50% animal by-products), and (6) CM-AR
(25% Arkansas cottonseed meal product +
25% soybean med + 50% animad by-
products). The results of the weight gain and
feed efficiency showed that fish med can be
entirely replaced by amixture of anima by-
products and either of two cottonseed meal
products (1370 + 17, 1330 + 16, and 1350 £

10% body weight gain for control, CM-TN
and CM-AR diets, repectively). Significantly
lower hematocrit levels were found in fish fed
five test diets compared to those fish fed the
control diet. Higher concentrations of total
gossypol were found in feces of fish fed CM-
TN and CM-AR diets than those fed CM-CA
diet. The percentage of dietary gossypol
accumulated in the whole body indicated that
the mgjority of this substanceisexcreted in
feces. The gossypol isomer sdlectively
accumulated in liver and bile isthe (+) isomer,
whereas equal proportions of (+) and (-)
isomers were found in diet, whole body, and
feces. The findings suggest that a fish med-free
diet could be used without adverse effects for
16 weeks on growth performance and
histopathologica changesin liver in juvenile
rainbow trout.

At Michigan State University (MSU) tanks
were stocked with rainbow trout and
experimenta or reference diets were randomly
assigned. Dietary treatments consisted of: (1)
negative reference (sub-optimd protein), (2)
positive reference (fish med based), (3)
soybean meal substituted-untreated diet, and
(4) soybean mea substituted-pretreated with
phytase. Experimenta diets were formulated
with 35% crude protein, a protein to energy
ratio of 100, and vitamin and minera premixes
added to meet the requirements of thefish. The
animas were given atwo-week acclimation
period prior to the start of the study to alow
them to adjugt to their new surroundings and
feeding regime. Diets werefed threetimesa
day to three replicates of 16 fish per trestment
for aperiod of 10 weeks. Feed rates were
caculated on a percent body weight basis,
which was determined during the two-week
acclimation period by feeding thefish to
satiation. Fish were weighed every two weeks
and feed rates were adjusted according to
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weight gain. Initid findings showed thet
phytase pretreatment of soybean meal
sgnificantly increased weight gain and protein
deposition above the fish med based diet and
ggnificantly improved feed converson ratios.
Results from this study were presented at the
World Aquaculture Society meeting in Sydney,
Augrdiain April-May 1999. The data showed
that phytase pretrestment of plant productsin
diets increased growth significantly above fish
medl diets. The data aso showed that without
phytase pretrestment diets could be formulated
thet were not Sgnificantly different from fish
medl diets. The IGF-1 isolation procedure was
aso refined to work on rainbow trout. A study
on dietary iron retention in rainbow trout was
aso completed.

OBJECTIVE 2

The plan of work in the initid proposa wasto
conduct studies on Arctic charr and Donaldson
grain rainbow trout & Rushing Waters
Fisheries, Inc., PAmyra, Wisconsin. By the
time of initiation of the project, however,
Rushing Waters personnel determined that they
would be unable to conduct the study.
Accordingly, as per the backup plan detailed in
the origind proposal, the Arctic charr study
was conducted at the University of Wisconsin-
Madison (UW-Madison) campus.

In March 1998, approximately 120 Arctic
charr (average total length 160 mm [6.3in],
weight 31 g [1.1 0z]) and 100 rainbow trout
(averagetotd length 150 mm [5.9in], weight
34 g[1.2 0z]) were obtained from Rushing
Waters Fisheries and Trout Haven, Bryant,
Wiscongn, respectively. Thefishwerehddin
separate 750-L (198-gd) flow-through tanks at
awater temperature of 12.5°C (54.5°F). In
April 1998, the fish were weighed, measured,
and 25 fish were trandferred into each of four
120-L (32-gal) flow-through tanks (two tanks

of rainbow trout, two of Arctic charr). Over
the next two weeks, the water temperature was
gradually raised to 15°C (59.0°F) in two tanks
(one rainbow trout tank, one charr tank) and
lowered to 10°C (50.0°F) in two tanks. After
three weeks acclimation, six fish from each tank
were quickly removed, anesthetized, and bled
viathe caudd vasculaiure. The remaining fish
were given an acute stress chdlenge test by
holding them out of the water for 1 min, then
randomly placing them into separate tanks.
Groups of six fish were then netted,
anesthetized, and bled at 1, 3, and 24 h
following the stressor.

In October 1998 UW-Madison researchers
validated the cortisol enzyme linked
immunaosorbent assay for use with Arctic charr
serum and andyzed the samplesin November.
Prdiminary results indicate a Sgnificant
difference in cortisol concentrations over time
between fish held at 10°C (50.0°F) and 15°C
(59.0°F) (mostly due to differencesin basdline
[time Q] cortisol concentrations), but no
ggnificant difference in stress responsveness
between rainbow trout and Arctic charr.

In spring 1999, Freshwater Farms of Ohio, Inc.
(Urbana, Ohio) stocked Shasta and Donaldson
rainbow trout in an outdoor raceway and have
been monitoring the growth, survival, and
incidence of disease. UW-Madison researchers
will complete this experiment in October 1999
by evauating the stress responses of these fish
to an acute stress chdlenge test.

OBJECTIVE 3

A questionnaire was designed by MSU
researchers to evaluate the extent and impact of
trout fin nipping/eroson in the NCR. The
questionnaire was reviewed by two MSU

socid scientigts with expertise in survey
methods and by three NCRAC extension
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contacts. Minor revisons were made prior to
pre-testing the questionnaire. The
guestionnaire was pre-tested in Michigan by
sending it to 15 trout producers.

NCRAC extenson contacts in eight states were
asked to provide the names and addresses of
up to 15 trout producersin their state. One
state contact and the State Aquaculture
Coordinator chose not to cooperate in the
survey, three states had too few producers (1
or 2) to participate and one state speciaist
(Nebraska) chose to survey his producers by
phone interview using the questions provided.
Responses were received from 34 of 42
producers surveyed in Michigan, Missouri, and
Wisconsin which represented an 87% response
rate. Fin nipping/erosion wasrated asno or a
minor problem without Sgnificant economic
impact by 30 producers (88%) who responded
by mail and by those who participated in phone
interviews. Two producers each indicated a
moderate or severe fin nipping/eroson
problem. Since so few producers indicated
that fin nipping/eroson was a problem, causes
of their problems could not be identified.

WORK PLANNED

OBJECTIVE 1

Purdue researchers will evduate five to seven
lipid sources done or in combingtion in ther
basa fish med-free diet.

An MSU sudy is currently in progress and will
be completed in six weeks. Tankswere
stocked with rainbow trout and experimenta or
reference diets were randomly assigned.
Dietary treatments conssted of: (1) negative
reference, (2) pogtive reference (fish med
based), (3) soybean meal substituted-untreated
diet, (4) soybean mea substituted-pretreated
with phytase, and (5) commercia diet.
Experimentd diets were formulated with a 35%
crude protein, protein to energy ratio of 100,

and vitamin and mineral premixes added to
meet the requirements of thefish. A two-week
acclimation period was given to the animals
prior to the sart of the study to alow them to
adjust to their new surroundings and feeding
regime. Diets are fed three times a day to three
replicates of 16 fish per trestment for aperiod
of a least Sx weeks. Feed rateswill be
caculated on a percent body weight basis,
which was determined during the two-week
acclimation period by feeding the fish to
satiation. Fish will be weighed every two weeks
and feed rates will be adjusted according to
weight gain. Waste products will be collected
until the termination of the experiment and
effluent Pand N concentrations will be
estimated by using amodified mass baance
equation:

Pro = Prea = [P+ (Pem - Pu)]

Pro = Pin effluent of hatchery origin

P = Pinfeed

P.=Pinfeces

P.m» = Pinfish a end of growth period

P; = Pinfish a beginning of the growth
period

OBJECTIVE 2

Growth and stress response data from Shasta
and Dona dson rainbow trout will be analyzed
and summarized, and afind report detailing the
two experiments will be prepared.

IMPACTS

OBJECTIVE 1

Grow-out dietsthat are free of fish med have
been devel oped and tested in Shasta strain
rainbow trout at Purdue. Fish fed two
formulations exhibited responses that were not
ggnificantly different from fish fed a control
diet.

Research a OSU has provided strong evidence
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that a diet with 15% cottonseed medl, 15%
soybean meal, and 20% animal by-products
can be used to produce grow-out diets for
rainbow trout without compromising growth
rate or hedlth indicators (liver histology).
Taking into account current prices for fish med
($0.62/kg or $560/ton) and cottonseed meal
($0.15/kg or $140/ton), this replacement
should make condderable difference in feed
codts. It isrecommended, however, that
cottonseed meals should be used with caution
for rainbow trout because of the
phytoestrogens and gossypol content.

MSU research has shown that improved
utilization of dietary phosphorus and nitrogen
will reduce the impact of aguaculture on the

improve utilization of P and N and that IGF-1
can be used as argpid indicator of nutritional
gatus in rainbow trout.

OBJECTIVE 2

Theidentification of additiond trout Strains or
gpecies which can be reared under sub-optimal
thermad conditions in the NCR will maximize
productivity and profitability of aquaculture
facilitiesin the region. In addition, the
availability of rainbow trout strains or species
with improved growth rate, feed conversion,
and disease resstance will grestly improve the
production efficiency of private and public fish
hatcheries throughout the region.

PUBLICATIONS, MANUSCRIPTS, OR

water quality of streams receiving water PAPERS PRESENTED
discharge from fish farms. This research will See Appendix A for acumulative output for all
demondtrate that phytase can be used to NCRAC-funded Samonid activities.
SUPPORT
OTHER SUPPORT
vears | USDA
UNIVER- OTHER SUPPORT
FUNDING STY INDUSTRY | _Z -0 OTHER TOTAL

1997-98 $80,403 $92,640 $92,640 $173,043

1998-99 $79,597 $89,145 $89,145 $168,742

TOTAL $160,000 $181,785 $181,785 $341,785
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AQUACULTURE CONFERENCE?®

Project Termination Report for the Period
December 9, 1998 to August 31, 1999

NCRAC FUNDING LEVEL: $3,000 (December 9, 1998 to August 31, 1999)

PARTICIPANT:
Joseph E. Morris

lowa State University

lowa

REASON FOR TERMINATION
The objective for this project was completed.

PROJECT OBJECTIVE

To provide aforum for exchange of information
and technology between private and public
sector aquaculturists in the North Central
Region (NCR).

PRINCIPAL ACCOMPLISHMENTS
Funds provided for this project were used to
help defray travel costs of presentersfor the
fourth NCR Aquaculture Conference
(“Aquaculture at the Crossroads. Linking the
Pest to the Future’) that was held February 24-
26, 1999 in Columbia, Missouri. This
conference was held in conjunction with the
North Centra Regiona Aquaculture Center
(NCRAC) Annua Program Planning Mesting.
Over 150 people participated in the
conference. Each participant received a 106-
page document that was edited by Morris,
which contained abstracts, papers, and
supporting articles for the presentations that
were made during the conference. In addition
to NCRAC, other sponsors and contributors
included: the University of Missouri; Missouri

Aquaculture Association; Missouri Department
of Agriculture; Illinois Aquaculture Association;
Southern Aquaculture Supply, Inc.; Arkat
Feeds, Inc.; Country Fish Farms, Nelson and
Sons, Inc.; Flowers Fish Farm; and Crystal
Lake Fisheries.

IMPACTS

Persons from both the public and private
sectors were provided with the most recent
information and technologies pertaining to a
variety of aguacultura topicsin the NCR.

RECOMMENDED FOLLOW-UP
ACTIVITIES

The NCR Aquaculture Conferences alow for
the exchange of the latest information and
technologies pertaining to aquaculture in the
region between the private and public sectors.
A conference of this type has proven to be an
effective forum for this sort of exchange. They
also provide a showcase for NCRAC, because
many of the conference speakers present
outcomes of their NCRA C-funded projects. In
addition, experts outsde of theregion
presented information in the conference that
would otherwise have been unavailable to

8NCRAC has provided funding for two North Central Regional Aquaculture Conferences. The termination report for the first
funded conference is contained in the 1989-1996 Compendium Report.
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NCR aquaculturists. This sort of regiona
conference should continue to be a bi-annua

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED
See Appendix A for acumulative output for all

event.
NCRAC-funded North Central Regiona
Aquaculture Conference activities.
SUPPORT
NCRAC- OTHER SUPPORT oTAL
YEARS [ USDA UNIVER- OTHER SUPPORT
FUNDING STY INDUSTRY | o0 OTHER TOTAL
1998-99 $3,000 $11,425 $14,425
TOTAL $3,000 $11,425 $14,425
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WASTESEFFLUENTS®

Project Component Termination Report for the Period
September 1, 1996 to August 31, 1999

NCRAC FUNDING LEVEL: $10,000 (September 1, 1996 to August 31, 1999)

PARTICIPANT:

Fred P. Binkowski Univergty of Wisconan-Milwaukee Wisconsin

Industry Advisory Council Liaison:

Harry Westers Aquaculture Bioengineering Corporation, Michigan
Rives dunction

Extension Liaison:

LaDon Swann Purdue University lllinoigIndiana

REASON FOR TERMINATION
The objective for thiswork on WastesEffluents
has been completed.

PROJECT OBJECTIVE
(1) Develop areport that:

(a) describesthe potential benefits of
aquacultura by-products (effluents and
solids) in the context of Integrated
Resource Management and Sustainable
Development,

(b) characterizes the differences between
the aguacultural discharges and other
agriculturd and indugtrid discharges,
and

(c) identifies case sudies of previous
controverses highlighting red versus
perceived impacts of aguaculture.

PRINCIPAL ACCOMPLISHMENTS
Sdected references specifically on aguacultura
wadtes and on related agricultura, municipd,
and indugtrid waste management and recovery
techniques were compiled into a 96-page
report. Thereport isdivided into anumber of
sections each containing alist of references and
summarizing comments. The sections cover a
variety of topics and subject areas including: a
generd overview; different rearing systems
(e.g., ponds, flow through, etc.); sources of
aquaculture by-products and waste generation
including the role of fish bioenergetics, feed
formulation, microbid content, and antibiotics;
potentid utilization and recovery of solidsand
nutrients from aquaculture effluents by
irrigation, wetlands, vegetative buffers, and
hydroponics, waste solids and dudge utilization
by land application and composting, including
aquaculture examplesin comparison to
agricultural manure and sewage dudge
utilization, along with coverage of water qudity,

®NCRAC has funded two Wastes/Effluents Projects. The termination report for the first project is contained in the 1989-
1996 Compendium Report. This project component termination report is for one of the two objectives of the second project,
which is chaired by Fred P. Binkowski. It wasoriginaly a 2-year study that began September 1, 1996. A progress report for
the other objective of the second project is contained elsewhere in this Annual Progress Report.
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s0il, hedlth and toxicity issues associated with
dudge usage; and a comparison of aguaculture
waste production with dternative land use
practices. Available regional cases were
highlighted as examples of various efluent
issues and practices.

IMPACTS

The report summarizes scattered information on
aquacultural wastes and effluents which could
be used by regiona aquaculturists, researchers,
and resource agency personnel to locate
information on potential recovery and reuse of
aquaculture effluents and waste solids when

planning waste management Strategies or
policies.

RECOMMENDED FOLLOW-UP
ACTIVITIES

Severd topica extension fact sheets or
technica bulletins concerned with aguaculture
waste management could be developed from
sections of this report.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

See Appendix A for acumulative output for all
NCRA C-funded Wastes/Effluents activities.

SUPPORT
NCRAC- OTHER SUPPORT TOTAL
YEARS USDA UNIVER- OTHER SUPPORT
FUNDING SITY INDUSTRY FEDERAL OTHER TOTAL
1996-99 $10,000 $10,000
TOTAL $10,000 $10,000
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Progress Report for the Period
September 1, 1996 to August 31, 1999

NCRAC FUNDING LEVEL: $90,000 (September 1, 1996 to June 30, 1999)

PARTICIPANTS:

IraR. Ademan Universty of Minnesota Minnesota
Fred P. Binkowski Universty of Wisconan-Milwaukee Wisconsin
Christopher C. Kohler Southern Illinois Univergty-Carbondale lllinois
Industry Advisory Council Liaison:
Harry Westers Aquaculture Bioengineering Corporation, Michigan
Rives Junction
Extension Liaison:
LaDon Swann Purdue University lllinoigIndiana
Non-Funded Collaborators:
Antony Grabowski Milwaukee County House of Correction Wisconsin
Fish Hatchery
John Hyink Glacid Hills, Inc/Alpine Farms, Sheboygan  Wisconsin
Fdls
Jeffrey A. Mdison Universty of Wisconsn-Madison Wisconsin
John Wolf Glacid Hills, Inc/Alpine Farms, Sheboygan  Wisconsn
Fdls
PROJECT OBJECTIVE characterigtics of these pelletsto those
(1) Study and eva uate solid waste in subobjective a, and
management by:
(c) deveoping operationa and engineering
(8) describing the rlevant physica solutions to minimize destruction of
characterigtics of feca materiad from larger particles and to remove dl
fish fed commonly used commercid particul ates.
feeds,
ANTICIPATED BENEFITS
(b) developing diets to maximize integrity of Characterization of the possble differencesin
fecd pellets without loss of fish feca waste properties of important regiona
performance and compare the physica dternative species will assg in the engineering

1ONCRAC has funded two 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 elsewherein
this Annual Progress Report. This progress report is for other objective of the second project, which is chaired by Fred P.
Binkowski. It was originally a 2-year study that began September 1, 1996.
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design and opertion of rearing systems for
waste removal.

Faster and more complete separation of
gructurdly intact fish fecd meteria from the
culture water could greatly reduce biologica
activity associated with fecal breskdown.
Remova of organic feca components could
reduce biologica and chemica oxygen
demands associated with their breakdown as
well as reduce the need for water
oxygenation/aeration. Controlling levels of
fecd materid could aso deprive potentialy
pathogenic bacteria of favorable environments
that could promote epizootics. Improving fecal
gructura integrity could aso control leaching of
nitrogenous waste that increases requirements
on bidfilters for nitrification activity.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

OBJECTIVE 1A

University of Wisconsin-Milwaukee (UW-
Milwaukee)

Researchersinvestigated the physica
properties of freshly deposited feces generated
through intensive tank culture of yellow perch
fed commercid feeds a various phases of the
production cycle at commercid rearing
densities and grow-out temperature (18-23°C;
64.4-73.4°F). The phases examined to date
include: (1) perch gpproaching market Sze
(approximately 100-150 mm [3.9-5.9in] total
length) and fed Zeigler Bros. trout grower, (2)
mature perch at marketable szes (>150 mm;
>5.91n) fed Zeigler Bros. trout grower, (3)
advanced fingerlings (50-100 mm; 2.0-3.9 in)
fed Zeigler Bros. sdmon darter, and (4) young
fingerlings (25-75 mm; 1.0-3.0 in) habituated
to feed exclusively on Biodiet #2 starter feed.

Initid attempts a individudly isolaing or
anesthetizing fish to collect freshly egested feca

materid were found to be unrdigblein
obtaining enough materia to conduct
investigations of specific gravity and fecdl
friability. Therefore, alow-head, Sde-stream
gphoning device was constructed and ingtaled
on circular rearing tanks so that freshly settled
fecal materials and uneaten food could be
collected from the sump of the rearing tanks.
The collecting basin (a2 18.9-L [5.0-gd] pail)
for the sphoned material was raised so that the
water surface in the collection basin was just
below that of the rearing tank. For 2.44-m
(8.0-ft) diameter tanks, a smooth semi-flexible
clear vinyl tube (gpproximately 28-mm [1.1-in]
diameter) and a Sde-siream flow of around
47 L/min (1.1-1.8 ga/min) was used to
gphon wagte. Inthisway the water velocity
within the siphon was low enough (adjugtablein
the range of <1-15 cm/sec; <0.4-5.9 in/sec) to
collect the fecd materid with minima handling
and disturbance. The clear tube alowed visud
monitoring of the condition of the waste during
callection. To insure freshly deposited materid,
the rearing tank was cleaned at the Sart of each
collection period. By arranging for the inflow
to the tank to rotate the water, solid materia
would rapidly settle and collect in the sump a
the base of the centra standpipe of the circular
rearing tanks. By attaching the siphon tube to
collars mounted on the outer diameter of the
standpipe and holding the collecting end a a
narrow fixed height above the bottom in the
centra collecting sump, settled solids could be
continuoudy removed from the rearing tank.
For perch larger than gpproximately 100 mm
(3.91in) in size this collection device could be
left unattended even over night without fish
entering the waste collection stream. Small
fingerlings tended to enter the waste collector
even though the opening was positioned very
close to the tank bottom and feces from these
fish were collected by hand-directing the low-
head siphon hose.
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In atank of adult perch a arearing density of
84 kg/m? (5.2 Ib/ft3) fed aration of 2.4%
(approximately 2 kg; 4.4 Ib) thislow-head
siphon device would collect 4-5 kg (8.8-11.0
Ib) of dudge that was 8-10% solid on adry
weight basis (320-500 g; 0.7-1.1 Ib). This
represents arecovery of 17-26% of the food
solids entering the tank on adry weight basis.
The literature reports that for sdlmonids,
25-30% of the dried weight of food is
converted to feces on adry weight basis.
Therefore, between 69 to nearly 100% of the
excreted solids produced in the rearing tank
were removed by this smple device that
concentrates the recovered waste in aSide-
stream of 4-5% of the tank's water inflow. In
effect, with only afew pieces of inexpensve
hardware, the rearing tank itsdf actslike a
"swirl concentrator.” With improvement this
device could be incorporated as an inexpensive
initia clarifier component, prior to further fine
solids removd, in recirculating aquaculture
gystems (RAYS). Feca waste and uneaten food
particles are removed directly from the rearing
tank relatively intact before they are further
broken up by more turbulent components of
RAS.

Overdl, freshly deposited feces (N = 887)
ranged from 0.4-6.2 mm (0.02-0.24 in) in
diameter and 0.6-23 mm (0.02-0.91in) in
length. Median fecd pellet diameters were 0.7
mm (0.03in) (N = 344), 1.6 mm (0.06in) (N =
240), 2.6 mm (0.10in) (N = 182), and 3.2 mm
(0.13in) (N = 121) for perchinthe size
categories of 25-75 mm (1.0-3.0 in), 50-100
mm (2.0-3.9 in), 100-150 mm (3.9-5.9in),
and >150 mm (>5.9in) tota length,
respectively. The corresponding median
lengths of intact fecd particles for these Size
categorieswere 4.8 mm (0.19 in), 4.0 mm
(0.16), 6.7 mm (0.26 in), and 5.4 mm (0.21
in), respectively. Fingerling perch on the

Biodiet feeds tended to have longer fecesin
relaion to their diameter and the feces tended
to lack the multifolded rough character of the
pellets of larger Szed perch fed the Zeigler
feeds.

Sattling velocities of individud fecd and food
particles were determined in @ 180 cm (70.9 in)
high settling column (10-cm [3.9-in] diameter).
As anticipated by Stoke's law, sttling
veodities increased with increasing particle size
and dengity. Settling velocities for feces
increased graduadly over arange of 0.4-5.0
cm/sec (0.16-1.97 in/sec) (N = 204) with
increasng fish Sze. The sattling velodities of the
intact food granules and pellets were higher
(5.0-16.0 cm/sec; 1.97-6.30 in/sec) than
settling velocities of feces of amilar diameter,
except for the smaler granules of Biodiet #2
garter and feces of the fingerling perch with
diameters <1 mm (<0.004 in) and seitling
velocities from 0.7-3.2 cm/sec (0.28-1.26
in/sec) and 0.4-1.8 cm/sec (0.16-0.71 in/sec),
respectively. This difference mainly reflectsthe
higher dengity of the pelletized food compared
to the less dense fecd materid after passage
through the digestive tract.

Specific gravity measurements of freshly
collected fecd solids were made before and
after uniformly compressing the weater from
gpproximately 50 mL (1.7 oz) of collected
dudge by centrifugation for 5 min at 2,500 rpm,
pouring off the water, determining the resulting
volume and weight of solid materid and
comparing it to the weight of an equa volume
of delonized water and correcting for
temperature. The overdl mean specific gravity
by this method was 1.055 (SD = 0.019; N =
36) after centrifugation and 1.029 (SD =
0.013; N = 24) without centrifugation.
Differences in pecific gravity of feces based on
the type of food used were not detectable. It
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gppeared that these mass techniques might
create uniform conditions due to consistent
packing of the materid, while individud fecd
particles can vary considerably in compactness
and durability. Perhgps messuring settling
velocities directly will be more expedient than
using arepresentative vaue for pecific gravity,
that may be influenced by collecting and
compaction techniques, to infer settling rates
using Stoke'slaw. It may be better to measure
the settling velocity and calculate specific
gravity using Stoke's law and to use these
vaues to make further estimates of sttling
velocities.

Initid attempts to examine the friability of feces
of larger perch fed Zeigler grower diets using
direct observation of small numbers of fecd
particlesin water in Erlenmeyer flasks were
unsuccessful due to the heterogeneous nature of
the fecal particles. Some of the larger fecdl
pellets appeared to consst of fine solid materia
aoproximately the sze of the findy milled
materid in the formulated diet, encased in an
outer more durable mucus-like shell that either
was a solid smooth-surfaced stream of materia
or became folded on itsdf and compressed into
alarger diameter rough surface pellet. In some
fecal pellets the proportion and durability of the
outer casing gppeared to vary in thickness and
ardatively smdl proportion of fine materid was
inddethis casing. Thesefecd pdlets were
extremely compressed and durable and tended
to have a grayish to white color compared to
the less durable brownish type encasing large
amounts of findy milled materid. Some fecd
pellets tapered dong their length from wide
eadly fridble character to the more durable
grayish cast. This complicated the visud
determination of when the pellet was
completely broken down. For thisreason it
seemed better to use alarger (4570 mL;
1.5-2.4 0z), more representative sample of

fecd maerid to quantify fecd friability.
Samples of intact settled feca materiad
collected by low-head sphoning and an
gpproximate settled volume of 4570 mL
(1.5-2.4 0z) of materia was scooped into a
150 mL (5.1 0z) graduated beaker, the
contents of this beaker were poured into a 250
mL (8.5 0z) Erlenmeyer flask capped with
parafilm and subjected to mechanica agitation
of 0, 5, 15, 30, 60, 120, and 240 sec duration
at 300 rpm on an orbitd rotary shaker. The
contents of the flasks were then poured into
Imhoff cones and the settlesble solids
determined dong with the volume of intact
particles by visudly determining the boundary
between the fine broken settled solids (less than
the diameter of intact fecd materid) and the
more rgpidly settled mainly intact fecd materid.
The difference in settled volume of the intact
feces versus the fines as a percent of the settled
solids in the cone was used to express the
degree of breakdown. Four or five repeated
samples at each time duration were used to
express the breakdown of fecad materid over
time.

Using this technique it was found that the feces
of the larger perch fed Zeigler grower and
salmon dtarter diets rapidly decreases from
60-80% intact materia to around only 20% of
the durable type of intact fecal materia after
only 5-60 sec of agitation at 300 rpm, while
fecd materid of fingerling perch fed Biodiet #2
dtarter dso started out 70-80% intact and
tended to remain around >60% intact even
after 240 sec at 300 rpm. The fineness of the
milling of the various components gppeared to
influence the durakility of the fresh fecd
materid. The coarser "fines' in the grower diet
fed to the larger sized perch gppeared to give
the feca materid amore friable consstency.

The smaller diameter and proportionately
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grester length of the intact fecd particle of
fingerling perch fed semi-moist darter diet
contributes to adower rate of settling. This
proportionately greater length suggests a
grester resstance to mechanica agitation and
further breakdown.

Southern lllinois University-Carbondde
(SIUC)

Comparisons of fecd characterigics using
commercid feeds are awaiting completion of
Objective 1b s0 that experimentd diets can be
included inthetrids.

OBJECTIVE 1B

UW-Milwaukee

In order to examine the influence of variaions
in composition of commercid diets, the effect of
a"high-energy” versusa"grower" type
commercid diet formulaion on the physcd
properties of yellow perch wastes was
compared.

Wastes from a 2.44-m (8.0-ft) diameter tank
with approximately 3,000 perch that were 227
to 286 days post hatch were collected with the
low-head siphon device used for Objective 1a
This group of fish was fed atypicd "grower”
diet (38.2 % protein and 8.2% lipid) for an
gpproximate two-week period during which the
gze digtribution and physica characterigtics of
freshly collected "intact" perch feces were
evauated with the same techniques used for
Objective 1a. During a subsequent two-week
period, a"high-energy” diet (42% protein and
15% lipid) was fed to this same group of fish
and the fecal characteristics evaluated.

The sze digributions of fecd diameters and
lengths of feces from fish fed either the “high-
energy” diet or the grower diet overlgpped
condgderably. The sttling velocities of
individua feces produced by fish fed the “high-

energy” diet were dightly but consstently lower
than those produced by fish fed the "grower”
diet. No difference was demongtrated in the
specific gravity of the gathered and centrifuged
fecd dudge samples, using the techniques
employed in thisinvestigation.

During agitation a 300 rpm feces produced
from fish fed the "high-energy” diet generated a
higher proportion of total suspended solids than
did feces from the "grower” diet. Also, a least
during the firg 10 min of agitation, the "high-
energy diet” feces gppeared to remain dightly
lessintact as a percentage of the settlegble
meaterid in the Imhoff cones.

These differencesin fecdl characteristics
suggest that feces produced by fish fed the
"high-energy” diet are more likdly to be
resugpended by turbulence in the fish rearing
tanks and break up to small-sized suspended
particles dightly more readily than those
produced from the "grower" diet.

Engineering Srategies aimed & removal or
recovery of biosolids from aquaculture rearing
facilities must aim to separate solids before they
are further broken up. Given the fragility of
these particles, it ssemsthat using thefish
rearing tank itself as a settling unit is the most
rapid means of accomplishing thiswith minimal
mechanica disturbance.

The sdttling velocities of fecd materid are
important for rapid collection and removal.
Interestingly, by using highly digestible nutrient
dense formulations to reduce waste output by
the fish, fecd properties might dso be dtered in
ways that make them more readily broken
down and consequently more difficult to settle
and remove. Strategies to reduce the output of
waste by increasing the digedtibility and
incorporation of dietary nutrients into fish flesh
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may have trade-offs in the characteritics of the
feca materid produced. A combined strategy
congdering feed formulation and resulting fecal
properties that influence engineered removal of
biosolids may result in more effective waste
remova.

SIUC

The growth trid with Niletilgpiaindicates
dietary fiber level manipulation in the range of 0
to 18%, using semi-purified formulations, does
not affect growth rates, regardless of fiber type.

Tilapia, ydlow perch, and largemouth bass
have been fed fiber-manipulated diets (cellulose
or beet pulp) for feca collection. Yelow perch
and hybrid striped bass had a poor acceptance
rate for the prescribed formulations (<0.5%
body weight/day, <2% body weight/day). A
modified semi-purified basa diet with more
menhaden fishmed and without casein was
adopted for the more carnivorous species and
gave stisfactory results. Trids with the
modified diets have been completed for yellow
perch and largemouth bass. Hybrid striped
bass were tested but intake rates of the
prescribed diets were inadequate to promote
formation of representative feces and rates
needed to run integrity tests.

Fish species, fiber source and fiber level can
affect fecesin the ability to endure mechanica
gress. Niletilgpiafeces did not respond
favorably to the highest fiber levels (18%),
particularly beet pulp. The mucous sirands
were prone to break and spill their contents
when distended with large amounts of fiber.

Y dlow perch and largemouth bass produce
fecd massesthat are congderably different
from those of tilgpia The yellow perch and
largemouth bass produce feces which are
generdly made of smaler round pelletsthat are
excreted either singly or attached as pellet

masses. Individud pellets are very resstant to
mechanical stress but the break up of bunches
often results in many individua pellets bresking
into smaller particles. Largemouth bass feca
integrity appears to be enhanced by the
addition of beat pulp (8 and 18%) and
decreased by 18% cellulose or no added fiber.
Y dlow perch fecd integrity appearsto be
enhanced by modest amounts of beet pulp
(8%). Hybrid striped bass trids to date present
apicture with ahighly variable fecd sructure
that is difficult to manipulate due to its fragility.

A problem that has been identified dedls with
quantitetive collection of feces. Much of the
feces, particularly that promoted by feeds
without fiber, disntegratesimmediately upon
exiting the anus. The resulting feces retained by
the collector is often considerably more durable
than the feces excreted as awhole.

OBJECTIVES 1A AND 1C

University of Minnesota (UM)

A break in the production cycle at the UM
facility occurred while adult tilgpia, which
became infected with Aeromonas hydrophila,
were treated, held for awithdrawa period, and
marketed. The stress from this disease limited
the ability of the fish to tolerate decreased
water quaity and thus the degree to which the
tanks could be loaded. During thistime thefish
were fed amaintenance ration. This lessened
the nutrient input and resulted in better water
qudity and alower suspended solids load than
would normaly be experienced in a production
system. The disease problems necessitated a
complete shutdown of the production system
tanks. The shutdown afforded an opportunity
to rework system configurations and make
repairs and improvements. In preliminary work
with the tilapia production systems before the
disease outbreek, total suspended solids levels
in the three system types ranged from
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approximately 10-45 ppm. These values
correspond well to average values reported in
the literature.

WORK PLANNED

OBJECTIVES 1A-C

SIUC

A growth trid using hybrid gtriped bassis
underway using amodified basd diet and
should be completed by the end of January
2000. Rainbow trout and hybrid striped bass
will be tested using the more palatable basdl
diet. If possble, the use of amore findy
ground beet pulp will be tested on Nile tilapia
The comparison of commercia feeds and
resulting feca characteristics will be conducted
following completion of dl experimentd trids
using beet pulp.

IMPACTS

» Provide abroad base of information with
regard to aternative species for rearing
system design.

» Sysem design of sttling basinsand
clarifierswill be improved through the use
of data gathered during this project.

» Fiber sources of dpha-cellulose and sugar
beet pulp, when supplied at levels of O, 8,
or 18% , do not appear to affect growth of
Niletilgpiaand may thus enable variations
in dietary fiber levelsto promote waste
management without negetively impacting
production.

» The use of modest amounts of beet pulp in
some carnivorous fish diets may be useful in
enhancing fecd integrity, thus promoting
solid waste removd from culture waters
and wadte effluents.

um
UM participants will continue to complete PUBLICATIONS, MANUSCRIPTS, OR
Objectives 1laand 1b. PAPERSPRESENTED
See Appendix A for acumulative output for all
NCRA C-funded Wastes/Effluents activities.
SUPPORT
OTHER SUPPORT
YEARS NSSDAAC - TOTAL
UNIVER- OTHER SUPPORT
FUNDING STY INDUSTRY | _Z -\ OTHER TOTAL
1996-99 $90,000 $79,968 $79,968 $169,968
TOTAL $90,000 $79,968 $79,968 $169,968
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NATIONAL AQUACULTURE
INAD/NADA COORDINATOR*

Progress Report for the Period
September 1, 1992 to August 31, 1999

NCRAC FUNDING LEVEL: $55,241 (September 1, 1993 to May 14, 2000)

PARTICIPANTS:

Robert K. Ringer
Rosdie A. Schnick

Michigan State Universty
Michigan State University

Michigan
Wisconsin

PROJECT OBJECTIVES

@

)

3

(4)

©)

Ensure effective communications among
groups involved with Investigationa New
Anima Drug/New Anima Drug
Applications (INADSNADAS), including
Canada

Serve as an information conduit between
INAD/NADA applicants and the Food
and Drug Adminigration’s Center for
Veterinary Medicine (CVM).

Identify and encourage prospective INAD
participants to become involved in specific
investigationa studies and NADA
approval-related research.

Seek the support and participation of
pharmaceutical sponsors for INAD studies
and NADAs and coordinate with
INAD/NADA sponsors to achieve CVM
gpprova more quickly.

Guide prospective and current INAD
holders on the format for INAD
exemption requests and related
submissonsto CVM.

(6) ldentify existing deta.and remaining deta
requirements for NADA approvals.

(7) Review, record, and provide information
on the status of INADs and NADAS.

(8) Encourage and seek opportunities for
consolidating the INAD/NADA
applications.

(9) Coordinate educationa efforts on
aquaculture drugs as appropriate.

(10) Identify potential funding sources for
INAD/NADA ectivities.

ANTICIPATED BENEFITS

Investigation and gpprova of safe thergpeutic
and production drugs for use by the aguaculture
industry are some of the highest priorities
currently facing the industry. At present, only a
few approved compounds are available to the
industry and further development of the
aguaculture indudtry is severely congtrained by
alack of approved drugs essentid for treating
more than 50 known aguaculture diseases.
CVM has afforded the aquaculture industry
throughout the U.S. with a“window of

UTed R. Batterson serves as the facilitator for this multi-year project interacting with a steering committee in overseeing the
Coordinator’s activities.
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opportunity” to seek approva of lega drugsto
be used in their production practices. The need
for additiond drugsis grest, but securing data
necessary to saisfy the requirements of CVM
for drug gpprovd is time consuming, cosly, and
procedures arerigorous. The INAD/NADA
process is the one method that alows the
industry to provide CVM with data on efficacy
and also aids producersin their production
practices.

Coordination and educationd efforts directed
toward potentiad INAD/NADA applicants will
save time and effort for both the industry and
CVM. The Nationa Coordinator for
Aquaculture New Animd Drug Applications
(National NADA Coordinator) servesasa
conduit between an INAD/NADA gpplicant
and CVM. The National NADA Coordinator
helpsto dleviate time demands on CVM geff,
thus allowing more time to process a greater
number of gpplications as well asincreasing the
breadth of research endeavors within the
industry. The grouping of INAD gpplicants
should help to dleviate redundancy,
amagamate efforts, and increase the amount of
efficacy data, dl of which should resultin
greater progress toward developing available,
approved thergpeutic and production drugs.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

In September 1992, Ringer, Professor Emeritus
of Michigan State University, was hired on a
part-time basis as Nationa Coordinator for
Aquaculture INAD Applications. He served in
that capacity through August 31, 1994.

As Nationa Coordinator for Aquaculture
INADs, Ringer participated with CVM in
educationa workshops on INAD procedures
and requirements. These workshops were
conducted throughout the United States.  This
included workshops held in conjunction with
the U.S. Trout Farmers Association, Boston

Seafood Show, and Aquaculture Expo V in
New Orleans. The workshop at the Boston
Seafood Show was videotaped and is now
available on cassattes from the Northeastern
Regiona Aquaculture Center. In addition to
the workshops, talks were presented on
aquaculture drugs at the request of severa
organizations, including the World Aquaculture
Society.

Ringer adso helped in the preparation of aletter
that CVM used in requesting disclosure
information from those holding aguaculture
INADs. By law, CVM cannot release any
information about an INAD without such
permisson. A table containing information
about these disclosures was made available to
the generd public. Thisincluded the names and
addresses of the INAD holders as wedll asthe
drug and species of fish intended for use of the
drug. Itisintended that thistable will be
periodically updated after additiona disclosure
permissions have been obtained.

On May 15, 1995, Schnick, recently retired
Regigration Officer from the Nationd
Biologica Service's Upper Midwest
Environmental Sciences Center (UMESC),
was hired on a three-quarter time basis as
Nationa Coordinator for Aquaculture New
Anima Drug Applications (Nationad NADA
Coordinator). On May 15, 1996, her position
was increased to afull-time bass and the
position has remained full timein Year 5 (May
15, 1999 to May 14, 2000).

NEW INAD/NADA SPONSORS

Schnick helped gain anew INAD/NADA
gponsor for amoxicillin (INAD #9659) and met
with Vetrepharm Limited (United Kingdom) in
May 1996 in Fordingham, United Kingdom, to
discuss an action plan for the development of
the INAD/NADA on their broad spectrum
antibacteria product. Schnick aso helped
obtain and isworking with INAD/NADA

Annual Progress Report 1998-99

Page 62



NATIONAL AQUACULTURE INAD/NADA COORDINATOR

gponsors for hydrogen peroxide (externa
microbicide, INAD #9671), luteinizing-
hormone releasing hormone (gpawning ad,
INAD #9709), common carp pituitary
(spawning aid, INAD #9728), Aqui-S™
(anesthetic, INAD #9731), GB Research Inc.,
another sponsor for amoxicillin (ora
antibacteria, INAD #9853), EarthTec™
(external microbicide, INAD #9996), copper
sulfate (external microbicide, INAD #10-046),
Ovaprim™ (spawning aid, INAD #10-040),
fumagillin (myxozoan control, INAD #10-106),
gonadotropin releasing hormone analog
(spawning ad, INAD #10-087), azamethiphos
(sealice control, INAD #10-137), potassium
permanganate (external microbicide, INAD
#10-223), 170.-methyltestosterone (gender
manipulation agent, INAD #10-296), and
Pyceze™ (external microbicide, INAD #10-
366). Another sponsor for MS-222 gained an
approved NADA. Three sponsors renewed
their commitment to their INAD/NADA
process for formain, chloramine-T, and

oxytetracycline,

A magjor breskthrough has occurred in
developing anew, ord antibacterid for
aquaculture; Schering-Plough Anima Hedlth
has agreed to dlow the development of
florfenicol as abroad spectrum antibacterid for
public and private aquaculture and as the model
ord drug for crop grouping research. The
stakeholders in the federa-state aquaculture
drug approva partnership program
(Internationa Associgtion of Fisheriesand
Wildlife Agencies [IAFWA] Project) voted
overwhemingly on a December 31, 1997 bdlot
to replace sarafloxacin with florfenicol asthe
ord antibacterial and modd drug for the crop
grouping research.

PROGRESS ON THERAPEUTIC DRUGS
Amoxidllin

The National NADA Coordinator met on
October 19, 1998 with CVM and GB

Research Inc. (asponsor of amoxicillin) for a
pre-submission conference regarding the
development of datathat will lead to an
approved NADA for amoxicillin trihydrate.
GB Research Inc. presented aplan for funding
the necessary research and CVM provided
ingght on the technical sections needed for
completion of aNADA submission.

The U.S. representative for GB Research Inc.
sent out the funding plan for gaining gpprova of
amoxicillinto INAD holders through individud
mailings, the USDA mailgroup, and the
Nationa NADA Coordinator in January 1999.

The Nationd NADA Coordinator requested
and was able to establish a Public Magter File
on amoxicillina CVM on January 14, 1999.

Chloramine-T

Schnick and representatives of the UMESC,
La Crosse, Wisconsin held a specia sesson a
the Midcontinent Warmwater Fish Culture
Workshop in February 1996 to consider label
clams and identify potentia pivota study Stes
for chloramine-T under the IAFWA Project.

A mesting was held with CVM on October 30,
1996 to gain clarification on the design of the
protocols for conducting pivotd efficacy studies
on agquaculture drugs (especidly chloramine-T)
that are used in water treetments. That meeting
was followed by a meeting on November 7-8,
1996 with INAD holders of chloramine-T to
coordinate efforts on draft labd claims, design
protocols for pivotd dinica field trids, and
identify pivotd study stesfor chloramine-T.
Severd large, active compassionate INADs are
held by public aquaculture agencies and
organizations. Severd of these INAD holders
(e.g., U.S. Fish and Wildlife Service
[USFWS)) are conducting pivota efficacy
dudies for severd potentid label clams of
chloramine-T. Akzo Nobd Chemicds, Inc.
(Dobbs Ferry, New Y ork) submitted a letter to
their existing INAD (INAD #8086) file on duly
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21, 1997 committing to the development of a
NADA on chloramine-T for aquaculture use.

In 1998, Akzo Nobel Chemicals, Inc. indicated
that the company would fund genotoxicity
studies required by CVM and assessed
mammdian and environmentd safety
requirements ddlineated by CVM a ameeting
on November 3, 1997.

At aJanuary 25, 1999 meeting, CVM
requested two genotoxicity studies to fulfill the
mammalian safety data requirements for
chloramine-T ingtead of the more expensive
gudies origindly requested on November
1997. These studieswill dlow CVM to
establish atolerance for dl life gages of dl fish
at both public and private aquaculture facilities.

A regulatory anaytical method for para-
toluenesulfonamide in fish tissue to support
residue depletion studies was submitted on
May 15, 1998 to CVM for review. Efficacy
and resdue chemigtry technical sections were
submitted on July 30, 1998 by the IAFWA
Project for review by CVM.

Akzo Nobd Chemicals, Inc. informed the
National NADA Coordinator on March 24,
1999 that the company will not fund any
additiona studies to support the gpprova for
chloramine-T, including the additiond
genotoxicity work that is required to establish a
tolerance for chloramine-T in fish tissues. The
company will continue to act as a sponsor for
their product in the U.S. and to provide any
exising materids such as protocols,
environmenta safety data, and product
chemigtry information. Because of this change,
UMESC will return to Akzo the funds they
contributed to UMESC so Akzo can spend the
funds on the required genotoxicity studies.
Formerly, UMESC was recommending that
these funds be used to support target animal
safety studiesin sadmonids. Instead, the work

on samonids will be completed by Bozeman
Fish Technology Center and UMESC will
conduct target animd safety sudieson
representative cool- and warmwater species
with public funds.

The Nationd NADA Coordinator developed a
fact sheet on March 29, 1999 entitled “What is
needed to gain an gpprova of chloramine-T for
sdmonids?’ in an attempt to answer questions
concerning the drug’s satus.

The National NADA Coordinator met with
representatives of Akzo Nobe Functional
Chemicason June 8, 1999 in La Crosse,
Wiscongn to discuss the remaining data
requirements for chloramine-T, develop a
timetable to complete these requirements, and
determine the market potentid for al its uses.

Copper Sulfate
Based on resdue and environmenta data,

CVM determined on July 11, 1996 that there
are no human food or environmenta safety
concerns over the use of copper sulfate asa
therapeutant, thus making gpprova relaively
easy. Two meetingswere held in July and
August 1996 with a potential NADA sponsor
and CVM to discuss the data requirements for
gpprova and develop an action plan needed to
obtain gpproval of copper sulfateasa
thergpeutant. Phelps Dodge Refining
Corporation (El Paso, Texas) submitted an
application for an INAD/NADA (INAD #10-
046) on April 3, 1997, arequest for two labels
on the same package on October 24, 1997,
and the product chemistry data on March 12,
1998. The product chemistry technica section
was reviewed by CVM on April 15, 1998 and
the sponsor responded to the items on July 31,
1998. The sponsor of copper sulfate obtained
acceptance of the product chemistry technical
section from CVM on May 4, 1999.
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Efficacy and target animd safety data and the
environmental assessment have been submitted
to CVM by the Stuttgart National Aquaculture
Research Center (SNARC). All the data
needed for an approval of copper sulfate have
been submitted as of early 1998 and al the
technica section packages are under review by
CVM.

The revised Ecologica Risk Assessment (ERA)
for the use of copper sulfate to control certain
waterborne fish diseases was submitted by
SNARC to CVM on June 29, 1999. SNARC
plans to submit the revised target animd safety
studiesto CVM by October 31, 1999.

Forfenicol

The Nationad NADA Coordinator presented a
seminar on aguaculture and its drug needs to
representatives of Schering-Plough Anima
Health on August 26, 1997. She encouraged
them to consider developing their ordl
antibacterid, florfenicol, for the U.S. market.

A meeting on August 26, 1998 between CVM
and Schering-Plough Anima Hedth covered
the development of florfenicol for agquaculturein
light of CVM’s new policy on antimicrobia
resganceissues. Thisissue affectsdl
antimicrobia drugs usad on animas including
any developed for aguaculture uses.

The Nationd NADA Coordinator developed
draft letters of request for INADs on florfenicol
for UMESC and USFWS on February 26,
1999 and March 19, 1999, respectively.

A coordination meeting was held in La Crosse,
Wisconsin on March 17-18, 1999 to discuss
plans for implementation of agenerd USFWS
INAD exemption for florfenicol.

USFWS has developed a draft protocol that
the sponsor reviewed for anew, limited INAD
to be initiated in early 2000. USFWS

developed aligt of facilities that have a proven
track record of doing good efficacy studies that
was given to Schering-Plough Anima Hedlth
for their review and acceptance. The sponsor
expects to tightly oversee the development of
florfenicol for aquaculture use in the United
States.

A meseting was held on July 20-21, 1999 with
Schering-Plough Anima Hedlth, USFWS,
UMESC, and the Nationd NADA
Coordinator to discuss the details of initiating
the efficacy studies through a USFWS-INAD
and in conducting the resdue chemistry studies.

Schering-Plough Anima Hedlth submitted a
data package containing product chemistry,
resdue chemidry, target animd safety, and
efficacy for florfenical to control furunculossin
salmonids on September 30, 1999.

Formdlin

A supplementa NADA for formain by
Western Chemical, Inc. was approved on June
18, 1998 for control of certain fungi on the eggs
of dl finfish and certain externa protozoa and
monogenetic trematodes on al finfish. An
additiona data package was submitted to

CVM on April 22, 1998 to expand the NADA
for its use to prevent mortalities associated with
externd fungd infectionson dl cultured
freshweter fish.

At the Work Planning/Coordination Mesting of
the IAFWA Project held November 19-20,
1998 in La Crosse, Wisconsin, CVM
reviewers indicated that a broad label of al fish
to treat externd fungd infections was not
possible because of the lack of information for
cool- and warmwater fish. Drug Approva
Oversght Subcommittee (DAOS) members
attending the mesting voted to have UMESC
proceed immediately to perform pivota
efficacy studies on cool- and warmweter fish to
support an anended NADA and to delay
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pivota efficacy sudies on potassum
permanganate and Aqui-S™.

Fumagillin

The Nationd NADA Coordinator met with the
potential sponsor of fumagillin, Sanofi Santé
Nutrition Animae (Libourne Cedex, France)
on April 19, 1996 in Paris, France to discuss
cooperative efforts and the potentia for
development of aNADA in the United States.
Sanofi committed to an INAD/NADA on
fumagillinin June 1997. The NADA
Coordinator is determining the potentid of
fumagillin to contral or prevent hamburger gill
diseese in catfish and whirling and proliferative
kidney diseasesin sdlmonids. Meetings were
held with the sponsor on September 16, 1997
in Edinburgh, Scotland and on February 14,
1998 in Las Vegas, Nevada to discuss the
drategy and action plan for the development of
aNADA on fumagillin. Mestings were dso
held with severd potentia researcherson
November 12, 1997 in Stoneville, Mississppi
and on December 11, 1997 in Bozeman,
Montana to discuss a research action plan for
generating efficacy data on fumagillin to control
hamburger gill disease and whirling disesse,
repectively. Efficacy research is ongoing for
both diseases.

Hydrogen Peroxide

A meseting was held April 12, 1997 with CVM
to discuss the data requirements for hydrogen
peroxide as an external microbicide and how to
obtain the data so that an approval can be
achieved for dl the uses for which the drug
seemsto be efficacious. Efficacy (control or
prevention of saprolegniasis on fish eggs) and
target anima safety technica sections were
submitted to CVM by the IAFWA Project on
April 21 and 27, 1998. Data on the efficacy of
hydrogen peroxide to control or prevent
mortalities associated with saprolegniasson
fish was submitted by the IAFWA Project to
CVM on September 18, 1998. A meeting was

held with CVM on June 18, 1998 at CVM
headquarters to discuss the remaining data
requirements for hydrogen peroxide.
Discussions centered on the mechanisms for
transferring the Canadian dossier to CVM and
for setting up a Public Master File of data from
UMESC. Enough data may exist for an early
gpprovd in the United States. CVM
determined that the human food safety data
requirements are met.

In 1999 UMESC was in the process of
completing experiments in collaboration with
date hatcheries to determine the efficacy of
hydrogen peroxide to control externa parasitic
infestations and to control mortalities associated
with externd flavobacterid infections on
representative cultured freshwater fish.

The sponsor has completed the negotiations
with Syndd Internationd Inc. to do the
marketing of hydrogen peroxide (Perox-Aid™)
for fisheries use in Canada.

The sponsor, Eka Chemicals Inc., submitted
the product chemistry technical section for
hydrogen peroxide on July 12, 1999.

A saries of meetings were hdd in July and
August 1999 at UMESC to discuss the
development of the remaining data
requirements to complete the submission of dl
the technica sections needed for approva.

Oxytetracydine
A meseting was held on April 11, 1997 with

CVM to discuss remaining data requirements to
obtain full gpprova for oxytetracycline (OTC).
CVM indicated that additional data would be
required to expand the NADA for OTC asan
ord antibacteria at temperatures below 9°C
(48.2°F) and at doses above the current label
and that at least one pivotd efficacy study
would be required for these uses to be added
to the labdl.

Annual Progress Report 1998-99

Page 66



NATIONAL AQUACULTURE INAD/NADA COORDINATOR

A cdl-in of efficacy datawas initisted on
October 7, 1997 for any and dl efficacy data
on OTC that can support the extension and
expanson of the NADA. Datawere received
November 18, 1997, organized in December
1997, and evaluated in May 1998. An efficacy
technical section was submitted to CVM on
January 25, 1999 to support extension of the
labd clam to include control of Aeromonas sp.
in esocids and potentialy other coolwater fish.

An OTC residue depletion study was recently
completed at low temperatures at the Quilcene
Nationd Fish Hatchery. The data should alow
trestment of yearling sdmonids below 9°C
(48.2°F). The report was submitted to CVM
on January 29, 1999.

A method to andlyze for the drug in fish feedsin
support of INAD pivotd efficacy testing was
accepted by CVM on July 29, 1998.

On March 16, 1999, the National NADA
Coordinator sent a letter to Pfizer to request
that the company amend its label when CVM
has accepted: (1) the residue depletion data for
treatments below 9°C (48.2°F) and the efficacy
datafor the use of OTC to control coldwater
disease in sdmonids and (2) the efficacy and
residue chemistry data for the control of
Aeromonas . in coolwater species. In
addition, Pfizer was requested to ask for a
reduction of the withdrawd timein dl fish from
CVM.

Saafloxacin

Abbott Laboratories (North Chicago, Illinois)
was in the process of preparing the last portion
of atechnica section to complete the data
requirements for NADA approva of
sarafloxacin when concern for development of
disease resgant pathogens in humans with the
use of fluoroguinolonesin animaswas raised as
an issue by the Centers for Disease Control and
Prevention (CDC). The Catfish Farmers of

America (CFA) sent aletter written by the
National NADA Coordinator to the U.S. Food
and Drug Adminigration (FDA) commenting
on the impending ruling regarding the
prohibition of extra-label use of
fluoroquinolones. The CFA was concerned
that this regulation: (1) establishes that these
drugs, when used in the catfish indudtry, “are
cgpable of increasing the level of drug resistant
zoonotic pathogens (pathogens that are
infective to humans) in treated animas & the
time of daughter” and (2) will negatively impact
or stop the gpprova of fluorogquinolone,
sarafloxacin, and other fluoroquinolones for the
catfish industry. The catfish industry and
researchers have agreed to consider developing
arisk assessment on the use of sarafloxacinin
catfish to control enteric septicemiato dleviate
concerns of disease resistant pathogens
deveoping in humans from the use of this
fluoroquinolone. It is now doubtful that a new
NADA will be allowed for aguaculture uses by
CVM. Sarafloxacin was replaced by
florfenicol in January 1998 by a unanimous vote
of the IAFWA Project stakeholders.

Potassum Permanganate

A mesting was hed with CVM and the new
sponsor of potassum permanganate, Carus
Chemica Corporation, on January 28, 1998 at
CVM headquarters to discuss the requirements
to complete aNADA application and the
progress that has been made on the various
technica sections.

The sponsor of potassum permanganate
submitted to CVM the product chemistry
technica section on December 8, 1998 and
environmenta safety technica section on
February 23, 1998. CVM has requested more
information on the Environmental Assessor
(EA).

A residue chemisgtry technical section for
channd catfish was submitted by SNARC to
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CVM for review on June 16, 1998. CVM has
indicated that, if resdue levels and depletion
rates are Smilar to copper sulfate, the human
food safety requirements could be met without
additiond requirements for mammdian safety
dudies. A report of an additiond residue
chemidiry study in rainbow trout isin
preparation by a private company and will be
submitted to CVM.

B [CEZGTM

The Nationd NADA Coordinator met with the
potentia sponsor of Pyceze™, Grampian
Pharmaceutica Ltd., in Edinburgh, Scotland on
September 16, 1997 to discussits plans for
development of Pyceze™ in the United States.
Mestings were held with Grampian
Pharmaceutica Ltd. in Sesttle, Washington and
Stoneville, Missssppi in mid-April 1998 to
determine the potentia for use of Pyceze™ in
the sdmonid and catfish indudtries in the United
States.

A meseting was hdd with CVM, Grampian
Pharmaceutical Ltd., and the Nationa NADA
Coordinator on April 24, 1998 at CVM
headquarters to discuss the requirements to
complete aNADA application for Pyceze™
and the prdiminary evaudion of the exiging
data

Grampian Pharmaceutical Ltd. sent aletter of
intent to commit to development of Pyceze™
as an externd microbicide on freshwater fish
aong with summary informetion for gpprova as
afungicide on fish eggsto CVM on September
3, 1998.

Trichlorfon

The National NADA Coordinator worked with
the Nationa Aquaculture Association, private
producers, sate extension personnd, and
Bayer Business Group Crop Protection to
develop aplanto gain legd use of trichlorfon in
non-food fish culture. Because this Bayer

group did not think that it was economicaly
feasble to develop trichlorfon as adrug, the
registrant worked with the aguaculture industry
on “Specid Loca Need” (SLN) regisirations
for use of trichlorfon to control predaceous
insects, zooplankton, and adult lernea. Severa
dtates have either obtained or submitted
requests for SLNs.

Crop Grouping
Ohio State University is completing work on

the model waterborne drug, benzocaine,
Classcd compartmenta pharmacokinetic
modds are being developed in five
phylogeneticaly diverse species.
Physiologicaly based pharmacokinetic (PBPK)
models have been developed in channel catfish
and rainbow trout. UMESC isusing these
PBPK models to support their work on
florfenicol. Work on florfenicol will continue
until the end of the IAFWA Project. When
completed, CVM will have acomprehensve
data set from which to make a decision on crop

grouping.

Florfenicol replaced sarafloxacin as the model
oral drug based on a1998 IAFWA Project
stakeholder survey. Models are devel oped for
diverse species using benzocaine and those will
be used to support work on florfenicol. Crop
grouping should be completed in 2002.
Acceptance of the crop grouping concept by
CVM will reduce resdue chemistry data
requirements and costs of gpprovasfor al
aquaculture drugs.

PROGRESS ON ANESTHETICS

Aqui-S™

Two mestings in June and August 1996 were
held with representatives of Aqui-S™, an
anesthetic approved for use on fish in New
Zealand, to discuss the potentid for
development of their product in the United
States. Aqui-S™ is gpproved in New Zedland
with azero withdrawd time and offersa
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potentia aternative to benzocaine. UMESC
decided to evauate the comparative efficacy
and regulatory requirements needed for

gpprova on both benzocaine and Aqui-S™.

UMESC completed an efficacy and safety
evaduation of Aqui-S™ in two Sze ranges of Sx
representative freshwater fish species. The
report was sent by the Nationa NADA
Coordinator on July 18, 1997 to dl IAFWA
Project stakeholders/cooperators for their
decision on which anesthetic, benzocaine or
Aqui-S™, should be the IAFWA Project drug.
Twenty-four votes were cast for Aqui-S™ and
no votes for benzocaine. Detailed assessments
will be made of what data requirements will be
addressed by the sponsor and what data
requirements will be addressed by the IAFWA
Project.

The sponsor of Aqui-S™ submitted an
environmenta assessment to CVM on
November 13, 1998. The sponsor of Aqui-
S™ completed a Cooperative Research and
Development Agreement with the U.S.
Geologicd Survey on July 7, 1999 to provide
funding for aresdue chemisiry study.

The National NADA Coordinator met with
representatives of the company that developed
Aqui-S™ in Sydney, Audtrdia during World
Aquaculture ‘99 and in Nelson, New Zedland
on May 11, 1999 to discuss the sirategies for
the development of the drug for the U.S.
market and worldwide.

The sponsor has recent information from a
Nationa Toxicology Program (NTP) study at
the University of Arizonathat the mgjor
ingredient in Aqui-S™ is not a carcinogen.
However, NTP continued to pursue studies on
the safety of the main ingredient so that CVM
was not able to grant a compassionate INAD
until thisissue is resolved.

The plan by USFWS to have a compassionate
INAD exemption in place on Aqui-S™ by the
end of July 1999 has been put on hold until
agreement can be obtained from CVM that the
mammalian toxicology sudies show no
potentid for being a carcinogen.

MS-222

Western Chemical, Inc. obtained an approved
NADA for MS-222 or tricaine
methanesulfonate (Tricaine-S) as an anesthetic
on November 21, 1997.

PROGRESS ON HORMONES

Common Carp Pituitary

A meeting was held at CVM headquarters on
April 11, 1996 with Stoller, users of common
carp pituitary (CCP), and researchersto
determine a course of action for gaining
gpprova of CCP. Asafollow-up to that
meeting, CVM coordinated a conference call
on May 15, 1996 that covered: (1) the
identification of researchers and the design of
target animd safety studies, (2) the writing of
the environmental assessment through the
National Research Support Program Number 7
(NRSP-7), and (3) potential funding sources of
the target anima safety studies. A literature
review on efficacy and target animad safety of
CCP was completed, presented on August 5,
1998 in Bozeman, Montana and submitted to
CVM in the summer 1999 by NRSP-7.

The National NADA Coordinator isworking
with aresearcher from Missssippi State
University to complete the needed target animal
safety studies on CCP.

17[3-estradiol (Estrogen)

The National NADA Coordinator beganin
June 1999 to work with the potential INAD
sponsor for the development of estrogen to
gender manipulate American edsto dl femde
populations. Draft protocols were reviewed
and procedures ddlineated for gaining an
gpproval.
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Human Chorionic Gonadotropin

The National NADA Coordinator contacted all
the holders of disclosed INADs on human
chorionic gonadotropin (hCG) at the urging of
CVM to send all the data to the sponsor,
Intervet, Inc., that was incorporated in a
February 1996 Intervet submission to CVM.
CVM ruled on February 12, 1996 that
enrollment in an INAD will not be required to
use hCG asaspawning aid. CVM will defer
regulatory enforcement if used by or on order
of aveterinarian. Any hCG product may be
prescribed, but CVM strongly encouraged the
use of Intervet's product, Chorulon®. This
policy was renewed in 1998 and will continue
until hCG gained gpprovd.

Chorulon® (human chorionic gonadotropin,
hCG) was approved on September 7, 1999 by
CVM asaspawning aid by intramuscular
injection for dl fish and requires a prescription
under the direction of aveterinarian. This
goprovd issgnificant because it isthe firs
origina approva since 1986 when formain was
first gpproved for fish and because it was
gpproved for dl fish.

Ovaprim® and Ovaplant®

The Nationd NADA Coordinator and Dr.
David Erdahl (USFWS) met with Syndel
International Inc. (Canada) in Sesttle,
Washington on February 23, 1997 to discuss
the development of Ovaprim® in the United
States. Another meeting was hdd with CVM
on April 11, 1997 to discuss the strategy for
development and the data requirementsto gain
an gpprovd in food fish. Syndd Internationd
Inc. recently obtained INADs for its
gonadotropin releasing hormone anaog
product (#10-087) and Ovaprim® (#10-040).
USFWS and other INAD holders are working
with Synde to develop the technical sections of
the NADA package.

170.-methyltestosterone

Schnick worked with CVM, Auburn
University, Rangen, Inc. and tilapia producers
to develop INAD #9647 on 17c-

methyltestosterone (M T) for tilgpia (obtained
January 25, 1996) and then worked to obtain
authorization from CVM and permission from
Auburn University to dlow theuse of MT on
yelow perch under Auburn’s INAD (obtained
February 22, 1996). The North Central
Regiond Aquaculture Center (NCRAC)
provided $27,000 to Southern lllinois
Univergty-Carbondale and the Universty of
Wisconsn-Madison to conduct atarget animal
safety sudy on MT with waleye and provided
$5,000 for Auburn University to conduct a
literature review of the environmentd data on
MT and submitted an EA to CVM on
November 7 and 26, 1998. CVM responded
to the EA on June 9, 1998 and Auburn is
preparing aresponse. The human food safety
portion of the NADA submission on MT was
submitted by Auburn Univergty to CVM for
review, and CVM accepted MT as sefe.

The Drug Enforcement Adminigtration (DEA)
has removed certain regulatory controls from
the use of 17c-methyltestosterone feed for
gender manipulation because the DEA
perceives that thereis no sgnificant potentia
for abuse,

A meeting was held with CVM, Rangen, Inc.,
and the National NADA Coordinator on
January 29, 1998 at CVM headquartersto
discuss the requirements to complete a NADA
gpplication for 17¢.-methyltestosterone and the
progress that has been made on the various
technica sections.

Rangen, Inc. submitted a letter of intent to
CVM on February 27, 1998 to pursue the
approva of 170.-methyltestosterone feed for
gender manipulation under an INAD (#10-
296).

On June 9, 1998, CVM responded to the EA
that was submitted by Auburn University on
November 7 and 26, 1997. A response
incdluding revisons to the caculaions and
assumptions made in the origina submisson
was prepared and submitted by Auburn to
CVM on October 30, 1998.
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PROGRESS ON THE IAFWA PROJECT
Severd meetings were hed at UMESC in May
and June 1996 to review the whole IAFWA
Project related to the following topics on each
of the 10 sudy plans: (1) remaining data
requirements, (2) tasks and jobs; (3)
assgnments for each job; (4) atime table for
completing each assigned task; (5) budget
projections by study plan and year; (6) budget
shortfalsfor the origind IARWA Project; and
(7) assessment of the potential products at the
end of the IAFWA Project. UMESC has
reprogrammed its effort and direction under the
IAFWA Project due to changesin
requirements and circumstances for
benzocaine, chloramine-T, hydrogen peroxide,
OTC, and sarafloxacin. Efforts were made to
save the entire IAFWA Project during
government downsizing and budget reductions.

A DAOS wasformed to aid the IAFWA
Project to achieveits god of obtaining drug
gpprovasfor U.S. public aguaculture. Thefirgt
meeting was held May 5, 1997 in Hot Springs,
Arkansss.

A meeting was held with representatives of the
USFWS, Biologica Resources Divison (BRD)
of the U.S. Geologicd Survey, CVM,
American Fisheries Society, the IAFWA, and
the National NADA Coordinator on
September 30, 1997 in Arlington, Virginia.
The specific objectives of this meeting were to
review and discuss. (1) the current status of
public sector aguaculture drug and chemicd
gpprovd activities; (2) the need for collecting
pivotd field efficacy dataat USFWSfacilities;
(3) the possihility of induding non-FWS entities
on itsINADs, (4) the steps needed to ensure
continued support for public sector drug
gpprova activities beyond June 1999; and (5)
other areas of interest that will foster continued
and future support for gpprova of aguaculture
drugs and chemicas. A mgor topic of
discussion centered on the lack of federa
funding from BRD for the IAFWA Project after
September 30, 1998. All groups agreed to
search for mechanisms and sources of fundsto
continue the IAFWA Project for atotal of at

least eight years (to June 30, 2002).
Subsequent meetings were held on March 20-
22,1998 and April 17-19, 1998 that produced
the support needed for the three-year
extenson.

A Work Planning/Coordination Meeting of the
IAFWA Project held November 19-20, 1998
in La Crosse, Wisconsn evaluated the progress
being made on the technical sections for each
work plan and made amendments to the
exising work plan where necessary.

DAOS met in Savannah, Georgiaon
September 11, 1998, in San Francisco,
Cdliforniaon March 26-27, 1999, and in
Killington, Vermont on September 16-17,

1999 to discuss the progress being made on the
IAFWA Project drugs and to support the
extenson of the IAFWA Project until at least
2002.

A meeting was held at the USFWS in
Arlington, Virginiaon January 11, 1999 to brief
Project stakeholders and participants on the
status of the IAFWA Project. Project issues
were discussed, daificatiionsin work plans
were presented and definitions of the Project
objectives were made.

Asareault of the January 11, 1999 mesting,
DAOQOS Chair Mike Gibson asked that brief
progress reports be prepared for submission to
al dstate resource agencies requesting
participation for an additiond three years. In
response, the National NADA Coordinator
and Dr. William Gingerich prepared documents
that were sent to the Chair to brief DAOS
members and date partners. Single page tables
and two page summaries of dl
accomplishments and the current status of each
project drug were prepared.

MEETINGSAND SPECIAL ACTIVITIES
The Nationa NADA Coordinator organized
and coordinated a magjor INAD/NADA
workshop in November 1995 under
sponsorship of CVM that led to increased
communications between INAD coordinators,
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better coordination of the data generation for
each drug, and consolidation of severd INADs.

CVM held a Joint Canadian-United States
Workshop on Jurisdiction of SeaLice
Treatment and Control in September 1996 that
will impact aquaculture drug gpprovas. One of
the action items resulting from the workshop is
the drategies and mechanics to inditute forums
for harmonization activities, i.e, the
establishment of ajoint Canadaand United
States Aquaculture Working Group. This
means that data could be shared and certain
requirements for dl drugs could be harmonized
S0 that there could be joint submissions leading
to gpprovas being granted smultaneoudy in
both countries.

The National NADA Coordinator met on
October 30, 1996 in Rockville, Maryland with
Dr. Meg Odller, CVM Liaison to NRSP-7,
and Dr. William Gingerich (UMESC) to
discuss coordination of the mutua projects that
NRSP-7 and the IAFWA Project havein
common. Both projects are working on
chloramine-T, copper sulfate, hydrogen
peroxide, OTC, potassum permanganate, and
sarafloxacin. Schnick also discussed
coordination of the other NRSP-7 projects on
common carp pituitary, erythromycin, and
amoxidllin.

CVM held amesting on February 13, 1997
with severd representatives from the
aguaculture community to discuss the effects on
aquaculture of two recent laws, the Animal
Medicinad Drug Use Clarification Act and the
Animd Drug Availability Act. CVM dso
released a document on April 30, 1997 that
further summarizes the two laws and the
asociated regulations.

The National NADA Coordinator chaired a

gpecid sesson on partnerships for aquaculture
drug gpprovas at World Aquaculture ‘97 held
in Sesttle, Washington on February 22, 1997.

The National NADA Coordinator helped to
coordinate the International Harmonization

Workshop for Aquaculture Drugs/Biologics
held in Sesttle, Washington on February 24,
1997. The purpose of the workshop was to
cregte an educationd forum to exchange
information and identify issues between public
and private sectors and international
organizations with the god of initiating follow-
up srategies to advance harmonization of drug
maximum residue levels, aguaculture drug
goprova standards, and biologica licensure.
Severd committees were set up to advance the
harmonization of aquaculture drugs and
biologics. The Nationd NADA Coordinator
chairs the committee to identify gpproved drugs
worldwide for aquaculture and which drugs are
being pursued for gpproval.

In February 1997, the Nationa NADA
Coordinator was elected to atwo-year term on
the Board of Directors of the U.S. Chapter of
the World Aquaculture Society.

To attract more pharmaceutical companiesto
aguaculture, the National NADA Coordinator
isworking on gaining information on the market
for aguaculture drugs both in the U.S. and
worldwide. She gave a seminar to the Pfizer
Anima Heath Group on May 5, 1997 to
encourage the company’ sinterest in developing
its products for aguaculture.

The Nationad NADA Coordinator wrote a
letter on May 29, 1997 in support of the efforts
by the Office of New Animd Drug Evduation
(ONADE) to the Director of that office, Dr.
Robert Livingston, because the progress that
the aquaculture industry is making toward
gpprovals has been helped by the ONADE.

The Nationd NADA Coordinator wrote a
letter on June 4, 1997 to Dr. Gary Edwards,
Assgtant Director-Fisheries, USFWS, in
support of having the Bozeman Nationa INAD
Office expanded in its scope to include other
entities under their INAD exemptions.
Currently, USFWS s pursuing the mechanism
that would alow other public agencies and
private producers to be cooperators under
USFWS INADs.
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The National NADA Coordinator wrote a draft
letter on July 30, 1997 about regulatory options
that would encourage anima drug approvas for
minor species and for minor use. The options
included: (1) criteriafor the determination of a
MiNOr Species or aminor use, (2) creating
additiond datutory authority, (3) administrative
and regulatory changes, (4) creating incentives,
and (5) extending exigting authority.

The National NADA Coordinator organized
and chaired afollow-up workshop and round
table to the International Harmonization
Workshop for Aquaculture Drugs and
Biologics that was held in Edinburgh, Scotland
on September 17, 1997 to identify approved
drugs worldwide for aguaculture, identify those
drugs that are being pursued for gpprovad, and
determine where cooperative efforts can begin.

On January 13, 1998, Schnick commented on
adiscussion draft “Proposals to increase the
availability of gpproved anima drugs for minor
gpecies and minor usg’ (MUMS document).

The Agriculture Research Service hdd a
Program Planning Session at SNARC on
February 2-3, 1998 to identify the principal
target species and research prioritiesfor a
comprehensve research program for the next
fiveyears.

Schnick organized and chaired a producers
session on compassionate INADs and was on
the program committee for the Internationa
Harmonization Mesting for Aquaculture Drugs
and Biologics a Aquaculture ‘98, Las Vegas,
Nevada, February 15-19, 1998. Schnick aso
gave apresentation at a specia session on
aguaculture drug gpprovas at the same
conference.

The National NADA Coordinator volunteered
to be on two National Aquaculture Association
committees—pursuing the Minor Use/Minor
Species provisons and developing awhite
paper on antimicrobid resstance. Sheis
working with the MUMS Codlition to develop
legidation that will go to Congressin 2000.

Comments were submitted to the U.S. FDA on
August 21, 1998 regarding the FDA
Modernization Act of 1997. The FDA was
urged to increase the number of aquaculture
reviewers and submit to Congressthe MUMS
document which was released to Congress and
the public on October 29, 1998.

The National NADA Coordinator reviewed the
MUMS document and presented analysis of
the proposal to the Anima Hedlth Ingtitute on
November 9, 1998. To fully implement the
MUMS document, the fallowing will be
required: (1) Sx amendmentsto the Food, Drug
and Cosmetic Act, (2) one amendment to the
Internal Revenue code, (3) increased or new
congressiona appropriations for budgets of
minor use programs (including UMESC,
SNARC, and Bozeman Nationa INAD Office)
and CVM, and (4) numerous changes to
federd regulations, policies, and adminidration
of FDA, CVM, and USDA.

The National NADA Coordinator participated
in aNovember 1998 workshop to develop
internationally harmonized sengtivity tests
These tests will dlow the aquaculture
community to defend its attemptsto gain
goprova and use of ora antimicrobidsin the
aquatic environment, an area under attack by
the CDC mainly because of antimicrobia
resstance issues. CDC has stated that the
environmenta application of antibioticsin
aguaculture should be banned.

The USFWS Bozeman Nationa INAD Office
expanded its scope in January 1999 to include
other entities (other public agencies and private
producers) under their INAD exemptions.

The National NADA Coordinator organized
and chaired a producers session on
compassionate INADs at Aquaculture America
‘99, Tampa, Florida, January 27-30, 1999.

The Nationa NADA Coordinator prepared a
draft letter for the Nationa Aquaculture
Asociation for additiond CVM funding and
reviewers for aquaculture drugs on February
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16, 1999 to dleviate the backlog in aguaculture
drug reviews.

A Web ste was established for the Nationd
NADA Coordinator on April 12, 1999 at
http://ag.ansc.purdue.edw/aquani c/jsa/Aquadrug
gindex.htm.

The Nationa NADA Coordinator organized,
chaired, and gave the keynote address at a
session on worldwide cooperation toward
aguaculture drug approvals at the 30" Annual
Mesting of the World Aquaculture Society,
April 26-May 2, 1999 in Sydney, Audtrdia

The Nationa NADA Coordinator attended a
mesting at the American Farm Bureau
Association on June 29, 1999 to bring together
dakeholders interested in forming a codition to
indtitute various provisonsin the MUMS
document. The intent wasto reach an
agreement on the priority provisons, develop
specific Srategies for implementing priority
items, identify collective and individud actions,
and develop an gppropriate communication
network.

In its meeting on September 8, 1999, the
MUMS Coadlition asked CVM a series of
questions and supplied aligt of provisonsit
supportsin generd. CVM was very supportive
of al the provisons and answered dl the
questions raised by the MUMS Caodlition.

The Nationa NADA Coordinator organized,
chaired, and gave the keynote address at a
sesson on internationa harmonizetion of
antibacteria approvas and sengtivity testing at
the EAFP 9" International Conference,
September 19-24, 1999 in Rhodes, Greece.

WORK PLANNED

The Nationd NADA Coordinator developed
an action plan that centers on coordinating al
drugs of high priority for aguaculture toward
NADAs through the INAD process. In
particular, Schnick plansto: (1) develop a
mgor initiative on amoxicillin to obtain approva
for its use as a broad spectrum antibacterid in

al fishes; (2) develop amgor initiative on
florfenicol to obtain gpprovd for itsuseasa
broad spectrum antibacterid in dl fishes, (3)
determine the potentid of fumagillin to control
or prevent whirling disease in sdlmonids and
hamburger gill disease in catfish and pursue an
INAD/NADA if feasble; (4) help develop the
anesthetic, Aqui-S™; (5) try to help the
industry overcome negative attitudes about the
perceived potentid for antimicrobidsto
develop resstance in humans from usein
aquaculture by participating in awhite paper on
the subject; (6) help to develop the MUMS
document for legidative action; (7) identify
potentia funding sources for INAD/NADA
activities, and (8) continue to coordinate efforts
to obtain approvasfor dl 19 high priority
aquaculture drugs and additiond new drugs as
they are identified.

IMPACTS

Establishment of the Nationad NADA
Coordinator position in May 1995 has resulted
in coordination, consolidation, and increased
involvement in the INAD/NADA process on
18 of the 19 high priority aquaculture drugs and
activities on 14 new drugs of interest to
aquaculture. Twenty established or new
INAD/NADA sponsors have initiated new
INADs and progress has been made toward
unified efforts on existing and new
INADSNADAS or have renewed their
commitment to the INAD/NADA process on
their drug products.

This enhanced coordination will help gain
extensions and expansions of approved
NADASs and gain approvals for new NADAS.
In fact, an origind NADA has been approved
by CVM for Chorulon® as a spawning ad for
al fish, asupplemental NADA has been
goproved for formdin asafungicide on dl fish
eggs and externd parasticide on dl fish, and a
new NADA has been granted to Western
Chemicd Inc. for its MS-222 product (an
anesthetic).

The approva of the candidate drugswill aid the
aguaculture industry to reduce mortaities
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associated with infectious and handling diseases Efforts to develop the MUM S document into
and to increase their efficiency by usng legidation will encourage more Sponsors to
gpawning aids and gender manipulation ads. support aquaculture drug approvas

The domestic aguaculture industry will be

better able to ddiver more and hedthier aguatic PUBLICATIONS, MANUSCRIPTS,
gpecies for consumption and recrestiona PAPERS PRESENTED, AND REPORTS
purposes and to compete with foreign See Appendix A.

producers who can use many drugs without

regulation.
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PPOR]
- N 85 S ,S' OTHER SUPPORT roTAL
FUNDING | VST | inDusTRY 2THER | oTHER TotaL | SUPPORT
1992-93 $17,000? $17,000 $17,000
1993-94 $2,000 $12,180° $4,000° $16,180 $18,180
1995-96 $5,000 $22,750 $63,359 $11,000" $97,109 $102,109
1996-97 $10,000 $29,000° $46,920" $26,000 $101,920 $111,920
1997-98 $15,000 $42,000 $54,419 $11,000 $107,419 $122,419
1998-99 $13,241 $37,500™ $54,418" $22,000° $113,918 $127,159
1999-00 $10,000 $34,000P $55,834° $30,000° $119,834 $129,834
TOTAL $55,241 $121,250 $248,396 $104,000 $573,380 $628,621

aUSDA funding through a Cooperative Agreement with NCRAC

PUSDA funding through a Cooperative Agreement with NCRAC ($8,500) and FDA:s Office of Seafood Safety ($3,680)
°Northeastern Regional Aquaculture Center ($2,000) and Southern Regional Aquaculture Center ($2,000)

dAmerican Pet Products Manufacturers Association ($7,500), American Veterinary Medical Association ($10,000), Catfish
Farmers of America ($2,000), Florida Tropical Fish Farm Association, Inc. ($500), Natchez Animal Supply ($1,000), National
Aquaculture Council ($1,000), Striped Bass and Hybrid Producers Association ($500), and American Tilapia Association ($250)
*USDA funding through a Cooperative Agreement with NCRAC ($20,000), CVM ($20,359), and USDI/NBS International
Association of Fish and Wildlife Agencies Project ($23,000)

f Center for Tropical and Subtropical Regiona Aquaculture ($5,000), Fish Health Section of the American Fisheries Society
(%$1,000), and Northeastern Regional Aquaculture Center ($5,000)

sAmerican Pet Products Manufacturers Association ($1,000), American Veterinary Medical Association ($10,000), Catfish
Farmers of America ($10,000), Florida Tropical Fish Farms Association, Inc. ($1,500), Striped Bass & Hybrid Producers
Association ($1,500), Simaron Fresh Water Fish, Inc. ($2,500), and Abbott L aboratories ($2,500)

"CVM ($18,400) and USDI/NBS International Association of Fish and Wildlife Agencies Project ($28,520)

iCenter for Tropical and Subtropical Aquaculture ($10,000), Fish Health Section of the American Fisheries Society ($1,000),
Northeastern Regional Aquaculture Center ($10,000), and Western Regional Aquaculture Center ($5,000)

iAmerican Pet Products Manufacturers Association ($1,000), American Veterinary Medical Association ($10,000), AquaCenter,
Inc. ($2,500), Aqui-S New Zealand Ltd. ($2,500), Catfish Farmers of America ($10,000), Earth Science L aboratories, Inc.
(%$2,500), Florida Tropical Fish Farms Association, Inc. ($1,500), Gurvey & Berry, Inc. ($5,000), National Aquaculture
Association ($2,000), Simaron Fresh Water Fish, Inc. ($2,500), Striped Bass & Hybrid Producers Association ($1,500), and
Western Chemical, Inc. ($1,000)

“CVM ($18,519) and USDI/BRD International Association of Fish and Wildlife Agencies Project ($35,900)

' Center for Tropical and Subtropical Regional Aquaculture ($10,000) and Fish Health Section of the American Fisheries Society
(%1,000)

mAmerican Veterinary Medical Association ($10,000), Aqui-S New Zealand Ltd. ($1,500), Carus Chemical Corporation ($1,000),
Catfish Farmers of America ($10,000), Kent Seafarms Corporation ($1,000), National Aquaculture Association ($2,000), Phelps
Dodge Refining Corporation ($5,000), Sanofi Santé Nutrition Animale ($2,500), Simaron Fresh Water Fish, Inc. ($2,500), and
Striped Bass & Hybrid Producers Association ($2,000)

"CVM ($18,519) and USDI/BRD International Association of Fish and Wildlife Agencies Project ($35,899)

° Center for Tropical and Subtropical Regional Aquaculture ($10,000), Fish Health Section of the American Fisheries Society
(%1,000), Fish Culture Section of the American Fisheries Society ($1,000), and Western Regional Aquaculture Center ($10,000)
» American Pet Products Manufacturers Association ($1,000), Aqui-S New Zealand Ltd. ($1,500), Catfish Farmers of America
(%$20,000), Florida Tropical Fish Farms Association, Inc. ($2,000), Kent Seafarms Corporation ($1,000), National Aquaculture
Association ($2,000), Phelps Dodge Refining Corporation ($5,000), Sanofi Santé Nutrition Animale ($2,500), Simaron Fresh
Water Fish, Inc. ($2,500), Stoller Fisheries ($1,000), Striped Bass & Hybrid Producers Association ($2,000), U.S. Trout
Farmers Association ($1,000), and Vericore Limited ($2,500)

4 CVM ($18,519) and USDI/BRD International Association of Fish and Wildlife Agencies Project ($37,315)

" Center for Tropical and Subtropical Regional Aquaculture ($10,000), Northeastern Regional Aquaculture Center ($10,000), and
Western Regiona Aquaculture Center ($10,000)
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TILAPIA®

Project Termination Report for the Period
September 1, 1996 to August 31, 1999

NCRAC FUNDING LEVEL: $120,000 (September 1, 1996 to August 31, 1999)

PARTICIPANTS:

Paul B. Brown Purdue Univergty Indiana
Konrad Dabrowski Ohio State University Ohio
Paul A. Fuerst Ohio State University Ohio
Dondd L. Galing Michigan State Universty Michigan
Christopher C. Kohler Southern Illinois University-Carbondde lllinois
Kerry W. Tudor [llinois State Universty lllinois

I ndustry Advisory Council Liaison:

Curtis D. Stutzman Kaona lowa
Extension Liaison:

Dondd L. Galing Michigan State University Michigan
Non-Funded Collaborator:

Dr. Victor Wu Nationd Center for Agriculturd Utilization, lllinois

ARS, USDA, Peoria

REASONS FOR TERMINATION

The objectives for this project were completed
or carried over into the second Tilapia project
and funds were expended.

PROJECT OBJECTIVES
(1a) Deveop and/or identify codt-effective
feedsfor tilgpiaculture in recirculating

systems that minimize waste generation.

(1b) Compare and evauate economically
important traits of current commercia
tilgpia strainsin the North Central
Region (NCR) with other strains
cultured in recirculating systems.

PRINCIPAL ACCOMPLISHMENTS
Niletilgpia (Oreochromis niloticus) from the
same genetic stock were used for dl nutritiona
experiments conducted at Sites participating in

research on Objective 1a. This stock was aso
included in genetic research by Ohio State
University (OSU) on Objective 1b.

This project has provided seed monies that
have been supplemented by indusiry and the
inditutions involved. Theratio of other support
to North Centra Regiona Aquaculture Center
(NCRAC) fundswas 2.3 1.

OBJECTIVE 1A

Research at Purdue University (Purdue) was
designed to provide formulation guidelines for
practical grow-out diets that are free of fish
med. Intheinitia phase of this project, 28%
crude protein was identified as the minimum
amount that resulted in maximum weight gain.
In the second phase of the project, the optimum
energy to protein ratio was explored using the
minimum crude protein concentration. The
optimum energy and lipid concentrations of

12NCRAC has funded two Tilapia projects. A progress report for the second project is contained elsewhere in this Annual
Progress Report. This termination report is for the first Tilapia project, which was chaired by Donald L. Garling. It was

originally a 2-year study that began September 1, 1996.
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grow-out tilgpiawere Smilar to values
developed for smdler fish usng purified diets
(3,000-3,200 kcal/kg [1,361-1,452 kcal/lb],
or 4-6% dietary lipid). Dress-out percentages
and nutritiond composition were not
ggnificantly impacted a dietary lipid levels of
8% and lower. Thiswork has been continued
in the second Tilipia project to determine
methionine and chaoline requirements which are
deficient in dl plant diets.

Investigators & lllinois State Universty (ISU)
compared 28% crude protein and 34% crude
protein diets that were free of fish med with a
36% crude protein experimentd diet that
contained 6% fish med by weight and a 36%
crude protein commercia diet (Purina5144).
The diets were tested over 8-week intervalsin
the recirculating grow-out facility at 1SU.
Resultsindicated that fish fed the commercid
diet redized superior growth and gresater
efficiency of protein utilizetion compared to fish
fed the three experimentd diets. Although the
28% crude protein and 34% crude protein
diets were based upon diets formulated and
tested a Purdue, the results of the ISU
experiment do not negate results obtained at
Purdue. Because two different feed processors
prepared the ISU and Purdue diets,
modifications in ingredients were required. In
addition, sources of error were found to be
more difficult to contral in the ISU grow-out
fadlity.

InYear 1 of the project, researchers at OSU
replaced dietary fish medl protein with an
anima by-product mixture. There were no
sgnificant differencesin growth among fish fed
on fish meal-free or animal by-product based
diets. InYear 2, OSU researchers completed
afeeding experiment with five feed formulations
where fish med protein was gradually replaced
(25, 50, 75 and 100%) with cottonseed meal
protein, o that one diet was dl-plant protein.
Essentid amino acids, lysine, and methionine
were supplemented in the test diets to account
for an indigpensable amino acid requirement. A
16 week feeding study was conducted with
tilgpia having an initid weight of 10.2-134 g
(0.36-0.47 0z). Anticipated effects of diet

formulations with cottonseed med include
gossypal toxicity, phytoestrogen effects, and
decreased availability of essentid amino acids.
There were sgnificant differencesin growth
among fish fed diets with 75 and 100%
cottonseed med and the rest of the digtary
treatments. Growth depression amounted to
33.3 and 54.1%, respectively. Tilapiafed diets
containing 75% or higher of cottonseed medl
had sgnificantly depressed hemoglobin and
hematocrit values in comparison to fish fed a
diet based on fish meal. For example,
hematocrit values were depressed to 7-9% in
comparison to 31-35% in fish fed diets with no
or 25% cottonseed medl protein. Thiswasthe
first observation of pathologies related to
cottonseed med inclusion in diets of tilgpia,
which was considered to be one of the most

resistant species to gossypal toxicity.

Researchers a Michigan State University
(MSU) evauated the effect of phytic acid,
contained in many oil seed medls, on protein
digegtion and availability and the use of the
enzyme phytase to amdliorate these effects. In
Year 1, they completed experiments that
indicated feeding tilgpia maintained on a
photoperiod of 14-h light/10-h dark to satiation
three times per day improved growth and feed
utilization compared to fish fed one, two, or five
times per day. Two studies to determine the
rate of feed and fecd movement through the
intestine to determine an appropriate procedure
for digedtibility trids and phytate binding sudies
were also completed. InYear 2, MSU
researchers fed juveniletilapiaaherring med
control diet or experimentd diets which
incorporated either untreated or phytase-
treated soybean meal subgtituted at 0, 25, 50,
75, or 100% of the total protein. Thedry,
untreated soybean med diets contained O,

0.20, 0.39, 0.58, and 0.77% phytic acid,
respectively. Phytic acid was below detectable
limitsin dl the phytase-tregted diets. During an
eight week growth trid, fish were evauated for
weight gain, whole body crude protein, feed
converson ratio, protein efficiency ratio, and
goparent net protein utilization. Aninverse
relationship was observed between percent
substitution of soybean medl and growth,
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protein efficiency ratio, and apparent net
protein utilization. Differences were not
sgnificant from the control for either trestment
until soybean mea comprised 1009 of the
dietary protein. Significant differences detected
between the treated and untreated groups were
at 50% replacement for growth and feed
conversion ratio; 50 and 100% replacement for
protein efficiency ratio; and 50, 75, and 100%
replacement for gpparent net protein utilization
(P <0.05). Indl ingancesthefish fed the
untreated diets performed better than the fish
fed the phytase-treated diets.

Inafina series of experiments, juveniletilapia
were fed dietsincorporating graded levels of
phytic acid into a herring med based diet.
Phytic acid incorporation was cdculated to
correspond to phytic acid levelsin soybean
med in dietsincorporating 0, 25, 50, 75, 100,
and 200% of the protein, on a dry matter basis
into a 33% crude protein diet. Percent weight
gain among the treatments was 430-560%.
Fish fed diets containing phytic acid at 1.5% of
the dry diet, or twice as much phytic acid as
determined in soybean med, showed the lowest
increase in weight gain. No relationship to the
amount of phytic acid incorporation could be
determined.

Researchers a Southern Illinois Univerdty-
Carbondae (SIUC) evauated Yucca shidigera
extract (Micro-Aide, Digtributors Processing
Inc., Porterville, Cdifornia) as afeed additive
to reduce fecd ammonia They fed juvenile
tilapia (22.8 + 1.8 g; 0.80 + 0.06 0z) diets
containing the extract to determineits effects on
growth. The extract was added to a
commercidly available feed (Rangen
Production™ 32% crude protein, floating 3/16
in pellet) to yied treatments of 0, 0.5, 1.0, 1.5,
and 2.0 g of extract per kg (0.000, 0.008,
0.016, 0.024, and 0.032 oz per |b) of diet.
Four replicates of each treatment were
randomly assigned to separate circular tanks
(300 L; 79.3 gd) stocked with five fish each.
Culture conditions were maintained with a
gngle recirculating system with water
temperatures between 28-30°C (82.4-86.0°F)
and a photoperiod of 14-h light/10-h dark

cycle. Tota ammonia and nitrite concentrations
were monitored weekly. All fishwerefed & a
rate of 4% body weight divided over two
feedings (dry feed per wet body weight)
corrected for changesin fish weight every two
weeks. After atwo week acclimation period,
experimental diets were fed for 12 weeks. At
the completion of the feeding trid, al fish were
sacrificed and analyzed for proximate
compoasition of the whole body. Growth in
terms of percent weight increase was
sgnificantly different only between treatments
containing 0.0 and 1.5 g extract per kg of diet
(0.000 and 0.027 oz per Ib), with values of 361
and 258%, respectively. All other extract
levels produced growth responses that were
intermedi ate between those extremes and were
not satigticaly different. Thiswork isbeing
continued in the second Tilapia project.

OBJECTIVE 1B

Previoudy, OSU researchers developed a
series of short tandem repesat (microsatellite)
loci, which were isolated from the
haplochromine cichlid species
Astatoreochromis alluaudi. From these a
subset of eight microsatellite markers was
identified which have been used to characterize
grains of tilgpia and which are able to amplify
genetic materid from aseries of seventilapia
species (O. nilaticus, O. variabilis, O.
esculentus and O. leucostictus, aswdl as
hybrid strains of Oreochromis, and Tilapia
rendelli and T. zlli, and Seratherodon
galileus) to verify their utility and genetic
varigbility. In addition to the microsatellite
markers, OSU researchers have used a set of
markersisolated by Thomas Kocher of the
Univerdsty of New Hampshire to determine
gendtic variaion in populations of tilapia,
especidly O. niloticus. The populations
examined included an aguacultura stock
maintained at OSU'’ s Piketon Aquaculture
fecilities, astock of O. niloticus recently
isolated from the wild, and a set of natura
populations of O. niloticus from East Africain
the Lake Victoria basin and other lakes of
Uganda. A set of studies have been completed
on the use of randomly amplified polymorphic
DNA (RAPD) applied to O. niloticus
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populations. These results were compared to
the aquaculture Srains. They show that the
RAPD technology isaquick, reatively
inexpensive approach to assessng genetic
variaion and interstrain divergence. OSU
researchers have aso becomeinvolved in a
review of worldwide genetic resources of
tilgpiawhich will be published in an important
compilation of information on the biology of
tilgpiaas used in aquaculture. Findly, they
have used their microsatellite markers to
experimentaly assess the impact of breeding
Sructure on loss of genetic variahility of smdl
populations. Such populations are equivaent to
many which would be found in aquacultura
gtuations. Thelr results show that genetic
vaiation isbeing lost at a much faster rate than
usudly assumed. Thisislikdy to have
important implications on efforts to maintain
genetic variation in sock srains of tilgpia The
comparison of genetic variation in natural and
aquaculture srains will alow a better
assessment of the variability between strains
which OSU is sudying in ongoing growth and
sex-reversd experiments being carried onin
Dabrowski's laboratory.

SIUC researchers identified Six strains or
hybrids of Nile tilgpiathrough the
Aquaculture® Magazine Buyer’s Guide and
Industry Directory. No loca sources of red
tilapiawere available at the appropriate size,
one white strain came from Colorado and one
was bred in-house, and the two Nile strains
came from different sourcesin Indiana. An
initial grow-out period was necessary to obtain
the mean tank starting weight of at least 50 g
(1.8 02) per fish. Grow-out experiments were
conducted for 24 weeks, with bi-weekly
sampling to determine weight gain and to
recdculate feeding rates. Upon termination of
the study, each fish was weighed and measured
individualy. Ten fish from each dtrain, except
Arizona Red, werefilleted to caculate the
dress-out percentage and for proximate
andyss. The viscerawere dso weighed to
cdculate the viscerd somatic index. Individuds
from the Arizona Red tilgpia stocks did not
reach 200 g (7.1 0z) and were not included in
the dress out and proximate anayss.

The top two performers were the Aquamanna
Niles and the Rocky Mountain Whites,
achieving find mean fish weights of 512.1 +
33.6and4159+459g(181+1.2and 14.7 £
1.6 0z), respectively. The Arizona Red gtrain
did not reach market weight by the end of the
sx-month study (122.4 + 12.3g; 43+ 04
0z). Both of the best performing strains
exhibited an 87% increase in weight, but the
initial average weight of the Aquamanna drain
was 13.1 g (0.5 0z) higher than the Rocky
Mountain Whites.

Feed conversion ratios were very poor dueto
failures of the heeter in the recirculating system,
and subsequent disease loss in some drains.
Temperatures were a times below 25°C
(77.0°F), but never below 21°C (69.8°F).
However, dl fish were subjected to the same
temperature regime. The possbility exigs that
the best performing species strains and hybrids
were the most cold tolerant. The Rocky
Mountain Whites had the lowest feed
converson ratio a 3.2, and the Arizona Reds
had highest a 6.0. The other four Strainswere
not sgnificantly different ranging from 4.1 to
5.0. The viscerd somatic index did not differ
ggnificantly (P = 0.05) among the Six dtrains,
ranging from 5-19%. Surprisngly, the dress-
out percentages did not differ sgnificantly
between the species strains or hybrids, with the
exception of the Arizona Red strain which did
not reach market size. Dress outs ranged from
25.23 £ 2.71t0 31.42 £ 2.19% of tota fish
weight. Based upon dl data, the Aquamanna
Nile strain appeared to be the top performer
among the sSix species/'strainghybrids tested in
the SIUC system, even though the Rocky
Mountain Whites had adightly higher increase
in mean tank weight and a much better feed
converson ratio. The AquamannaNile grain
was the only dtrain to reach a potentia market
weight during the Sx month study, but the
Rocky Mountain Whites may have resched
market weight had the heating system not
falled.

IMPACTS
Quantifying criticd nutritiond requirements for
targeted species reduces feed costs and alows
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vaiation in use of feed ingredients. The
research completed a Purdue, 1SU, MSU,
OSU, and SIUC is defining atilapia diet and
feeding dtrategies that will improved production
in recirculating aquaculture systems.

Gross formulation guidelines for grow-out
tilapia diets that are free of fish med have been
developed by Purdue and field tested by 1SU.
The basic formulation will be expanded to
incorporate other ingredients that are readily
available in the NCR in the second Tilgpia
project. These formulations could be taken to
locd feed mills which should significantly
reduce feed cogts, one of the most expensive
annua variable cogts in tilapia production.

Research a OSU has provided strong evidence
that a diet with 50% fish med protein replaced
with cottonseed meal can be used to produce
marketable-size tilgpia without compromising
growth rate. Taking into account August 1998
prices for menhaden fish med ($0.62/kg;
$560/ton) and cottonseed mea ($0.15/kg;
$140/ton), this replacement should make
consderable difference in feed codts.
However, the decreased hematol ogical
parameters would most severely affect fish
performance in conditions of low oxygen
concentrations. Therefore, it is recommended
that there should be no more than 50% protein
replacement for tilapia production in
recirculating systems. Further studies need to
be conducted on possible impact of gossypol
on marketability of fish fillet.

MSU research has lead to the development of
more efficient feeding strategies and improved
methods to determine digestibility for tilgpia.
Their research has indicated that soybean med
could be incorporated into juveniletilgpia diets
at levels up to 50% of the protein in a32%
crude protein diet. Unlike mammals, poultry,
and rainbow trout, their results suggests that
treating soybean med with phytase does not
increase digtary nitrogen retention.  This may
reflect higher levels of proteolytic activity
compared to carnivorous fish and terrestria
vertebrates.

Incorporation of Yucca shidigera extract into a
practica diet for tilapia does not appear to
adversdy affect growth response when
incorporated at lessthan 2 g of extract per kg
(0.032 0z per Ib) of diet. Work in progress as
part of the second tilapia project will determine
the efficacy of the extract in enhancing protein
utilizetion and/or managesbility of nitrogenous
wastes.

The development of genetic markers and
assessment of genetic differences between
grainswill help aguaculturigts better evaluate
the importance of interstrain differences. In
addition, development of new markerswill
have a sgnificant contribution to the effort to
develop a genome map for tilapiawhich can be
used to direct future selective breeding for
improved aguacultura production.

RECOMMENDED FOLLOW-UP
ACTIVITIES

Producers throughout the NCR areraisng
tilgpia However, the combination of species
and culture system are not operating at peak
efficiency. Dietsfed to tilgpiaare most often
modified catfish diets. Those same diets are
thought to cause increased muscle lipid
concentrations in catfish. If the same problem
exigsin tilapia during the grow-out phase of
production, then the same problems will occur
asin cafish. Fish containing reaively high
concentrations of lipid in the muscle are subject
to more rapid uptake of off-flavor compounds
from the water. Further, shdf life of the
product can be impaired because of the higher
degree of lipid oxidation that can occur. Higher
lipid concentrationsiin filletsis often the result of
imbalanced energy to protein ratio. Thus, the
benefits of thisline of research are continued
improvement of diets fed to tilgpiain
recirculating systems, continued devel opment of
al-plant diets, enzymatic feedstuff
enhancement, and use of anima agriculture co-
products that can be easly manufactured in this
region, and continued improvement in product
quadlity for the consumer. While sudies
conducted as part of this project and the
second Wastes/Effluents project have provided
important information regarding tilapia
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production, they have aso served to emphasize
severd areas in which improvements are
needed.

Results of the diet studies conducted as part of
this project and the second Wastes/Effluents
project are being used to continue to improve
feed formulations specificaly for tilapiareared
in recirculating systems as part of the second
Tilgpiaproject. Feeds developed through this
project are being evauated againgt standard
commercid feedsin different commercid scde
recirculating aguaculture systems based on
growth, performance (surviva, hedlth, feed
converson), water quality, and economic
impacts. Development of dl-plant diets and
continued research on dternative ingredients
and waste management issues should reduce
cogtsfor tilapia producersin the NCR.

The ahility to evauate genetic differences within
and between drains, and to determine the
degree of hybrid mixture within some srains
will asss the design of future work to select
grains which are better adapted to culture
conditions which will be utilized in the northern
U.S, and to asss in the evauation of genetic
schemes such asthe production of YY made
lines, which can be used to improve
aquacultura production. Gene markers for
hypervariable neutral polymorphisms have been
shown to be able to discriminate among
populations and species with better resolution
than morphometric traits. These gene markers

aso have the potentia for gpplication in
aquaculture, including identification of
individuas, families and species, and labeling of
brood stocks. They can aso be of importance
in the identification of hybridization between
stocks and species and in the monitoring of
inbreeding rates in managed stocks for proper
fisheries management.

OSU researchers have used their microsatellite
markers to experimentaly assess the impact of
breeding structure on loss of genetic variagbility
of samdl populations. Such populations are
equivaent to many which would be found in
aquecultura Stuations. Their results have
shown that genetic variation isbeing logt a a
much fagter rate than usudly assumed. Thisis
likely to have important implications on efforts
to maintain genetic variation in sock strains of
tilgpia The comparison of genetic variationin
naturd and aquaculture srainswill dlow a
better assessment of the variability between
drains Genetic guiddinesfor tilapiafingerling
producers should be developed to maintain
genetic diversity. Further studies are needed to
compare growth and performance of srains
and hybridsrelative to their level of genetic
variaion under recirculating aguaculture
conditions typicaly encountered in the NCR.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

See Appendix A for acumulative output for all
NCRAC-funded Tilgpia activities.

PPOR
O B v e — o,
FUNDING SITY INDUSTRY FEDERAL OTHER TOTAL
1996-97 $86,500 $104,635 $56,566 $161,201 $247,701
1997-98 $33,500 $51,795 $46,000 $97,795 $131,295
1998-99 $7,250 $11,000 $18,250 $18,250
TOTAL $120,000 $163,680 $113,566 $277,246 $397,246
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Progress Report for the Period
September 1, 1998 to August 31, 1999

NCRAC FUNDING LEVEL: $74,773 (September 1, 1998 to August 31, 1999)

PARTICIPANTS:

Paul B. Brown Purdue Univergty Indiana

Christopher C. Kohler Southern Illinois University-Carbondde lllinois

Dondd L. Galing Michigan State Univergity Michigan

Susan T. Kohler Southern Illinois University-Carbondde lllinois

I ndustry Advisory Council Liaison:

Gene Watne North American Fish Farmers Cooperative,  North Dakota
Vdva

Extension Liaison:

Dondd L. Garling Michigan State Universty Michigan

Non-Funded Collaborators:

Myron Kloubec Kloubec Fish Farms, Amana lowa

Forest Sawlaw ADM (Archer, Daniels, Midland), Decatur lllinois

Chris Shimp Grayson Hills Farms, Harrisburg lllinois

Dan Selock Aquaculture Consultants for the Heartland, lllinois
Carbondale

PROJECT OBJECTIVES: (2) Conduct “bresk-even andyss’ for raising

(1) Compare feeds developed through the first
NCRAC-funded Tilgpia project aswell as
the Wastes/Effluents project to standard
commercid feedsin different commercid

tilgpiain arecirculating aquaculture system
on acommercid scaewith aminimum
recirculaing systlem size of 18,927 L
(5,000 gal) per biofilter, capable of

scale recirculating aguaculture systems producing a minimum of 11,340 kg/yr
based on growth, performance (survivd, (25,000 Iblyr).

hedlth, feed conversion), water quaity, and

economic impacts. To ensure the ANTICIPATED BENEFITS

applicability of resultsto commercia Sgnificant modifications in dietary formulation
systems, the minimum sze of an for tilgpia are needed if the industry isto be
experimentd recirculating unit must be competitive with foreign imports. The moveto
18,927 L (5,000 gd) per biofilter and the al-plant diets, continued research on dternative
minimum replicate tank size mugt be a least ingredients, and waste management issues
3,785 L (1,000 gal). should dlow tilgpia producersin the North

Centrd Region (NCR) to redlize some of the

1BNCRAC has funded two Tilapia projects. A termination report for the first project is contained elsewhere in this Annual
Progress Report. This progress report is for the second project, which is chaired by Paul B. Brown. It isa2-year study that

began September 1, 1998.
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competitive advantage they have by producing
fish close to mgor markets.

This project will dso indude a comprehensive
andlyss of the cogsinvolved in commercidly
raising tilapiain an indoor recirculaing system.
These figures can then be compared with
expectations about market prices to determine
if the production of tilapiain indoor recirculating
systemsis economicdly vigble.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

In the first tilapia project, researchers at Purdue
Universty (Purdue) found that a minimum of
28% crude protein was required in fish med
free grow-out diets for maximum weght gain.
They dso explored the optimum energy to
protein ratio using the 28% crude protein
concentration. The Purdue researchers found
the optimum energy and lipid concentrations of
grow-out tilapia (Nile tilapia, Oreochromis
niloticus) were smilar to values developed for
amadller fish using purified diets (3,000-3,200
kcal/kg [1,361-1,452 kcal/lb], or 4-6%
dietary lipid). Dress-out percentages and
nutritional composition were not Sgnificantly
impacted a dietary lipid levels of 8% and
lower.

Additiond research conducted by Purdue in the
first year of the present project indicated that
cholineisarequired vitamin in diets fed to
tilgpia when methionine concentrations are at
the minimum requirement and thet
phosphatidylcholine exerts a beneficid effect on
weight gain and feed converson. Both
nutrients are limiting in al-plant diets fed to

tilgpia
During thefirst year of this project, Southern

Illinois University-Carbondde (SIUC)
researchers worked with Grayson Hills Farms

in Harrisburg, llinois to modify their
greenhouses to accommodate tilapia
production. Eight 18,927-L (5,000-gal)
concrete tanks were constructed. Four of
these tanks were equipped with bead biofilters
and pumps and stocked with 3,000 tilapia (O.
niloticus) fingerlings. Water from the tanksis
distributed through tomato plant roots grown
directly above the fish tanks hydroponicaly.
The bead biofilters serve to collect solid wastes
while providing mediafor bacterid nitrification.
The tomato plants serve to remove dissolved
nutrients from the sysem. Inorganic fertilization
use for the tomato production has been
reduced by half as a consequence. Thefirst
crop of fish will be ready for harvest in
November 1999.

Severd |aboratory studies were conducted at
SIUC to test the feagibility of using beet pulp in
tilgpia diets (conducted in conjunction with the
second NCRA C Wagtes/Effluents project).
The nature of tilapiafeces, which stringsout in
geatinous strands, proved not to be conducive
to thisstrategy. Instead of the additiond fiber
weighing down the feces and making settlement
easer, the excess fiber tended to make the
fecd strands more fragile, resulting in them
breaking apart. Accordingly, the use of beet
pulp in tilapia feeds will only be examined
further if grinding the pulp into smaler particles
provides the intended effect (Sudies which are
underway).

Michigan State Universty (MSU) has begun
drafting an extendgon publication on feeding
methods for tilgpia to enhance production in
recirculating aguaculture systems.

During the first year of the project SSUC
determined the capita costs for construction of
the concrete raceways and associ ated
equipment & Grayson HillsFarms. Site
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preparation and excavation costs for eight
raceways included $2,400 for labor and
$3,300 for equipment rental. Each raceway
required $550 in concrete, $200 for seder and
$450in labor. Each raceway was equipped
with heating coils a a price of $150, a1/2 hp
high volume low head submersible pump ($800
each), and aBBF-4™ bead bidfilter ($1,250
each). One 1.0 hp regenerative blower ($400)
was purchased to service four raceways.
Accordingly, capita expenditures were $4,162
per completed raceway.

WORK PLANNED

Research planned by Purdue scientists to
evauate severd new diet formulations at
commercid production Stesin lowaand lllinois
were delayed by unexpected changesin
management & both facilities. Those sudies
will be undertaken during 1999-2000.

Researchers at SIUC have been evad uating
Yucca shidigera extract (Micro-Aide™,
Digtributors Processing, Inc., Porterville,
Cdifornia) in tilapia feeds as part of the second
NCRAC Wastes/Effluents project. This
extract has shown promise in the control of
ammoniawith various terrestria livestock
animds, aswell asin dogs and cats. Should
laboratory studies indicate promise for the use
of thisextract in tilgpia feeds, areplicated
commercid-scae sudy will beinitiated with
appropriate controls. A research-scale study
will aso be conducted for comparative
purposes. Alternately, studieswill be
conducted comparing feed specificaly
formulated for tilgpiawith one formulated for
channd catfish. Studies will commencein fal
1999.

MSU will complete the tilapia feeding methods
extension publication during the second year of
the project.

SIUC will determine the fixed and variable
cogts in conjunction with the tilapia feeding

tridsin Year 2. Actud figuresfor capitd,
fixed, and variable costs will be used to
cdculate the “ bresk-even andysis” Sengtivity
andysis will aso be conducted on production
costs.

IMPACTS

Gross formulation guidelines for grow-out diets
that are free of fish medl have been devel oped.
The basic formulation will be expanded to
incorporate other ingredients that are readily
avalableinthe NCR. These formulations
could be taken to local feed mills which should
sgnificantly reduce feed codts, one of the most
expendve annua varidble cogsin tilgpia
production.

A commercia-scale recirculating aquaculture
system incorporating hydroponic tomato
production has been established at Grayson
Hills Farm. Commercid-scae feeding Sudies
will provide “real world” data on tilapia growth
and nutrition, water quaity, and cost of
production. The project will aso compare
commercid-scae studies to alaboratory-scae
study to alow for an assessment of “scade’ with
respect to data interpretation.

This project will provide information on
economic conditions and congraints affecting
profitability of acommercid tilapia aguaculture
gystlem. It ultimately will provide information on
production costs and potential revenues as well
as codts per unit of production to cover
expenses. Theinformation on factors affecting
profitability and measures to be taken to reduce
cogts and/or increase revenues will enable
producers to make informed decisons on the
potentiad of indoor recirculating aguaculture
systemsfor tilgpia. The project has the added
impact of providing data regarding integration
of aguaculture with hydroponics, commonly
referred to as aguaponics.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

See Appendix A for acumulative output for all
NCRAC-funded Tilgpia activities.
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SUPPORT
NCRAC- OTHER SUPPORT
YEARS FLEJNISIDDI/?\\IG UNIVER- INDUSTRY OTHER OTHER TOTAL SJSJSII?_T
SITY FEDERAL
1998-99 $74,773 $82,052 $82,052 $156,825
TOTAL $74,773 $82,052 $82,052 $156,825
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Progress Report for the Period
September 1, 1998 to December 31, 1999

NCRAC FUNDING LEVEL: $22,500 (July 1, 1998 to December 31, 1999)

PARTICIPANTS:

Jeffrey L. Gunderson University of Minnesota-Duluth Minnesota
Roy C. Hedinger Southern Illinois Universty-Carbondade lllinois
Rondd E. Kinnunen Michigan State Univergty Michigan
Christopher C. Kohler Southern Illinois Universty-Carbondade lllinois
Jeffrey A. Mdison University of Wisconan-Madison Wisconsin
Joseph E. Morris lowa State University lowa
Robert C. Summerfdt lowa State University lowa
Harry Westers Adquaculture Bioengineering Corporation, Rives ~ Michigan

Junction

PROJECT OBJECTIVE
Develop white papers on alimited number of
species and systems.

ANTICIPATED BENEFITS

The North Centrd Regiona Aquaculture
Center (NCRAC) Board of Directors
approved thefina draft of a Strategic Plan for
the Center on June 16, 1999 (see Appendix
B). Thefirg goa of the NCRAC Strategic
Planisto research, develop, and extend
profitable aquaculture technology, marketing,
and economics for alimited number of species
and sysems. Thefirgt objective for achieving
that god isto develop along-term needs
assessment which establishes indudtry priorities
in the North Central Region (NCR). One of
the major steps for obtaining that objectiveis
the development of white papers on alimited
number of species and systems. These white
papers will synthesze the literature for the
purposes of identifying the most critica gaps of
knowledge required for the economica and

NCRAC has funded the development of nine white papers.

sustainable production in the NCR. NCRAC's
Board decided that white papers on baitfish,
effluents, hybrid striped bass, largemouth bass,
sdmonids, sunfish, tilapia, waleye, and ydlow
perch should be developed which, in turn, will
be used by each state in the NCR to develop
their indugtry priorities. The white papers are
not to be an exhaudtive literature review, but
rather working documents thet clearly define
the current state of technology for the
respective species and/or systems, the critical
factors limiting economica and sustainable
commercia production, and recommendations
as to the research/extension agenda that should
be consdered. Industry participation and peer
review are critical components of the white
paper process.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

Kohler and Mdison have completed white
papers on tilgpia and yellow perch,
respectively, which were posted on NCRAC's
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Web site
(http://ag.ansc.purdue.edu/aquanic/ncrac/
wpapers/wpapers.ntm) in February 1999.
They have served as models for the seven new
white papers that the Board requested in June
1999.

WORK PLANNED

White papers on baitfish (Gunderson), effluents
(Westers), hybrid striped bass (Kohler),
largemouth bass (Heidinger), sdmonids
(Kinnunen), sunfish (Morris), and wdleye
(Summerfelt) will be completed by early 2000.

IMPACTS

The nine white papers will be used by each
gate in the NCR to develop their aquaculture
indugry priories. These will be insrumentd in
guiding NCRAC resource dlocaions in the
next three to five years so that the limited
resources have the greatest impact on the
indugtry in the NCR.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

See Appendix A for acumulative output for al
NCRAC-funded White Paper activities.

SUPPORT
NCRAC. OTHER SUPPORT
VEARS (I _USDA T yNiver- OTHER SUPPORT
FunDING | USYEE | inoustry | 2THER | oTHER | TOTAL
199899 |  $225500 $22,500
TOTAL |  $22500 $22,500
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EXTENSION

NCRAC Extension Fact Sheet Series

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

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

Kohler, ST., and D.A. Selock. 1992.
Choosing an organizationd structure for
your aquaculture business. NCRAC Fact
Sheet Series#103, NCRAC Publications
Office, lowa State Universty, Ames.

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

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

Morris, J.E. 1993. Pond culture of channd
cetfish in the North Centra Region.
NCRAC Fact Sheet Series #106,
NCRAC Publications Office, lowa State
Univerdty, Ames.

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

Cain, K., and D.Garling. 1993. Trout culturein
the North Centra Region. NCRAC Fact

Sheet Series #108, NCRAC Publications
Office, lowa State Univerdty, Ames.

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

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

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

Morris, JE. In review. Plankton management
for fish culture ponds. NCRAC Fact Sheet
Series #114, NCRAC Publications Office,
lowa State University, Ames.

NCRAC Technical Bulletin Series

Thomas, SK., RM. Sullivan, R.L Vertrees,
and D.W. Hoyd. 1992. Aquaculture law in
the north centra dates: adigest of date
datutes pertaining to the production and
marketing of aguacultura products.
NCRAC Technical Bulletin Series #101,
NCRAC Publications Office, lowa State
Univerdty, Ames.

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

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

Hushak, L.J., C.F. Cole, and D.P. Gleckler.
1993. Survey of wholesdle and retall
buyersin the Sx southern states of the
North Central Region. NCRAC Technica
Bulletin Series#104, NCRAC Publications
Office, lowa State Univerdity, Ames.

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

Lichtkoppler, F.P. 1993. Factorsto consider in
edtablishing a successful aguaculture
business in the North Centrd Region.
NCRAC Technical Bulletin Series #106,
NCRAC Publications Office, lowa State
Univerdty, Ames.

Swann, L., and J. R. Riepe. 1994. Niche
marketing your aguaculture products.
NCRAC Technicd Bulletin Series #107,
NCRAC Publications Office, lowa State
Univerdty, Ames.

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

Riepe, JR. 1997. Enterprise budgets for yellow
perch production in cages and pondsin the
North Central Region, 1994/95. NCRAC
Technica Bulletin Series#111, NCRAC
Publications Office, lowa State Universty,
Ames.

Brown, P., and J. Gunderson, editors. 1997.
Culture potentia of selected crayfishesin
the North Central Region. NCRAC
Technica Bulletin Series#112, NCRAC
Publications Office, lowa State Universty,
Ames.

Riepe, JR. 1998. Walleye marketsin the
North Central Region: results of a1996/97
survey. NCRAC Technicad Bulletin Series
#113, NCRAC Publications Office, lowa
State University, Ames.

Morris, J.E., and C.C. Mischke. In press.
Pankton management for fish culture
ponds. NCRAC Technicd Bulletin Series
#114 NCRAC Publications Office, lowa
State University, Ames.

NCRAC Video Series

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

Pierce, R., R. Henderson, and K. Nells.
Aquaculturd marketing: a practica guide
for fish producers. 1995. VHS format, 19
min. NCRAC Video Series#102,
NCRAC Publications Office, lowa State
Univerdty, Ames.

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

Morris, J.E., and C.C. Mischke. 1998. Sunfish
culture. NCRAC Video Series #104,
NCRAC Publications Office, lowa State
Univerdty, Ames.
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Kayes, T.B. In production. Spawning and
propagating yelow perch. VHS format, 45
min. NCRAC Video Series, NCRAC
Publications Office, lowa State Universty,
Ames.

NCRAC Culture Series

Summerfdt, R., editor. 1996. Walleye culture
manua. NCRAC Culture Series #101,
NCRAC Publications Office, lowa State
Univerdty, Ames.

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

Other Videos

Kayes, T.B., and K. Mathiesen, editors. 1994.
Investing in freshwater aquaculture: a
reprise (part 1). VHS format, 38 min.
Cooperative Extension, Ingtitute of
Agriculture and Natural Resources,
University of Nebraska:-Lincoln.

Kayes, T.B., and K. Mathiesen, editors. 1994.
Investing in freshwater aquaculture: a
reprise (part 11). VHS format, 41 min.
Cooperative Extension, Ingtitute of
Agriculture and Natura 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 Univergty, Ames.

Situation and Outlook Report

Hushak, L.J. 1993. North Centra Regiona
aquaculture industry Situation and outlook
report, volume 1 (revised October 1993).
NCRAC Publications Office, lowa State
Univerdty, Ames.

Workshops and Conferences
Sdmonid Culture, East Lansing, Michigan,
March 23-24, 1990. (Dondld L. Garling)

Midwest Regiona 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)

Regiona Workshop of Commercid Fish
Culture Usng Water Reuse Systems,
Normd, Illinois, November 2-3, 1990.
(LaDon Swann)

First North Centrd Regiond Aquaculture
Conference, Kalamazoo, Michigan, March
18-21, 1991. (Dondd L. Garling, Lead;
David J. Landkamer, Joseph E. Morrisand
Rondd Kinnunen, Steering Committee)

Crayfish Symposium, Carbondde, 1llinais,
March 23-24, 1991. (Daniel A. Selock
and Christopher C. Kohler)

Fish Transportation Workshops, Marion,
lllinois, April 6, 1991 and West L afayette,
Indiana, April 20, 1991. (LaDon Swann
and Danid A. Sdock)

Regiona Workshop on Commercia Fish
Culture Using Water Recirculating
Systems, Normdl, Illinois, November 15-
16, 1991. (LaDon Swann)

Nationa Aquaculture Extension Workshop,
Ferndae, Arkansas, March 3-7, 1992.
(Joseph E. Morris, Steering Committee)
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Regiond Workshop on Commercia Fish
Culture Usng Water Recirculating
Systems, Normd, 1llinois, November 19-
20, 1992. (Labon 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)

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

Commercid Aquaculture Recirculation
Systems, Piketon, Ohio, July 10, 1993.
(James E. Ebding)

Y ellow Perch and Hybrid Striped Bass
Aquaculture Workshop, Piketon, Ohio,
Jduly 9, 1994. (James E. Ebding and
Christopher C. Kohler)

Workshop on Getting Started in Commercia
Aquaculture Raisng Crayfish and Ydlow
Perch, Jasper, Indiana, October 14-15,
1994. (LaDon Swann)

Aquaculturein the Age of the Information
Highway. Specid sesson, World
Aquaculture Society, San Diego,
Cdifornia, February 7, 1995. (LaDon
Swann)

Second North Central Regiona Aquaculture
Conference, Minnegpolis, Minnesota,
February 17-18, 1995. (Jeffrey L.

Gunderson, Lead; Fred P. Binkowski,
Dondd L. Garling, Terrence B. Kayes,
Ronad E. Kinnunen, Joseph E. Morris, and
LaDon Swann, Steering Committee)

Waleye Culture Workshop, Minnegpolis,
Minnesota, February 17-18, 1995. (Jeffrey
L. Gunderson)

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

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

Y ellow Perch Aquaculture Workshop, Spring
Lake, Michigan, June 15-16, 1995.
(Dondd L. Garling)

Rainbow Trout Production: Indoors/Outdoors,
Piketon, Ohio, July 8, 1995. (JamesE.
Ebding)

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

Third North Central Regiona Aquaculture
Conference, Indianagpolis, 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 |ssues Related to
Aquaculture, North Central Regiona
Aquaculture Conference, Columbia,
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Missouri, February 24-26, 1999. (Ronald
E. Kinnunen)

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

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

Potential of Recirculating Systemsin the North
Centrd Region, North Central Regiona
Aquaculture Conference, Columbia,
Missouri, February 24-26, 1999. (LaDon
Swann)

Overview of Freshwater Shrimp Culture, North
Centrd Regiona Aquaculture Conference,
Columbia, Missouri, February 24-26,

1999. (LauraTiu)

Fertilization Regimes for Fish Culture Ponds,
Wisconsin Aquaculture Conference, Green
Bay, Wisconsin, March 12-13, 1999.

(Joseph E. Morris)

Extenson Programming in the North Central
Region, SERA-IEG-9, Frankfort,
Kentucky, March 14-16, 1999. (Joseph E.
Morris)

Description of the aguaculture and bait fish
indudtries: threet evauation and
identification of critica control points,
Internationa Joint Commission Workshop
on Exatic Policy, Milwaukee, Wiscondn,
September 22-26, 1999. (Jeffrey L.
Gunderson)

Proceedings
Proceedings of the North Central Regiona
Aquaculture Conference. 1991. First North

Central Regiond Aquaculture Conference,
Kaamazoo, Michigan, March 18-21,
1991.

Gunderson, J., editor. 1995. Proceedings of the
Combined North Centra and Ninth Annua
Minnesota Aquaculture Conference and
Tradeshow. Second North Centra
Regiond Aquaculture Conference,
Minneapolis, Minnesota, February 17-18,
1995.

Swann, L., editor. 1997. Proceedings of the
1997 North Central Regiona Aquaculture
Conference. Third North Centra Regiona
Aquaculture Conference, Indianapalis,
Indiana, February 6-7, 1997. Illinois-
Indiana Sea Grant Program, Publication
CES-305. (Also available dectronicaly at:
http://ag.ansc.purdue.edw/aquanic/
publicat/statelil-in/ces-305.htm)

Morris, JE., editor. 1999. Aquaculture & the
crossroads. linking the past to the future.
Compilation of abstracts, papers, and
supporting articles for the Fourth North
Centrd Regiona Aquaculture Conference,
Columbia, Missouri, February 24-26,
1999.

ECONOMICSAND
MARKETING

Publicationsin Print

Aubineau, C.M. 1996. Characterization of the
supply of walleye fingerlings in the north
central region of the U.S. Magter's thesis.
[llinois State Univergty, Normd.

Brown, G.J. 1994. Cogt andysis of trout
production in the North Central States.
Magter' sthess. Ohio State University,
Columbus.
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Edon, A.M.T. 1994. Economic anadysis of an
intensve recirculating system for the
production of advanced walleye fingerlings
in the North Central Region. Magter’s
thesis. Illinois State University, Normal.

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

Floyd, D.W., RM. Sullivan, R.L. Vertrees,
and C.F. Cole. 1991. Natural resources
and aqueculture: emerging policy issuesin
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
segfood: a survey of wholesde and retall
buyersin six states of the North Centra
Region. Master’ sthesis. Ohio State
University, Columbus.

Hushak, L.J. 1993. North Centra Regiona
aguaculture industry Stuation and outlook
report, volume 1 (revised October 1993).
NCRAC Publications Office, lowa State
Univerdty, Ames.

Hushak, L., C. Cole, and D. Gleckler. 1993.
Survey of wholesdle and retall buyersin the
sx southern states of the North Centra
Region. NCRAC Technicd 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 Centrd states? Ohio's Challenge
5:3-5.

Makowiecki, E.M.M. 1995. Economic andys's
of an intengve recirculaing system for the
production of waleye from fingerling to
food sze. Magter'sthesis. Illinois State
University, Normal.

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

O'Rourke, P.D. 1996. The economics of
recirculating aguaculture systems. In
Proceedings of successes and faluresin
commercid recirculaing aguaculture,
Roanoke, Virginia, July 19-21, 1996.

Riepe, JR. 1997. Costs for pond production of
ydlow perchin the North Centrad Region,
1994-95. NCRAC Fact Sheet Series
#111, NCRAC Publications Office, lowa
State Univergity, Ames.

Riepe, JR. 1997. Enterprise budgets for yellow
perch production in cages and pondsin the
North Central Region, 1994/95. NCRAC
Technica Bulletin Series#111, NCRAC
Publications Office, lowa State Universty,
Ames.

Riepe, JR. 1997. Yédlow perch marketsin the
North Central Region: results of a 1996/97
survey. Office of Agriculturad Research
Programs, Department of Agricultura
Economics, Purdue University, West
Lafayette, Indiana

Riepe, JR. 1999. Marketing seafood to
restaurants in the North Centra Region.
NCRAC Fact Sheet Series#110,
NCRAC Publications Office, lowa State
Univerdty, Ames.
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Riepe, JR. 1999. Supermarkets and seafood in
the North Central Region. NCRAC Fact
Sheet Series#112, NCRAC Publications
Office, lowa State Universty, Ames.

Thomas, SK. 1991. Industry association
influence upon state aquaculture policy: a
comparaive andysisin the North Centrd
Region. Master’ sthesis. Ohio State
University, Columbus.

Thomas, SK., RM. Sullivan, R.L. Vertrees,
and D.W. FHoyd. 1992. Aquaculture law in
the North Central states. adigest of state
dtatutes pertaining to the production and
marketing of aguacultura products.
NCRAC Technicad Bulletin Series #101,
NCRAC Publications Office, lowa State
Univerdty, Ames.

Thomas, SK., R.L. Vertrees, and D.W. Foyd.
1991. Association influence upon state
aquaculture policy—a compardive anadyss
in the North Centrd Region. The Ohio
Journa of Science 91(2):54.

Tudor, K.W., R.R. Rosati, P.D. O'Rourke,
Y.V.Wu, D. Sessa, and P. Brown. 1996.
Technicd and economicd feashility of on-
farm fish feed production using fishmed
andogs. Journa of Aquacultura
Engineering 15(1):53-65.

Papers Presented

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

Foley, P., R. Rosati, P.D. O'Rourke, and K.
Tudor. 1994. Combining equipment
componentsinto an efficient, religble, and
economica commercid recirculaing

aguaculture system. 25" Annua Mesting of
the World Aquaculture Society, New
Orleans, Louisang, January 12-18, 1994.

Gleckler, D.P., L.J. Hushak, and M.E. Gerlow.
1991. Digribution channds for wild-caught
and farm-raised fish and sesfood. First
North Centrd Regiond Aquaculture
Conference, Kalamazoo, Michigan, March
18-21, 1991.

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

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

O'Rourke, P.D. 1996. The economics of
recirculaing aguaculture systems.
Conference on Successes and Failuresin
Commercid Recirculating Aquaculture,
Roanoke, Virginia, July 19-21, 1996.

O'Rourke, P.D., and A.M.T. Edon. 1995.
Economic andysis of advanced walleye
fingerling production in an intengve
recirculating system. Combined North
Centrd and Ninth Annua Minnesota
Aquaculture Conference and Tradeshow
(Second North Centrd Regiona
Aquaculture Conference), Minneapalis,
Minnesota, February 17-18, 1995.

O'Rourke, P.D., K. Tudor, and R. Rosati.
1994. The sdlection and use of economic
tools in the aquaculturd engineering
decision making process to determine the
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comparative costs of aternate technical
solutions. 25" Annua Medting 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 tilgpia (Oreochromis niloticus) ina
modified Red Ewald-style recirculating
system operated under commercia
conditions. 25™ Annua Mesting of the
World Aquaculture Society Silver
Anniversary Meeting, New Orleans,
Louisiana, January 12-18, 1994.

Riepe, JR. 1994. Production economics of
gpecies 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, JR. 1994. Getting started in commercid
aquaculture: economics. Workshop on
Getting Started in Commercid Aquaculture
Raising Crayfish and Y dlow Perch, Jasper,
Indiana, October 14-15, 1994.

Riepe, JR. 1997. Revisting retail and
wholesale markets (walleye and yellow
perch). Third North Centrad Regiond
Aquaculture Conference, Indianapalis,
Indiana, February 6-7, 1997.

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

Robinson, M., D. Zepponi, and B.J. Sherrick.
1991. Assessing market potentia for new
and exigting speciesin the North Centra
Region. First North Centrd Regiona
Aquaculture Conference, Kalamazoo,

Michigan, March 18-21, 1991.

Rosdti, R., P.D. O'Rourke, K. Tudor, and P.
Foley. 1994. Production of tilapia
(Oreochromis niloticus) in amodified Red
Ewdd-style recirculaing system when
operated under commercial conditions. 25"
Annud Mesting of the World Aquaculture
Society, New Orleans, Louisana, January
12-18, 1994.

Rosati, R., P.D. O'Rourke, K. Tudor, and P.
Foley. 1994. Technica and economica
consderations for the selection of oxygen
incorporation devices in arecirculating
aguaculture system. 25" Annual Mesting of
the World Aquaculture Society, New
Orleans, Louisiana, January 12-18, 1994.

Tudor, K., R. Rosati, P.D. ORourke, Y.V.
Wu, D. Sessa, and P. Brown. 1994.
Technica and economicd feashility of on-
farm fish feed production using fishmed
andogs. 25" Annua Mesting of the World
Aquaculture Society, New Orleans,
Louisana, January 12-18, 1994.

YELLOW PERCH

Publicationsin Print

Brown, P.B., and K. Dabrowski. 1995.
Zootechnica parameters, growth and
cannibaism in mass propagation of ydlow
perch. In Kestemont, P., and K.
Dabrowski, editors. Workshop on
aquaculture of percids. Presses
Univergtares de Namur, Namur, Belgium.

Brown, P.B., K. Dabrowski, and D.L. Garling.
1995. Nutritiond requirements and
commercid dietsfor yelow perch. In
Kestemont, P., and K. Dabrowski, editors.
Workshop on aguaculture of percids.
Presses Universitaires de Namur, Namur,
Bdgium.
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Brown, P.B., K. Dabrowski, and D.L. Garling.
1996. Nutrition and feeding of yelow perch
(Perca flavescens). Journd of Applied
Ichthyology 12:171-174.

Dabrowski, K., and D.A. Culver. 1991. The
physology of larva fish: digestive tract and
formulation of Sarter diets. Aquaculture
Magazine 17:49-61.

Dabrowski, K., D.A. Culver, C.L. Brooks,
A.C. Voss, H. Sprecher F.P. Binkowski,
SE. Yeo, and A.M. Baogun. 1993.
Biochemica 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.

Garling, D.L. 1991. NCRAC research
programs to enhance the potentia of yelow
perch culture in the North Central Region.
Pages 253-255 in Proceedings of the
North Centrd Regiona Aquaculture
Conference, Kalamazoo, Michigan, March
18-21, 1991.

Glass, R.J. 1991. The optimum loading and
dengty for yellow perch (Perca
flavescens) raised in asingle pass, flow-
through system. Magter’ sthesis. Michigan
State Universty, East Lanang.

Ko, K. 1996. Effect of isoflavones and
estradiol-17[3 on growth and reproductive
function in ydlow perch (Perca
flavescens). Master’ s thesis. University of
Wisconsin-Madison, Madison.

Ko, K, JA. Mdison, and J.D. Reed. 1999.
Effect of genisein on the growth and
reproductive function of male and femde
ydlow perch (Perca flavescens). Journd
of the World Aquaculture Society 30:73-
79.

Kolkovski, S., and K. Dabrowski. 1998. Off-
Season spawning of yellow perch.
Progressive Fish-Culturist 60:133-136.

Malison, JA. 1999. Current status of yellow
perch: markets and culture. Aquaculture
Magazine 25:28-41.

Malison, JA., and M.A.R. Garcia-Abiado.
1996. Sex control and ploidy manipulations
in yelow perch (Perca flavescens) and
wadlleye (Stizostedion vitreum). Journa of
Applied Ichthyology 12:189-194.

Malison, JA., and JA. Held. 1992. Effects of
fish 9ze a harved, initid 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 ceartain fish. Feedstuffs
67(2):10.

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

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

Oetker, M.A. 1998. Effects of parenta size
and age on larva growth and devel opment:
implications for improved intengve larvd
yelow perch (Perca flavescens) culture
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techniques. Master’ sthesis. Michigan State
University, East Langng.

Twibdl, R.G., and P.B. Brown. 1997. Dietary
arginine requirement of juvenile yellow

perch. Journal of Nutrition 127:1838-1841.

Williams, F., and C. Starr. 1991. The path to
ydlow perch profit through planned
development. Pages 49-50 in Proceedings
of the North Centrd Regiond Aquaculture
Conference, Kalamazoo, Michigan, March
18-21, 1991.

Manuscripts

Kolkovski, S, C. Yackey, S. Czesny, and K.
Dabrowski. In press. The effect of
microdiet supplementation of dietary
digedtive enzymes and a hormone on
growth and enzyme activity in yellow perch
juveniles. North American Journd of
Aquaculture.

Kolkovski, S, S. Czesny, and K. Dabrowski.
In press. Use of krill hydrolysate as afeed
attractant for fish larvae and juveniles.
Journd of the World Aquaculture Society.

Twibdl, R.G., and P.B. Brown. In press.
Dietary choline requirement of juvenile
ydlow perch. Journa of Nutrition.

Twibdl, R.G., K.A. Wilson, and P.B. Brown.
In press. Thetotd dietary sulfur amino acid
requirement for juvenile yelow perch.
Journd of Nutrition.

Yackey, C. In preparation. Improving
acceptance, efficiency, and quality of
formulated feeds for juvenile yelow perch
Perca flavescens. Ohio State University.

Papers Presented
Batterson, T., R. Craig, and R. Baldwin. 1995.
Advancing commercia aguaculture

development in the North Centra Region.
Y dlow Perch Aquaculture Workshop,
Spring Lake, Michigan, June 15-16, 1995.

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

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

Brown, P.B. 1997. Recent developmentsin
perch nutrition. Martinique '97, Idand and
Tropicd Aquaculture, Les Trois llets,
Martinique, French West Indies, May 4-9,
1997.

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

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

Brown, P.B., and R.G. Twibdll. 1997. Dietary
arginine requirement of juvenile yellow
perch. 28" Annua Mesting of the World
Aquaculture Society, Sesttle, Washington,
February 19-23, 1997.

Brown, P.B., K. Wilson, J. Wetzd, J. Mays, F.
Binkowski, and S. Y eo. 1994. Culture
characteristics of juvenile yelow perch
(Perca flavescens) from different
geographical locales grown at three
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temperatures. 25" Annua Mesting of the
World Aquaculture Society, New Orleans,
Louisiana, January 12-18, 1994.

Brown, P.B., K. Wilson, J. Wetzd, J. Mays, F.
Binkowski, and S. Yeo. 1994. Strain
evauations with yelow perch. Indiana
Aquaculture Association Annua Meting,
Indianapolis, Indiana, February 26, 1994.

Crang, P., G. Miller, J. Seeb, and R. Sheehan.
1991. Growth performance of diploid and
triploid yellow perch at the onsat of sexud
maturation. 53¢ Midwest Fish and Wildlife
Conference, Des Moines, lowa, November
30- December 4, 1991.

Culver, D.A., and K. Dabrowski. 1998.
Fertilization and stocking procedures for
pond culture of percids. 29" Annua
Mesting of the World Aquaculture Society,
Las Vegas, Nevada, February 15-19,
1998.

Dabrowski, K., and S. Kolkovski. 1997.
Larvd fish rearing—diets, enzymes,
endocrine systems and what else. 14"
Annua Meeting of the Canadian
Aquaculture Association, Quebec City,
Quebec, Canada, June 10-13, 1997.

Garling, D.L. 1991. NCRAC research
programs to enhance the potentia of yelow
perch culture in the North Centrd Region.
First North Centrd Regiond Aquaculture
Conference, Kalamazoo, Michigan, March
18-21, 1991.

Held, JA. 1996. Ydlow perch fingerling
production—Gone is the black magic.
Aqua'96, the Tenth Anniversary Minnesota
Aquaculture Conference and Trade Show,
Alexandria, Minnesota, March 8-9, 1996.

Held, JA. 1997. Ydlow perch production.
Minnesota Aquaculture Association and
North American Fish Farmers Cooperdtive
Aquaculture Conference and Tradeshow,
Brainerd, Minnesota, March 7-8, 1997.

Held, JA. 1997. Advancesin ydlow perch
production. North Central Regiona
Aquaculture Center Symposium on Ydlow
Perch Production, Piketon, Ohio, June 21,
1997.

Held, JA., and JA. Mdison. 1997. Yellow
perch aquaculture. Annua Conference of
the Wisconan Agriculturd Teachers
Association, Madison, Wisconsin, July 9
10, 1997.

Held, JA., JA. Mdison, and T.E. Kuczynski.
1998. Techniques for the commercid
production of feed-trained yellow perch
Perca flavescens fingerlings. 29" Annua
Mesting of the World Aquaculture Society,
Las Vegas, Nevada, February 15-19,
1998.

Kayes, T. 1994. Y ellow perch aguaculture.
Workshop on Getting Started in
Commercid Aquaculture Raisng Crayfish
and Ydlow Perch, Jasper, Indiana,
October 14-15, 1994.

Kayes, T. 1994. Investing in freshwater
aquaculture: areprise. Nebraska
Aquaculture Update & Autumn Mesting,
North Platte, Nebraska, November 19,
1994.

Kayes, T. 1995. Y ellow perch aguaculture.
Combined North Centra and Ninth Annua
Minnesota Aquaculture Conference and
Tradeshow (Second North Central
Regiona Aquaculture Conference),
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Minnespolis, Minnesota, February 17-18,
1995.

Kayes, T. 1995. Ydlow perch culture studies
at Plessant Vdley Fish Farm. Nebraska
Aquaculture Update & Spring Meeting,
North Platte, Nebraska, March 25, 1995.

Kayes, T. 1995. Harvesting perch and walleye
fingerlings from ponds. Nebraska
Aquaculture Update & Spring Mesting,
North Platte, Nebraska, March 25, 1995.

Kayes, T. 1995. Spawning and incubation of
ydlow perch. Ydlow Perch Aquaculture
Workshop, Spring Lake, Michigan, June
15-16, 1995.

Kayes, T. 1995. Fingerling yellow perch
production in ponds. Y elow Perch
Aquaculture Workshop, Spring Lake,
Michigan, June 15-16, 1995.

Kayes, T. 1995. Yéelow perch food fish
production in ponds and cages. Ydlow
Perch Aquaculture Workshop, Spring
Lake, Michigan, June 15-16, 1995.

Kolkovski, S., K. Dabrowski, and C. Y ackey.
1997. Larvd rearing of ydlow perch Perca
flavescens spawning out of the season. 2™
International Workshop on Aquaculture of
Percid Fish, Idand and Tropica
Aquaculture, Les Trois llets, Martinique,
French West Indies, May 3-7, 1997.

Kolkovski, S., K. Dabrowski, and C. Y ackey.
1997. Weaning diets for yellow perch
Perca flavescens—suitability of
commercid, semi-commercia, and
experimentd dry formulations. Fish Feed
and Nutrition Workshop, Frankfort,
Kentucky, September 12-13, 1997.

Kolkovski, S., S. Dzesny, C. Yackey, and K.
Dabrowski. 1998. The use of krill
hydrolysate as feed attractant for fish
juveniles. Fish Feed and Nutrition
Workshop, Pine Bluff, Arkansss,
September 13-15, 1998.

Malison, JA. 1994. Pond production of yellow
perch fingerlings. Wisconsin Aquaculture
‘94, Stevens Point, Wisconsin, February
18-19, 1994.

Malison, JA. 1995. Production methods for
ydlow perch. Wisconsn Aquaculture '95,
Stevens Point, Wisconsin, March 17-19,
1995.

Malison, JA. 1997. Reproduction and sex
reversa in yelow perch and walleye. Third
North Centrd Regiona Aquaculture
Conference, Indianagpolis, Indiana,
February 6-7, 1997.

Malison, JA. 1997. Factors promoting and
condraining the commercid culture of
yellow perch, Perca flavescens. 28"
Annua Mesting of the World Aquaculture
Society, Sesttle, Washington, February 19-
23, 1997.

Malison, JA. 1998. Raising food-size yelow
perch in ponds. Wisconsin Aquaculture
‘98, Eau Claire, Wisconsin, March 13-14,
1998.

Malison, JA. 1999. Current status of yellow
perch (Perca flavescens) markets and
culture. Aquaculture America ‘99, Tampa,
Florida, January 27-30, 1999.

Malison, JA. 1999. Sex control and ploidy
manipulations in ydlow perch (Perca
flavescens) and walleye (Stizostedion
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vitreum). Aquaculture America ‘99,
Tampa, Florida, January 27-30, 1999.

Malison, JA., and JA. Held. 1995. Sex

control and ploidy manipulationsin yelow

perch (Perca flavescens) and waleye
(Stizostedion vitreum). Percid 11, the
Second International Percid Fish
Symposium and the Workshop on
Aquaculture of Percids, Vaasa, Finland,
August 21-25, 1995.

Malison, JA., and JA. Held. 1996. Pond
design, congtruction and management.
Wisconsin Aquaculture Conference 96,
Wausau, Wisconsin, February 16-17,
1996.

Mdison, JA., and JA. Held. 1997. Pond
design and congtruction for aguaculture.

Wisconsin Aquaculture ‘97, Stevens Point,

Wisconsin, March 14-15, 1997.

Malison, JA., JA. Held, and C.H. Amundson.

1991. Factors affecting the habituation of
pond-reared yellow perch (Perca
flavescens), walleye (Stizostedion
vitreum), and walleye-sauger hybrids (S.
vitreum femde x S, canadense mae) to
intensive culture conditions. 22" Annual

Mesting of the World Aquaculture Society,
San Juan, Puerto Rico, June 16-20, 1991.

Malison, JA., D.L. Northey, JA. Held, and
T.E. Kuczynski. 1994. Habituation of

ydlow perch (Perca flavescens) fingelings
to formulated feed in ponds usng lights and

vibrating feeders. 25" Annua Mesting of
the World Aquaculture Society, New

Orleans, Louisiana, January 12-18, 1994.

Madlison, JA., JA. Hed, M.A.R. Garcia-
Abiado, and L.S. Procarione. 1996. The

influence of triploidy and heet and
hydrostatic pressure shocks on the growth
and reproductive development of perch
(Perca flavescens) reared to adult size
under selected environmenta conditions.
International Congress on the Biology of
Fishes, San Francisco, Cdifornia, July 14-
18, 1996 and Midwest Endocrinology
Conference, Madison, Wisconsin, June 22-
23, 1996.

Malison, JA., JA. Hdd, L.S. Procarione, T.B.

Kayes, and C.H. Amundson. 1991. The
influence on juvenile growth of heat and
hydrogtatic pressure shocks used to induce
triploidy in yellow perch. 121% Annud
Mesting of the American Fisheries Society,
San Antonio, Texas, September 8-12,
1991.

Madison, JA., J Mdlenthin, L.S. Procarione,

T.P. Barry, and JA. Held. 1997. The
effects of handling on the physiologica
stress responses of yellow perch (Perca
flavescens) and walleye (Stizostedion
vitreum) at different temperatures. 2
Internationa Workshop on Aquaculture of
Percid Fish, Idand and Tropica
Aquaculture, Les Trois llets, Martinique,
French West Indies, May 4-9, 1997.

Malison, JA., J Mdlenthin, A.B. Head, L.S.

Procarione, T.P. Barry, and JA. Held.
1998. Cortisol stress responses and growth
of ydlow perch Perca flavescens reared
under selected intensive culture conditions.
29" Annua Mesting of the World
Aquaculture Society, Las Vegas, Nevada,
February 15-19, 1998.

Oetker, M., and D.L. Garling. 1997. The

effects of maternd sze on growth and
survivorship of lava yellow perch. 127
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Annua Medting of the American Fisheries
Society, Monterey, Cdifornia, August 24-
18, 1997.

Riepe, JR., J. Ferris, and D. Garling. 1995.
Economic considerations in yellow perch
agquaculture. Y dlow Perch Aquaculture
Workshop, Spring Lake, Michigan, June
15-16, 1995.

Selock, D. 1995. Floating raceways for yellow
perch culture. Y dlow Perch Aquaculture
Workshop, Spring Lake, Michigan, June
15-16, 1995.

Starr, C. 1995. Yéelow perch food fish
production in flowing water systems.
Y dlow Perch Aquaculture Workshop,
Spring Lake, Michigan, June 15-16, 1995.

Twibdl, R.G., and P.B. Brown. 1999. Dietary
choline requirement of juvenile yelow
perch. Aquaculture America’99, Tampa,
Florida, January 27-30, 1999.

Williams, F. 1995. Federa grant opportunities?
Y ellow Perch Aquaculture Workshop,
Spring Lake, Michigan, June 15-16, 1995.

Williams, F., and C. Starr. 1991. The path to
ydlow perch profit through planned
development. First North Centrd Regiond
Aquaculture Conference, Kalamazoo,
Michigan, March 18-21, 1991.

Yackey, C., S. Kalkovski, and K. Dabrowski.
1997. Weaning diets for yellow perch
(Perca flavescens)—auitability of
commercid, semi-commercia, and
experimentd dry formulations. Fish Feed
and Nutrition Workshop, Frankfort,
Kentucky, September 21, 1997.

Yackey, C., S. Czesny, S. Kolkovski, and K.
Dabrowski. 1998. Effect of digestive
enzyme and hormone on growth and
digedtive tract enzyme activity of ydlow
perch Perca flavescens. Internationa
Congress on the Biology of Fish, Bdtimore,
Maryland.

HYBRID STRIPED BASS

Publicationsin Print

Anonymous. 1995. Proceedings of the
NCRAC Hybrid Striped Bass Workshop.
NCRAC Publications Office, lowa State
Univerdty, Ames.

Brown, P.B., R. Twibdl, Y. Jonker, and K.A.
Wilson. 1997. Evauation of three soybean
productsin diets fed to juvenile hybrid
striped bass Morone saxatilis x M.
chrysops. Journd of the World
Aquaculture Society 28:215-223.

Kdly, A.M., and C.C. Kohler. 1996. Sunshine
bass performance in ponds, cages, and
indoor tanks. Progressive Fish-Culturist
58:55-58.

Kdly, A.M., and C.C. Kohler. 1999. Cold
tolerance and fatty acid composition in
striped bass, white bass and their hybrids.
North American Journd of Aquaculture
61:278-285.

Kohler, C.C. 1997. White bass production and
broodstock devel opment. Pages 169-185
in RM. Harrell, editor. Striped bass and
other Morone culture. Elsevier Press,
Amgerdam.

Kohler, C.C., R.J. Sheehan, C. Habicht, JA.
Malison, and T.B. Kayes. 1994.
Habituation to captivity and controlled
gpawning of white bass. Transactions of the
American Fisheries Society 123:964-974.
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Morris, JE., C.C. Kohler, and C.C. Mischke.
1999. Pond culture of hybrid striped bass
in the North Centra Region. NCRAC Fact
Sheet Series#107, NCRAC Publications
Office, lowa State Univerdty, Ames.

Myers, J.J. 1999. Acute responses to sdinity
for sunshine bass and palmetto bass.
Madgter’ sthess. Southern Illinois
University-Carbondale.

Settor, K. 1998. Evaluation of different
dengties for hybrid striped bass (Morone
saxatilis x M. chrysops) in cages and
amall-scae recirculation system. Master’s
thesis. Purdue University, West Lafayette,
Indiana.

Woods, L.C., C.C. Kohler, R.J. Sheehan, and
C.V. Sullivan. 1995. Vdlitiona tank
gpawning of femae griped bass with mde
white bass produces hybrid offspring.
Transactions of the American Fisheries
Society 124:628-632.

Manuscripts

Brown, G.G., R.J. Sheehan, C.C. Kohler, C.
Habicht, L. Koutnik, L. Ellis, and L.D.
Brown. In preparation. Short-term and
long-term storage of striped bass Morone
saxatilis semen. Journd of the World
Aqguaculture Society.

Kohler, C.C. In press. Striped bass and hybrid
gtriped bass aquaculture. In R.R. Stickney,
editor. Encyclopedia of aquaculture, Wiley
Science, New York.

Suresh, A.V., JB. Rudacille, M.L. Allyn, V.
Sheehan, R.J. Sheehan, and C.C. Kohler.
In review. Induction of ovulation in white
bass (Morone chrysops) usng hCG and
LHRHa Aquaculture.

Papers Presented
Brown, P.B., R. Twibell, Y. Hodgin, and K.

Wilson. 1995. Soybeansin dietsfed to
hybrid striped bass. 24™ Annual Fish Feed
and Nutrition Workshop, Columbus, Ohio,
October 19-21, 1995.

Brown, P.B., Y. Hodgin, R. Twibdl, and K.A.

Wilson. 1996. Use of three soybean
products in diets fed to hybrid striped bass.
27" Annua Mesting of the World
Aquaculture Society, Bangkok, Thailand,
January 29-February 2, 1996.

Brown, G.G., L.D. Brown, K. Dunbar, C.

Habicht, R.J. Sheehan, C.C. Kohler, and
L. Koutnik. 1991. Evauation of white bass
semen with 31P-NMR for the improvement
of transportation, storage, and fertility
methods. 53 Midwest Fish and Wildlife
Conference, Des Moines, lowa, November
30-December 4, 1991.

Brown, G.G., R.J. Shechan, C.C. Kohler, C.

Habicht, L. Koutnik, L. Ellis, and L.D.
Brown. 1995. Use of cryopreservatives.
North Centra Regiona Aquaculture Center
Hybrid Striped Bass Workshop,
Champaign, Illinois, November 2-4, 1995,

Brown, G.G., R.J. Shechan, C.C. Kohler, C.

Habicht, L. Koutnik, L. Ellis, and L.D.
Brown. 1998. Short-term storage of
striped bass Morone saxatilis semen. 29"
Annua Mesting of the World Aquaculture
Society, Las Vegas, Nevada, February 15-
19, 1998.

Habicht, C., R.J. Sheehan, C.C. Kohler, G.G.

Brown, and L. Koutnik. 1991. Routine
collection, storage, and shipping of white
bass sperm. 29" Annual Mesting lllinois
Chapter of the American Fisheries Society,
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Champaign, lllinois, March 5-7, 1991.

Kohler, C.C. 1993. The farm fish of the future:
hybrid stripers. Aqua '93: 7" Annual
Minnesota Aquaculture Conference,
Alexandria, Minnesota, March 5-6, 1993.

(Invited paper)

Kohler, C.C. 1994. Hybrid striped bass
aguaculture. Yelow Perch and Hybrid
Striped Bass Production: From Fry to
Frying Pan, Piketon, Ohio, July 3, 1994.
(Invited spesker)

Kohler, C.C. 1995. Broodstock management
of white bass. North Centra Regiona
Aquaculture Center Hybrid Striped Bass
Workshop, Champaign, Illinois,
November 2-4, 1995.

Kohler, C.C. 1996. Induced out-of-season
spawning of fishes. Missouri Aquaculture
Industry Association Annua Mesting,
Jefferson City, Missouri, February 3-4,
1996 .

Kohler, C.C. 1996. Advancing hybrid striped
bass culture in the North Centrd Region
and dsawhere. U.S. Chapter of the World
Aquaculture Society, Arlington, Texas,
February 14-17, 1996.

Kohler, C.C. 1997. Induced spawning of
fishes. Third North Centrd Regiond
Aquaculture Conference, Indianapolis,
Indiana, February 6-7, 1997.

Kohler, C.C. 1998. Hybrid striped bass culture
in the Midwest. Joint Missouri-Kansas
Aquaculture Conference, Springfield,
Missouri, March 4-6, 1998.

Kohler, C.C., and R.J. Sheehan. 1991. Hybrid
sriped bass culture in the North Central
Region. First North Centra Regiond

Aquaculture Conference, Kalamazoo,
Michigan, March 18-21, 1991.

Kohler, C.C., R.J. Sheehan, M.L. Allyn, JB.
Rudecille, and A. Suresh. 1996. Controlled
gpawning of white bass. U.S. Chapter of
the World Aquaculture Society, Arlington,
Texas, February 14-17, 1996.

Kohler, C.C., R.J. Sheehan, C. Habicht, JA.
Malison, and T.B. Kayes. 1992.
Acclimization to captivity and out-of-
season spawning of white bass. 23nd
Annua Mesting of the World Aquaculture
Society, Orlando, Florida, May 21-25,
1992.

Kohler, C.C., R.J. Sheehan, J.J. Myers, JB.
Rudecille, M.L. Allyn, and A.V. Suresh.
1998. Performance comparison of
geographicdly diginct drains of white bass
to produce sunshine bass. Striper 2000,
College Park, Maryland, June 6-7, 1998.

Kohler, C.C., R.J. Shechan, C. Habicht, V.
Sanchez, J. Finck, JA. Mdison, and T.B.
Kayes. 1991. Domestication and out-of-
season spawning of white bass, 53¢
Midwest Fish and Wildlife Conference,
Des Moines, lowa, November 30-
December 4, 1991.

Kohler, C.C., R.J. Sheehan, C. Habicht, V.
Sanchez, JA. Mdison, and T.B. Kayes.
1992. Collection, acclimation to captivity,
and out-of-season spawning of white bass.
122" Annua Meseting of the American
Fisheries Society, Rapid City, South
Dakota, September 14-17, 1992.

Kohler. C.C., R.J. Sheehan, C. Habicht, V.
Sanchez, JA. Malison, and T.B. Kayes.
1993. Development of white bass brood
stock and spawning protocol. U.S. Chapter
of the World Aquaculture Society, Hilton
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Head I1dand, South Carolina, January 27-
30, 1993. (Invited paper)

Kohler, C.C., R.J. Sheehan, and T.B. Kayes.
1989. Advancing hybrid striped bass
culture in the Midwestern United States.
51% Midwest Fish and Wildlife Conference,
Springfield, Illinois, December 5-6, 1989.

Kohler, C.C., R.J. Sheehan, V. Sanchez, and
A. Suresh. 1994. Evauation of various
dosages of hCG to induce fina oocyte
maturation and ovulation in white bass. 25"
Annua Mesting of the World Aquaculture
Society, New Orleans, Louisiana, January
12-18, 1994.

Kohler, C.C., R.J. Sheehan, A. Suresh, L.
Allyn, and J. Rudacliffe. 1996. Effect of
hCG dosage on hatching success in white
bass. Internationa Congress on the Biology
of Fishes, San Francisco, Cdifornia, July
15-18, 1996.

Kohler, C.C., R.J. Sheehan, JJ. Myers, J.B.
Rudecille, M.L. Allyn, and A.V. Suresh.
1999. Performance comparison of
geographicdly distinct srains of white bass
to produce sunshine bass. Aquaculture
America'99, Tampa, Florida, January 27-
30, 1999.

Kohler, S.T. 1995. Cost of production. North
Centra Regiond Aquaculture Center
Hybrid Striped Bass Workshop,
Champaign, Illinois, November 2-4, 1995,

Koutnik, L.A., R.J. Sheehan, C.C. Kohler, C.
Habicht, and G.G. Brown. 1992. Matility
and fertility of extended and cryopreserved
Morone sperm: when is cryopreservetion
the best option? Annual Mesting,
Illinois’Wisconsin Chapters of the
American Fisheries Society, Waukegan,
lllinois, February 10-13, 1992. (Awarded

Best Student Paper)

Myers, J.J., C.C. Kohler, R.J. Sheehan, M.L.
Allyn, JB. Rudecille, and A.V. Suresh.
1998. Geographic strain comparison of
hybrid striped bass (Morone chrysops x
M. saxatilis) to amarket Szein earthen
ponds. Illinois Renewable Natural
Resources Conference, Springfield, Illinois,
March 4-6, 1998.

Morris, J. 1995. Pond preparation for larval
fish. North Central Regiona Aquaculture
Center Hybrid Striped Bass Workshop,
Champaign, Illinois, November 2-4, 1995,

Rudacille, JB., and C.C. Kohler. 1996.
Rdative performance of white bass,
sunshine bass, and palmetto bass fed a
commercia diet. U.S. Chapter of the
World Aquaculture Society, Arlington,
Texas, February 14-17, 1996. (Awarded
Best Student Presentation)

Rudacille, JB., and C.C. Kohler. 1997.
Performance of Phase l11 padmetto bass,
sunshine bass and white in arecirculating
water system. 28" Annua Mesting of the
World Aquaculture Society, Seettle,
Washington, February 19-23, 1997.

Rudacille, JB., and C.C. Kohler. 1997.
Retive performance of Phase 11l sunshine
bass, pametto bass, and white bassin an
indoor recirculating sysem. 35" Annud
Mesting of the Illinois Chepter of the
American Fisheries Society, Callinsville,
[llinois, March 4-6, 1997. (Awarded Lewis
L. Oshorne Best Student Paper)

Sheehan, R.J. 1995. Use of sperm extenders.
North Centrd Regionad Aquaculture Center
Hybrid Striped Bass Workshop,
Champaign, Illinois, November 2-4, 1995,
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Swann, L. 1995. Cage culture. North Central
Regiona Aquaculture Center Hybrid
Striped Bass Workshop, Champaign,
[llinois, November 2-4, 1995.

WALLEYE

Publicationsin Print

Aubineau, C.M. 1996. Characterization of the
supply of waleye fingerlingsin the North
Central Region of the U.S. Magter's thesis.
[llinois State University, Normdl.

Barry, T.P., A.F. Lapp, L.S. Procarione, and
JA. Mdison. 1995. Effects of selected
hormones and mae cohorts on find oocyte
meaturation, ovulation, and steroid
production in waleye (Stizostedion
vitreum). Aquaculture 138:331-347.

Billington, N., R.J. Barrette, and P.D.N.
Hebert. 1992. Management implications of
mitochondria DNA variation in waleye
stocks. North American Journal of
Fisheries Management 12:276-284.

Bristow, B.T. 1993. Comparison of larva
waleye socksin intensve culture.
Mader’ sthesis. lowa State University,
Ames.

Bristow, B.T., and R.C. Summerfelt. 1994.
Performance of larval wadleye cultured
intengvely in clear and turbid water. Journd
of the World Aquaculture Society 25:454-
464

Bristow, B.T., and R.C. Summerfelt. 1996.
Comparative performance of intengvely
cultured larvad walleye in dear, turbid, and
colored water. Progressive Fish-Culturist
58:1-10.

Clouse, C.P. 1991. Evauation of zooplankton
inoculation and organic fertilization for

pond-rearing walleye fry to fingerlings.
Master’ s thesis. lowa State University,
Ames.

DiStefano, R.J,, T.P. Barry, and JA. Mdison.
1997. Correlation of blood parameters with
reproductive problemsin waleyein a
Missouri impoundment. Journd of Aquatic
Anima Heslth 9:223-229.

Harder, T., and R.C. Summerfelt. 1996.
Effects of tank color and Sze on the
success of training walleye fingerlings to
formulated feed. Pages 631-636 in G.S.
Libey and M.B. Timmons, editors.
Successes and failuresin commercia
recirculating aquaculture. Northeast
Regiond Agriculturd Engineering Service
(NRAES), NRAES-98, volume 2. Cornéll
Univergity, Ithaca, New Y ork.

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

Harding, L.M., and R.C. Summerfelt. 1993.
Effects of fertilization and of fry stocking
dengty on pond production of fingerling
walleye. Journa of Applied Aquaculture
2(3/4):59-79.

Held, JA., and JA. Malison. 1996. Culture of
walleye to food size. Pages 231-232 in
R.C. Summerfelt, editor. Walleye culture
manual. NCRAC Culture Series #101,
NCRAC Publications Office, lowa State
Univerdty, Ames.

Held, JA., and JA. Malison. 1996. Pond
culture of hybrid walleye fingerlings. Pages
311-313in R.C. Summerfdt, editor.
Wadleye culture manua. NCRAC Culture
Series #101, NCRAC Publications Office,
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lowa State University, Ames.

Kapuscinski, A.R., chair. 1995. Performance
standards for safely conducting research
with geneticaly modified fish and shdllfish.
Part I. Introduction and supporting text for
flowcharts. In USDA, Agriculturd
Biotechnology Research Advisory
Committee, Working Group on Aquétic
Biotechnology and Environmental Sefety.
Office of Agriculturd Biotechnology,
Document No. 95-04.

Kapuscinski, A.R., chair. 1995. Performance
standards for safely conducting research
with genetically modified fish and shdllfish.
Part 1. FHowcharts and accompanying
worksheets. In USDA, Agriculturd
Biotechnology Research Advisory
Committee, Working Group on Aquetic
Biotechnology and Environmenta Sefety.
Office of Agriculturd Biotechnology,
Document No. 95-05.

Kapuscinski, A.R. 1996. Sdlective breeding of
wadlleye: building block for indoor
aquaculture. Pages 331-338in R.C.
Summerfet, editor. The waleye culture
manual. NCRAC Culture Series #101,
NCRAC Publications Office, lowa State
Univerdty, Ames.

Luzier, JM. 1993. The ecology of clam shrimp
in fish culture ponds. Master’ sthesis. lowa
State Univergty, Ames.

Luzier, JM., and R.C. Summerfelt. 1993. A
review of the ecology and life history of
clam shrimp (Order Spinicaudata,
Laevicaudata, Formerly Order
Conchostraca: Branchiopoda). Prairie
Naturalist 25:55-64.

Luzier, JM., and R.C. Summerfelt. 1996.
Effects of clam shrimp on production of

walleye and northern pike and areview of
clam shrimp control strategies. Journd of
Applied Aquaculture 6(4):25-38.

Luzier, JM., and R.C. Summerfelt. 1996.
Experimenta demongtration of the effects
of clam shrimp on turbidity of microcosms.
Progressive Fish-Culturist 58:68-70.

Malison, JA., and M.A.R. Garcia-Abiado.
1996. Sex control and ploidy manipulations
in yelow perch (Perca flavescens) and
wadleye (Stizostedion vitreum). Journa of
Applied Ichthyology 12:189-194.

Malison, JA., and JA. Held. 1996.
Reproductive biology and spawning. Pages
11-18 in R.C. Summerfdt, editor. The
walleye culture manua. NCRAC Culture
Series#101, NCRAC Publications Office,
lowa State University, Ames.

Malison, JA., and JA. Held. 1996.
Habituating pond-reared fingerlings to
formulated feed. Pages 199-204 in R.C.
Summerfdt, editor. The waleye culture
manua. NCRAC Culture Series #101,
NCRAC Publications Office, lowa State
Univerdty, Ames.

Malison, JA., and JA. Held. 1996.
Reproduction and spawning in waleye.
Journd of Applied Ichthyology 12: 153-
156.

Malison, JA., JA. Held, L.S. Procarione, and
M.A.R. Garcia-Abiado. 1998. The
production of monosex female populations
of walleye (Stizostedion vitreum) usng
intersex broodstock. Progressive Fish-
Culturist 60(1):20-24.
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Madlison, JA., L.S. Procarione, A.R.
Kapuscinski, T.P. Barry, and T.B. Kayes.
1994. Endocrine and gonadd changes
during the annua reproductive cycle of the
freshwater teleost, Stizostedion vitreum.
Fish Physiology and Biochemistry 13:473-
484.

Marty, G.D., D.E. Hinton, R.C. Summerfelt.
1995. Histopathology of swimbladder
noninflation in walleye (Stizostedion
vitreum) larvae: role of development and
inflammation. Aquaculture 138:35-48.

Rieger, PW. 1995. Behavior of larva walleye.
Doctord dissertation. lowa State
Univerdty, Ames.

Riepe, JR. 1998. Walleye marketsin the
North Central Region: results of a 1996/97
survey. NCRAC Technical Bulletin Series
#113, NCRAC Publications Office, lowa
State Univergty, Ames.

Summerfdt, R.C. 1991. Non-inflation of the
gas bladder of larva walleye (Stizostedion
vitreum): experimenta evidence for
dternative hypotheses of its etiology. Pages
290-293in P. Lavens, P. Sorgeloos, E.
Jaspers, and F. Ollevier, editors. LARVI
'91 - Fish & Crustacean Larviculture
Symposium. European Aquaculture
Society, Specia Publication No. 15, Gent,
Bdgium.

Summerfelt, R.C. 1995. Pond- and tank-
culture of fingerling walleyes: A review of
North American practices. Pages 31-33 in
P. Kestemont and K. Dabrowski, editors.
Workshop on aguaculture of percids. First
meeting of the European Workgroup on
Aquaculture of Percids, Vaasa, Finland,
August 23-24, 1995.

Summerfet, R.C. 1995. Production of
advanced fingerling to food sze walleye.
Pages 48-52 in P. Kestemont and K.
Dabrowski, editors. Workshop on
aquaculture of percids. First meeting of the
European Workgroup on Aquaculture of
Percids, Vaasa, Finland, August 23-24,
1995.

Summerfdt, R.C., editor. 1996. Walleye
culture manua. NCRAC Culture Series
#101, NCRAC Publications Office, lowa
State Univergty, Ames.

Summerfdt, R.C. 1996. Wdleye culture
manud: Preface. Pages xiii-xiv in R.C.
Summerfelt, editor. Walleye Culture
Manual. NCRAC Culture Series #101.
NCRAC Publications Office, lowa State
Univerdty, Ames.

Summerfdt, R.C. 1996. Introduction. Pages 1-
10 in R.C. Summerfdt, editor. Wdleye
Culture Manud. NCRAC Culture Series
#101. NCRAC Publications Office, lowa
State University, Ames.

Summerfdt, R.C. 1996. Intensive culture of
walleye fry. Pages 161-185in R.C.
Summerfdt, editor. Waleye culture manud.
NCRAC Culture Series#101, North
Centrd Regiond Aquaculture Center
Publications Office, lowa State Universty,
Ames.

Summerfdt, R.C., R.C. Clayton, T.K. Yager,
S.T. Summerfelt, and K.L. Kuipers. 1996.
Live weight-dressed weight relationships of
walleye and hybrid walleye. Pages 241-
250 in R.C. Summerfdt, editor. Wdleye
Culture Manua. NCRAC Culture Series
#101. NCRAC Publications Office, lowa
State Univergty, Ames.
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Summerfdt, R.C., C.P. Clouse, L.M. Harding,
and JM. Luzier. 1996. Wdleye fingerling
culturein drainable ponds. Pages 89-108
in R.C. Summerfdt, editor. Wdleye culture
manua. NCRAC Culture Series #101,
North Centra Regiona Aquaculture Center
Publications Office, lowa State Universty,
Ames.

Summerfelt, R.C., C.P. Clouse, and L.M.
Harding. 1993. Pond production of
fingerling waleye, Sizostedion vitreum, in
the northern Grest Plains. Journd of
Applied Aquaculture 2(3/4):33-58.

Summerfdt, ST., and R.C. Summerfelt. 1996.
Aquaculture of walleye asafood fish.
Pages 215-230 in R.C. Summerfdt, editor.
Walleye Culture Manud. NCRAC Culture
Series#101. NCRAC Publications Office,
lowa State University, Ames.

Vargas, G. 1994. A behaviora study of feeding
aggresson in waleye (Stizostedion
vitreum). Report for the Minnesota
Biologicd Sciences Summer Research
Program, University of Minnesota,
Department of Fisheries and Wildlife, S.
Paul.

Manuscripts

Bidik, I., and T.B. Kayes. In preparation.
Effects of agration, fertilization, and sac-fry
stocking rate on the large-scale pond
production of fingerling waleye.
Progressve Fish-Culturist.

Clayton, R.D., T.L. Stevenson, and R.C.
Summerfelt. In press. Fin eroson in
intensvely cultured walleye and hybrid
walleye. Progressive Fish-Culturi<.

Madison, JA., and JA. Held. In press. Juvenile
and adult performance characteristics and

sexudly related dimorphic growth in
wadlleye (Stizostedion vitreum) and
hybrids (S. vitreum x S, canadense)
produced from severa geographic stocks.
Aquaculture.

Malison, JA., and JA. Held. In preparation.
Organoleptic and carcass characteristics of
purebred walleye (Stizostedion vitreum)
and hybrids (S. Vitreum x S. canadense)
produced from severa geographic stocks.
Aqueculture.

Malison, JA., T.B. Kayes, L.S. Procarione, J.
Hansen, and JA. Held. In press. Induction
of out-of-season spawning in walleye
(Stizostedion vitreum). Aquaculture.

Rieger, PW., and R.C. Summerfdt. In press.
Theinfluence of turbidity on larva wdleye,
Stizostedion vitreum, behavior and
development in tank culture. Aquaculture.

Papers Presented

Barry, T.P., L.S. Procarione, A.F. Lapp, and
JA. Malison. 1992. Induced final oocyte
meaturation and spawning in waleye
(Stizostedion vitreum). 23 Annua
Meseting of the World Aquaculture Society,
Orlando, Florida, May 21-25, 1992. Also
presented at the Midwestern Regiona
Endocrinology Conference, lllinois State
Univergty, Normal, May 15-16, 1992, and
the Endocrinology Reproductive Physiology
Program Research Symposium, Madison,
Wisconsin, September 10, 1992.

Bidik, I., and T.B. Kayes. 1995. Effects of
aerdion, fertilization, and sac-fry stocking
rate on the large-scale production of
fingerling waleye, Sizostedion vitreum, in
earthen ponds. 26" Annua Mesting of the
World Aquaculture Society, San Diego,
Cdlifornia, February 1-4, 1995.
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Bristow, B., and R.C. Summerfdt. 1993. The
timing of critica eventsin the early
development of larval walleye reared on
formulated feed. Joint meeting, 31% annua
mesting of the Illinois Chapter and 25"
Annuad Mesting of the lowa Chapter of the
American Fisheries Society, Bettendorf,
lowa, February 16-18,1993.

Bristow, B.T., and R.C. Summerfelt. 1995. A
production-scae eva uation of training and
grower diets for the extensve-intensive
production of advanced fingerling waleyes.
1995 Coolwater Fish Culture Workshop,
State College, Pennsylvania, January 8-10,
1995.

Bristow, B.T., R.C. Summerfelt, and R.
Clayton. 1995. Culture of larval walleyein
clear, turbid, and colored water. Mid-
Continent Fish Culture Workshop. Kansas
City, Kansas, February 14-15, 1995.

Brisow, B.T., R.C. Summerfelt, and R.
Clayton. 1995. Culture of larval walleyein
clear, turbid, and colored water. lowa
Minnesota State Chapters, American
Fisheries Society, Okoboji, lowa, February
21-23, 1995.

Bushman, R.P., and R.C. Summerfelt. 1991.
Effects of tank design on intensve culture of
waleye fry. Coolwater Fish Culture
Workshop, Springfield, Missouri, January
7-9, 1991.

Bushman, R.P., and R.C. Summerfelt. 1992.
The effect of pH on gas bladder inflation of
larva waleye. Coolwater Fish Culture
Workshop, Carbondale, Illinois, January 6-
8, 1992.

Clayton, R., and R.C. Summerfelt. 1995.
Toxicity of hydrogen peroxide to juvenile
walleye. 1995 Coolwater Fish Culture

Workshop, State College, Pennsylvania,
January 8-10, 1995.

Clayton, R., and R.C. Summerfelt. 1995.
Toxicity of hydrogen peroxide to juvenile
waleye. Mid-Continent Fish Culture
Workshop Kansas City, Kansas, February
14-15, 1995.

Clouse, C., and R.C. Summerfelt. 1991.
Evauation of zooplankton inoculation and
organic fertilization as management
drategies for pond-rearing waleye fry to
fingerlings. Coolwater Fish Culture
Workshop, Springfield, Missouri, January
7-9, 1991.

Held, JA. 1996. Hybrid walleye - A candidate
for intensive aguaculture? Aqua'96, Tenth
Anniversary Minnesota Aquaculture
Conference and Trade Show, Alexandria,
Minnesota, March 8-9, 1996.

Kapuscinski, A.R. 1995. Therole of sdlective
breeding in sustainable aquaculture.
University of Minnesota, Lake Itasca
Summer Program, Course on Sustainable
Fisheries and Aquaculture.

Kapuscinski, A.R., R.C. Summerfdt, B.
Bristow, and M.C. Hove. 1994. Genetic
components of early performance traits of
intensvely cultured walleye. Ffth
Internationd Symposium on Geneticsin
Aquaculture, Halifax, Nova Scotia, June
19-25, 1994.

Kayes, T.B. 1995. Harvesting perch and
walleye fingerlings from ponds. Nebraska
Aquaculture Update & Spring Mesting,
North Platte, Nebraska, March 25, 1995.

Malison, JA. 1995. Reproductive biology and
control of spawning in walleye. Combined
North Centrd and Ninth Annual Minnesota
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Aquaculture Conference and Tradeshow
(Second North Central Regiona
Aquaculture Conference), Minnegpalis,
Minnesota, February 17-18, 1995.

Mdison, JA. 1997. Reproduction and sex
reversa in ydlow perch and walleye. Third
North Centrd Regiond Aquaculture
Conference, Indianagpolis, Indiana,
February 6-7, 1997.

Malison, J. A., and JA. Held. 1995.
Reproduction and spawning in walleye.
PERCIS I, the Second International
Percid Fish Symposium and the Workshop
on Aquaculture of Percids, Vaasa, Finland,
August 21-25, 1995.

Malison, JA., JA. Held, and L.S. Procarione.
1994. The production of dl-femae
populations of walleye (Sizostedion
vitreum) using partially sex-inverted
broodstock. 25" Annua Medting of the
World Aquaculture Society, New Orleans,
Louisiana, January 12-18, 1994.

Malison, JA., T.B. Kayes, L.S. Procarione,
JF. Hansen, and JA. Held. 1994.
Induction of out-of-season spawning in
walleye (Stizostedion vitreum). 25"
Annua Mesting of the World Aquaculture
Society, New Orleans, Louisana, January
12-18, 1994.

Malison, JA., J. Mdlenthin, L.S. Procarione,
T.P. Barry, and JA. Held. 1997. The
effects of handling on the physiologica
stress responses of yellow perch (Perca
flavescens) and walleye (Stizostedion
vitreum) at different temperatures.
Martinique '97, Martinique, French West
Indies, May 4-9, 1997.

Malison, JA., L.S. Procarione, A.R.
Kapuscinski, and T.B. Kayes. 1992.

Endocrine and gonadd changes during the
annud reproductive cycle of wdleye
(Stizostedion vitreum). 23 Annud
Mesting of the World Aquaculture Society,
Orlando, Florida, May 21-25, 1992. Also
presented at the Endocrinology
Reproductive Physiology Program
Research Symposium, Madison,
Wisconsin, September 10, 1992.

Marty, G.D., D.E. Hinton, and R.C.
Summerfelt. 1994. Histopathology of
svimbladder noninflation in walleye
(Stizostedion vitreum) larvae: role of
development and inflammation.
Internationa Symposum on Aquatic
Animal Hedlth, September 4-8, 1994.

Moore, A., M. Prange, R.C. Summerfelt, B.T.
Bristow, and R.P. Bushman. 1995. Culture
of larvd walleye, Sizostedion vitreum, fed
formulated feed. 26" Annua Mesting of the
World Aquaculture Society, San Diego,
Cdlifornia, February 1-4, 1995.

Phillips, T.A., and R.C. Summerfelt. 1995.
Effects of feeding frequency on metabolism
and growth of fingerling wdleye in intendve
culture. 1995 Coolwater Fish Culture
Workshop, State College, Pennsylvania,
January 8-10, 1995.

Phillips, T.A., and R.C. Summerfelt. 1995.
Effects of feeding frequency on metabolism
and growth of fingerling waleye in intensve
culture. lowa-Minnesota State Chapters,
American Fisheries Society, Okobaji,
lowa, February 21-23, 1995.

Riepe, JR. 1997. Revigting retail and
wholesale markets (walleye and yellow
perch). Third North Centrad Regiona
Aquaculture Conference, Indianapalis,
Indiana, February 6-7, 1997.
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Summerfet, R.C. 1989. Research of activities
of the NCRAC Walleye Work Group on
pond and intensive culture of walleye.
Symposum on Aquaculture: Current
Developments and Issues. 51% Midwest
Fish & Wildlife Conference, Springfied,
Illinois, December 5-6, 19809.

Summerfelt, R.C. 1991. Pond production of
fingerling waleye in the northern Great
Pans Symposum on Strategies and
Tactics for Management of Fertilized
Hatchery Ponds, 1213 Annud Mesting of
the American Fisheries Society, San
Antonio, Texas, September 12, 1991.

Summerfdt, R.C. 1991. Non-inflation of the
gas bladder of larva walleye (Stizostedion
vitreum): experimenta evidence for
dternaive hypotheses of its etiology. Larvi
'91: Internationd Symposium on Fish and
Crustacean Larviculture, Ghent, Belgium,
August 27-30, 1991.

Summerfdt, R.C. 1991. Wdleye culture
research sponsored by the North Central
Regiona Aquaculture Center (NCRAC).
Waleye Technicad Committee, North
Centra Divison, American Fisheries
Society, Work Group Meeting, Dubuque,
lowa, July 15-17, 1991.

Summerfdt, R.C. 1991. Culture of walleye for
food: a status report. 5" Annua Minnesota
Aquaculture Conference, St. Paul,
Minnesota, March 8-9, 1991.

Summerfdt, R.C. 1992. Intensve walleye fry
production. Aqua'92, 6" Annua
Minnesota Aquaculture Conference,
Duluth, Minnesota, March 6-7, 1992.

(Invited spesker)

Summefdt, R.C. 1992. Intensve culture of
wadlleye fry on formulated feeds gatus

report on problem of non-inflation of the
gas bladder. lowa Department of Natural
Resources, Fisheries Bureau Statewide
Mesting, Springbrook, March 3, 1992.

Summerfelt, R.C. 1993. Production of
fingerling waleye in drainable ponds. Aqua
'93, 7" Annual Minnesota Aquaculture
Conference, Alexandria, Minnesota, March
5-6, 1993. (Invited speaker)

Summerfdt, R.C. 1994. Fish biology: a
problem-solving tool for aquaculture. 56™
Midwest Fish and Wildlife Conference,
Indianapalis, Indiana, December 4-7,
1994. (Invited speaker)

Summerfdt, R.C. 1994. Intensive culture of
waleye from fry to food fish. Wisconsn
Aquaculture '94, Wisconsn Aquaculture
Conference, Stevens Point, Wisconsin,
February 18-19, 1994.

Summerfet, R.C. 1995. Status report on the
walleye culture manud. North Central and
Ninth Annua Minnesota Aquaculture
Conference and Tradeshow (Second North
Centrd Regiona Aquaculture Conference),
Minnegpoalis, Minnesota, February 17-18,
1995. (Invited speaker)

Summerfelt, R.C. 1995. Pond culture of
walleyes. Aquaculture Conference ‘ 95.
Wisconsin Aquaculture Associetion,
Stevens Point, Wisconsn March 17-18,
1995. (Invited speaker)

Summerfdt, R.C. 1997. Water quality
considerations for aquaculture. Third North
Centrd Regiona Aquaculture Conference,
Indianapalis, Indiana, February 6-7.

Summerfdt, R.C., and B.T. Bristow. 1995.
Culture of larva walleye in clear, turbid,
and colored water. 1995. Coolwater Fish
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Culture Workshop, State College,
Pennsylvania, January 8-10, 1995.

SUNFISH

Publicationsin Print

Bryan, M.D., JE. Morris, and G.J. Atchison.
1994. Methods for culturing bluegill in the
laboratory. Progressive Fish-Culturist
56:217-221.

Hayward, R.S., D.B. Noltie, and N. Wang.
1997. Use of compensatory growth to
double hybrid sunfish growth rates.
Transactions of the American Fisheries
Society 126:316-322.

Miller, S. 1995. Tetraploid induction protocols
for bluegill sunfish, Lepomis macrochirus,
using cold and pressure shocks. Master’s
thess. Michigan State University, East
Landng.

Mischke, C.C. 1995. Larvd bluegill culturein
the laboratory. Magter’ sthesis. lowa State
Univerdty, Ames.

Mischke, C.C., and JE. Morris. 1997. Out-of-
Season spawning of sunfish Lepomis spp. in
the laboratory. Progressive Fish-Culturist
59:297-302.

Mischke, C.C., and J.E. Morris. 1998. Growth
and surviva of larvd bluegillsin the
laboratory under different feeding
Progressive Fish-Culturist 60:206-213.

Mischke, C.C., and J.E. Morris. 1998. Review
of bluegill and bluegill hybrid aguaculture.
Aquaculture Magazine 24(5):30-38.

Montes-Brunner, Y. 1992. Study of the
developmenta stages of bluegill (Lepomis

macrochirus) eggs using selected
hitologicd techniques. Magter’ sthesis.
Michigan State University, East Lanang.

Read, E.R. 1994. Cage culture of black, white
and F; hybrid crappie (Pomoxis species).
Magter' sthess. Pittsourg State University,
Pittsburg, Kansas.

Thomas, G.L. 1995. Culture of white crappie
(Pomoxis annularis) in aRedrculaing
System. Magter’ s thesis, Pittsburg State
University, Rittsburg, Kansas.

Wang, N., R.S. Hayward, and D.B. Noltie.
1998. Effect of feeding frequency on food
consumption, growth, Sze variation, and
feeding pattern of age-0 hybrid sunfish.
Aquaculture 165:261-267.

Wang, N., R.S. Hayward, and D.B. Noltie
1998. Variation in food consumption,
growth, and growth efficiency among
juvenile hybrid sunfish held in isolation.
Aquaculture 167:43-52.

Westmaeas, A.R. 1992. Polyploidy induction in
bluegill sunfish (Lepomis macrochirus)
using cold and pressure shocks. Master’s
thess. Michigan State University, East
Landng.

Wills, P.S. 1998. Induced triploidy in Lepomis
sunfish and assessment of usesfor triploid
hybrid sunfish using a risk/benefit modd.
Doctord dissertation. Southern Illinois
University, Carbondde.

Wills, P.S,, JP. Paret, and R.J. Sheehan.
1994. Induced triploidy in Lepomis sunfish
and hybrids. Journa of the World
Aquaculture Society 25(4):47-60.
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Manuscripts

Hayward, R.S., N. Wang, and D.B. Naltie. In
press. Group holding impedes
compensatory growth of hybrid sunfish.
Aquaculture.

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

Wang, N., R.S. Hayward, and D.B. Naltie. In
press. Effects of socid interaction on
growth of juvenile hybrid sunfish hdd at
two densties. North American Journal of
Aqueculture.

Wills, P.S., R.J. Sheehan, and S.K. Allen, Jr.
Submitted. Histology and DNA content in
diploid and triploid hybrid sunfish.
Transactions of the American Fisheries
Society.

Papers Presented

Brown, P.B., and K. Wilson. 1994.
Experimentd and practicd diet evauations
with hybrid bluegill. 25" Annuad Megting of
the World Aquaculture Society, New
Orleans, Louisiana, January 12-18, 1994.

Hayward, R.S. 1998. Strategies for increasing
growth rates and reducing Sze variation in
hybrid sunfish. Missouri Joint Aquaculture
Conference. Springfield, Missouri, March
4-6, 1998.

Hayward, R.S. 1999. New feeding Strategies
for sunfish. North Central Regiond
Aquaculture Conference, Columbia,
Missouri, February 24-26, 1999.

Hayward, R.S., C.V. Bove, D.B. Noltie, and
N. Wang. 1997. Does the compensatory

growth response of hybrid sunfish reflect
patterns of food availability in nature?
127" Annua Mesting of the American
Fisheries Society, Monterey, Cdifornia,
August 24-28, 1997.

Kohler, C.C., and J.E. Wetzd. 1997. Protein
requirements of hybrid sunfish, Lepomis
cyanellus x L. macrochirus, diets. 28"
Annua Mesting of the World Aquaculture
Society, Sesttle, Washington, February 19-
23, 1997.

Kohler, C.C., and J.E. Wetzdl. 1999. Sunfish
nutrition. North Central Regiond
Aquaculture Conference, Columbia,
Missouri, February 24-26, 1999.

Mischke, C.C., and JE. Morris. 1996. Growth
and surviva of larva bluegill (Lepomis
macrochirus) and hybrid sunfish (green
aunfish, L. cyanellus x bluegill) inthe
laboratory under different feeding regimes.
lowa-Nebraska American Fisheries
Society Meeting, Council Bluffs, lowa,
January 29-31, 1996.

Mischke, C.C., and J.E. Morris. 1996. Early
spawning of bluegill. Midcontinent
Warmwater Fish Culture Workshop,
Council Bluffs, lowa, February 7, 1996.

Mischke, C.C., and JE. Morris. 1996. Growth
and surviva of larvd bluegill, Lepomis
macrochirus, in the |aboratory under
different feeding regimes. U.S. Chapter of
the World Aquaculture Society, Arlington,
Texas, February 14-17, 1996. (Awarded
Best Student Poster)

Morris, JE. 1995. Hybrid bluegill culture
update. Combined North Centra and Ninth
Annua Minnesota Aquaculture Conference
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and Tradeshow (Second North Centra
Regiona Aquaculture Conference),
Minnespolis, Minnesota, February 17-18,
1995.

Morris, JE. 1995. Culture of bluegills under
laboratory conditions. Nebraska
Aquaculture Conference, North Platte,
Nebraska, March 25, 1995.

Morris, JE. 1999. Overview of sunfish culture.
North Centrd Regiona Aquaculture
Conference, Columbia, Missouri, February,
1999.

Morris, JE., and C.C. Mischke. 1999.
Overview of sunfish culture. Aquaculture
America ‘99, Tampa, FHorida, January 27-
30, 1999.

Morris, J.E., C.C. Mischke, and G. Dike.
1997. Overview of Lepomis spp. culturein
the U.S. 28" Annud Megting of the World
Aquaculture Society, Sesttle, Washington,
February 19-23, 1997.

Paret, JM., R.J. Sheehan and S.D. Cherck.
1993. Growth performance of Lepomis
diploid hybrids, triploid hybrids and
parental species a five temperatures.
Mesting of the lllinois and lowa Chapters
of the American Fisheries Society,
Bettendorf, lowa, February 16-18, 1993.

Read, E.R., and JR. Triplett. 1994. Cage
culture of crappie. 56" Midwest Fish and
Wildlife Conference, Indianapalis, Indiana,
December 4-7, 1994.

Read, E.R., and JR. Triplett. 1995. Cage
culture of black, white and F; hybrid
crappie (Pomoxis species). Kansas
Commercia Fish Growers Association,
McPherson, Kansas, February 2, 1995.

Sheehan, R.J,, JP. Paret, P.S. Wills, and J.E.
Seeb. 1993. Induced triploidy and growth
of Lepomis parental species, hybrid, and
triploid hybrid &t five temperatures, 8 to
28°C. Prospects for Polyploid Fish in
Fisheries Management Symposium, 123
Annua Meeting of the American Fisheries
Society, Portland, Oregon, August 29-
September 2, 1993. (Invited paper)

Sheehan, R.J., JM. Hennessy, JM. Paret, and
P.S. Wills. 1999. Sdlection of sunfish
gpecies. North Central Regiond
Aquaculture Conference, Columbia,
Missouri, February 24-26, 1999.

Tetzlaff, B., and P. Wills. 1991. Current trends
in the culture of hybrid sunfish. First North
Centrd Regiona Aquaculture Conference,
Kaamazoo, Michigan, March 18-21,
1991.

Thomeas, G.L., and JR. Triplett. 1994-1995.
Close-loop white crappie (Pomoxis
annularis) culture. 56" Midwest Fish and
Wildlife Conference, Indianapoalis, Indiana,
December 4-7, 1994. Also presented at
the Kansas Commercid Fish Growers
Association Meeting, McPherson, Kansas,
February 2, 1995 and Kansas Academy of
Science Annua Mesting, Pittsburg State
University, Rittsburg, Kansas, April 7,
1995.

Wang, N., R.S. Hayward, and D.B. Noltie.
1997. Individua variation in growth, food
consumption, and growth efficiency of
hybrid sunfish due to genetic differences.
127" Annua Mesting of the American
Fisheries Society, Monterey, Cdifornia,
August 24-28, 1997.

Westmaes, A.R., W. Young, and D. Garling.
1991. Induction of polyploidsin bluegills
and chinook salmon. First North Central

Annual Progress Report 1998-99

Page 117



NORTH CENTRAL REGIONAL AQUACULTURE CENTER

Regiond Aquaculture Conference,
Kaamazoo, Michigan, March 18-21,
1991.

Wetzd, JE., and C.C. Kohler. 1997. Effects
of protein levelsin hybrid sunfish, Lepomis
cyandlus x L. macrochirus, diets. lllinois
Chapter of the American Fisheries Society
Annua Mesting, Collinsvillg, Illinois, March
5-7, 1997.

Wills, P.S,, R.J. Sheehan, and SA. Allen, Jr.
1997. Sperm production, histology, and
relative DNA content in gonada tissues
from diploid and triploid hybrid Lepomis
sunfish. 127" Annua Mesting of the
American Fisheries Society, Monterey,
Cdifornia, August 24-28 , 1997.

Wills, P.S,, R.J. Sheehan, and SK. Allen, Jr.
Sperm production, histology, and relative
DNA content in gonadal tissues from
diploid and triploid hybrid Lepomis sunfish.
Illinois Chapter of the American Fisheries
Society Annud Meeting, Callinsville,
Illinois, March 4-6, 1997.

SALMONIDS

Publicationsin Print

Cain,K.D.,and D.L. Garling. 1995.
Pretrestment of soy bean med for sdmonid
diets with phytase to reduce phosphorus
concentretion in hatchery effluents.
Progressive Fish-Culturist 57:114-119.

Finck, JL. 1994. Activity of dl-femde and
mixed-sex rainbow trout (Oncor hynchus
mykiss) and their early growth and surviva
in comparison to dl-femaetriploids.
Mader'sthess, Southern Illinois
University-Carbondae.

Pan, J.Z., K. Dabrowski, L. Liu, and A.
Ciereszko. 1995. Characteristics of semen

and ovary in rainbow trout (Oncorynchus
mykiss) fed fish med and/or animd by-
product based diets. Proceedings of the 5"
International Symposum on the
Reproductive Physiology of Fish, Audtin,
Texas, July 2-8, 1995.

Procarione, L.S,, T.P. Barry, and JA. Mdison.
1999. Effects of high rearing densities and
loading rates on the growth and stress
responses of juvenile rainbow trout. North
American Journa of Aquaculture 61:91-96.

Ramseyer, L.J. 1995. Total length to fork
length relationships of juvenile hatchery-
reared coho and chinook salmon.
Progressive Fish-Culturist 57:250-251.

Ramseyer, L.J. 1997. Nutritiona strategiesfor
reducing pollutants in aguaculture effluents.
Doctord dissertation, Michigan State
Universty, East Lansing.

Ramseyer, L., D.L. Garling, J., G. Hill, and J.
Link. 1999. Effect of digtary zinc
supplementation and phytase pre-treatment
of soybean medl or corn gluten medl on
growth, zinc gatus and zinc-related
metabolism in rainbow trout,

Oncor hynchus mykiss. Fish Physiology
and Biochemistry 20:251-261.

Riche, M. 1993. Phosphorus absorption
coefficients for rainbow trout
(Oncor hynchus mykiss) fed commercid
sources of protein. Master’ sthesis. Purdue
University, West Lafayette, Indiana

Riche, M., and P.B. Brown. 1996. Absorption
of phosphorus from feedstuffs fed to
rainbow trout. Aquaculture 142:269-282.

Riche, M., M.R. White, and P.B. Brown.
1995. Barium carbonate as an dternative
indicator to chromic oxide for usein
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digedtibility experiments with rainbow trout.

Nutrition Research 15:1323-1331.

Shasteen, S.P. 1995. Benefits of artificial
swimbladder deflation for depressurized
largemouth bass, walleye, and rainbow

trout in catch and release fisheries. Magter's

thess. Southern lllinois
University-Carbondale.

Suresh, A.V. 1996. Fiber growth and DNA,

RNA, and protein concentrations in white

muscle tissue as indicators of growth in
diploid and triploid rainbow trout,
Oncorhynchus mykiss. Doctoral
dissertation. Southern Illinois
University-Carbondale.

Manuscripts

Addiz, P.D., RR. Rosdti, K. Warner, Y.V.
Wu, T.R. Muench, M.R. White, and P.B.
Brown. In press. Evauation of fish medl-

free diets for rainbow trout, Oncorhynchus

mykiss. Aquaculture Nutrition.

Lee, K.J,, K. Dabrowski, S.C. Bai, and P.C.
Stromberg. Submitted. Mixture of animdl
and plant protein sources can completely
replace fish med in adiet for juvenile
rainbow trout (Oncor hynchus mykiss).
Journd of Nutrition.

Lee, K.J, K. Dabrowski, JH. Blom, and S.C.
Bai. Submitted. Fish mea replacement by a

fish medl andog in juvenile rainbow trout.
Aqueculture.

Lesow, T., H. Ockerman, and K. Dabrowski.

Submitted. Chemica compogtion,

functional properties and sensory evauation

of rainbow trout fillets as affected by
different feed formulations. Journd of the
World Aquaculture Society.

Riche, M. and P.B. Brown. In press.

Incorporation of plant protein feedstiuffs
into fish med diets for rainbow trout
increases phosphorus availability.
Aquaculture Nutrition.

Sheehan, R.J., C. Habicht, and JE. Seeb. In
preparation. Tolerance of diploid and
triploid chinook Samon, coho salmon, and
rainbow trout during smulated
transportation. Transactions of the
American Fisheries Society.

Sheehan, R.J,, S.P. Shasteen, A.V. Suresh,
A.R. Kapuscinski, and J.E. Seeb.
Accepted. All-female triploids and diploids
outgrow mixed-sex diploid rainbow trout.
Transactions of the American Fisheries
Society.

Suresh, A.V., and R.J. Sheehan. In press.
Muscle fiber growth dynamicsin diploid
and triploid rainbow trout. Journal of Fish
Biology.

Suresh, A.V., and R.J. Sheehan. In press.
Biochemicad and morphologicd corrdaes
of growth in diploid and triploid rainbow
trout. Journd of Fish Biology.

Well, L.S, T.P. Barry, and JA. Mdison.
Submitted. Fast growth in rainbow trout is
correlated with arapid decrease in post-
stress cortisol concentrations. Aquaculture.

Papers Presented

Addiz, P., P. Brown, V. Wu, and R. Rosti.
1995. Fish meal-free diets for rainbow
trout. 24" Annual Fish Feed and Nutrition
Workshop, Columbus, Ohio, October 19-
21, 1995.

Addiz, P., P. Brown, V. Wu, K. Warner, and
R. Rosati. 1996. Alternative feed
ingredients in diets fed to rainbow trout.
Aquaculture America, Dalas, Texas,
February 14-17, 1996.
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Barry, T.P., T.B. Kayes, T.E. Kuczynski, A.F.
Lapp, L.S. Procarione, and JA. Malison.
1993. Effects of high rearing densty and
low-leve gas supersaturation on the growth
and stress responses of |ake trout
(Salvelinus namaycush). 123 Annua
Meseting of the American Fisheries Society,
Portland, Oregon, August 28-September 3,
1993.

Bharadwaj, A., and P.B. Brown. 1999.
Growth response of rainbow trout fed fish
meal and plant based diets. Aquaculture
America’99, Tampa, Florida, January 27-
30, 1999.

Brown, P.B. 1993. SAmonid aguaculture in the
North Centrd Region. Seventh Annua
Minnesota Aquaculture Conference,
Alexandria, Minnesota, March 5-6, 1993.

Brown, P.B., Y. Hodgin, K. Wilson, and J.
Sanley. 1996. Review of lecithinin
aquaculture and evauation of three
commercid lecithin productsin diets fed to
coho and Atlantic sdlmon. 87" Annua
Mesting of the American Oil Chemigts
Society, Indiangpolis, Indiana, June 22-24,
1996.

Dabrowski, K., A. Ciereszko, L. Li, and S.C.
Bai. 1998. Effects of fish med replacement
in rainbow trout diets on sperm quality. 29"
Annud Mesting of the World Aquaculture
Society, Las Vegas, Nevada, February 15-
19, 1998.

Dabrowski, K, JH. Blom, K.J. Lee, A.
Cierszki, and J. Rinchard. 1998.
Cottonseed meal in grow-out and brood
stock diets for rainbow trout. Fish Nutrition
Workshop, Pine Bluff, Arkansas, August
13-15, 1998.

Finck, JL., and R.J. Sheehan. 1993. Daily
activity patterns of mixed-gender and
al-female rainbow trout in raceways.
Presented at the 55 Midwest Fish &

Wildlife Conference, Annua Mexting of the
North-Centra Divison of the American
Fisheries Society, &. Louis, Missouri,
December 11-15, 1993. (Invited paper)

Finck, JL., and R.J. Sheehan. 1993. Daily
activity patterns of mixed-sex and
al-femae rainbow trout in raceways.
Presented at the Joint Mesting of the Illinois
and lowa Chapters of the American
Fisheries Society, Bettendorf, lowa,
February 16-18. (Awarded Best Student
Paper)

Haley, D.I., and D.L. Garling. 1999.
Evauation of phytase pretrestment on dll
plant diets in rainbow trout (Oncorhynchus
mykiss). 30" Annua Megting of the World
Aquaculture Society, Sydney, Audrdia,
April 26-May 2, 1999.

Lee, K.J, K. Dabrowski, JH. Blom, S.C. Ba,
and P. Stromberg. 1998. Fish med
replacement by animal and plant protein
sources in juvenile rainbow trout,
Oncorhynchus mykiss diets. Fish Nutrition
Workshop, Pine BIuff, Arkansas, August
13-15, 1998.

Procarione, L.S,, T.P. Barry, and JA. Mdison.
1996. A rapid corticosteroid stress
response is correlated with superior growth
in rainbow trout. Midwest Endocrinology
Conference, The Society of Integrative and
Comparative Biology, Madison, Wisconan,
June 22-23, 1996.

Ramseyer, L.J., and D.L. Garling. 1997. Fish
nutrition and aquaculture waste
management. Third North Centra Regiond
Aquaculture Conference, Indianagpoalis,
Indiana, February 6-7, 1997.

Riche, M., and P.B. Brown. 1993. Apparent
phosphorus absorption coefficients for
rainbow trout fed common feedstuffs. 24"
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Annua Mesting of the World Aquaculture
Society, Torremolinos, Spain, May 26-28,
1993.

Riche, M., M.E. Griffin, and P.B. Brown.
1994. Effect of dietary phytase
pretrestment on phosphorus leaching from
rainbow trout feces. 25" Annua Mesting of
the World Aquaculture Society, New
Orleans, Louisiana, January 12-18, 1994.

Sheehan, R.J. 1995. Applications of
chromosome set manipulation to fisheries
resource management. Presented at the
Universty of Peru, Amazonia, Iquitos,
Peru, August 17, 1995. (Invited paper)

Sheehan, R.J., C. Habicht, and J.E. Seeb.
1994. Tolerance of triploid Oncor hynchus
(coho, chinook, and rainbow trout) to
aguaculture stressors. Presented at the 561
Midwest Fish and Wildlife Conference,
Indianapalis, Indiana, December 4-7,
1994.

NORTH CENTRAL
REGIONAL
AQUACULTURE
CONFERENCES

Proceedings

Proceedings of the North Central Regiona
Aquaculture Conference. 1991. First North
Centrd Regiona Aquaculture Conference,
Kaamazoo, Michigan, March 18-21,
1991.

Morris, JE., editor. 1999. Aquaculture a the
crossroads: linking the pagt to the future.
Compilation of abstracts, papers, and
supporting articles for the Fourth North
Centrd Regiona Aquaculture Conference,
Columbia, Missouri, February 24-26,
1999.

NATIONAL
AQUACULTURE
EXTENSION
WORKSHOP/
CONFERENCE

Publicationsin Print

Proceedings of the Nationa Extension
Aquaculture Workshop. 1992. National
Extenson Aquaculture Workshop,
Ferndale, Arkansas, March 3-7, 1992.

National Aquaculture Extenson Conference: A
Program Summary of Presentations,
Posters and Aquaculture Short Courses.
1997. Nationa Extenson Aquaculture
Conference, Annapolis, Maryland, April 8-
12, 1997. Maryland Sea Grant Extension
Publication Number UM-SG-MAP-97-01,
College Park, Maryland. (Also avallable
eectronicdly a:
http://mww.mdsg.umd.edu: 80/extensioncon
f/summary.html)

CRAYFISH

Publicationsin Print

Brown, P., and J. Gunderson, editors. 1997.
Culture potentia of selected crayfishesin
the North Central Region. NCRAC
Technicd Bulletin Series #112, NCRAC
Publications Office, lowa State Universty,
Ames.

Fetzner, JW., Jr., R.J. Sheehan, and L.W.
Seeb. 1997. Genetic implications of
broodstock selection for crayfish
aquaculture in the Midwestern United
States. Aquaculture 154:39-55.

Gunderson, JLL. 1995. Rusty crayfish: a nasty
inveder, the biology, identification, and
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impacts of the rusty crayfish. Minnesota
Sea Grant Extension Publication, University
of Minnesota, Duluth.

Richards, C., J.L. Gunderson, P. Tucker, and
M. McDonald. 1995. Crayfish and baitfish
culture in wild rice paddies. Technical
Report No. NRRI/TR-95/39. Natural
Resources Research Ingtitute, Duluth,
Minnesota.

Papers Presented

Brown, P.B. 1994. Pond production of
crayfish. Workshop on Getting Started in
Commercid Aquaculture Raisng Crayfish
and Ydlow Perch, Jasper, Indiana,
October 14-15, 1994.

Brown, P.B. 1994. Crayfish and aguatics.
raising fish for profit. Indiana Horticulturd
Congress, Indianagpalis, Indiana

Brown, P.B. 1995. Crayfish aquaculture in the
north. Nebraska Aquaculture Conference,
North Platte, Nebraska, March 25, 1995.

Gunderson, JL. 1994. Raising crayfish
commercidly. Development 94, Detroit
Lakes, Minnesota, February 18, 1994.

Gunderson, JL. 1994. Softshell crayfish
production. Aqua ‘94, 8" Annud
Minnesota Aquaculture Conference,
Alexandria, Minnesota, March 4, 1994.

Gunderson, J.L. 1994. Outdoor culture
systems and crayfish production. Minnesota
Extension Service Aquaculture Seminar,
Thief River Fdls, Minnesota, April 25,
1994.

Gunderson, J.L. 1994. Softshell crayfish
production. Workshop on Getting Started

in Commercid Aquaculture Raising
Crayfish and Y ellow Perch, Jasper,
Indiana, October 14-15, 1994.

Gunderson, JL. 1995. Diversity in aguaculture
— crawfish. Wisconsin Aquaculture ‘95,
Stevens Point, Wisconsin, March 17,
1995.

BAITFISH

Publication in Print

Meronek, T.G. 1994. Status of the bait
indugtry in the North Central Region of the
United States. Magter's thesis. University of
Wisconsin, Stevens Point.

Meronek, T.G., F.A. Copes, and D.W. Caoble.
1995. A summary of bait regulationsin the
north centrd United States. Fisheries
20(11):16-23.

Papers Presented

Copes, F.A. 1993. Aquaculture shortcourse.
Sponsored by University of Wisconsin-Sea
Grant and Wisconsin Department of
Agriculture, Greenwood, Wisconsin,
March 1993.

Copes, F.A. 1995. Baitfish aquaculture. North
Centrd Regiona Aquaculture
Conference/Ninth Annua Minnesota
Aquaculture Conference, Minnegpoalis,
Minnesota, February 1995.

Meronek, T.G. 1993. Survey of the bait
industry in the north central United States.
Annud Mesting of the Michigan Fish
Farmers Association, Cadillac, Michigan,
February 1993.

Meronek, T.G. 1993. Survey of the bait
industry in the north Central United States.
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Seventh Annua Minnesota Aquaculture
Conference, Alexandria, Minnesota, March
1993.

Meronek, T.G. 1993. Survey of the bait
indugtry in the north central United States.
[llinois Fish Farmers Association, Pana,
[llinois, March 1993.

Meronek, T.G. 1994. Status of the bait
industry in the North Centra Region.
Annua Meeting of the Wisconsin Chapter
of the American Fisheries Society,
Marinette, Wisconain, January 1994.

Meronek, T.G. 1994. Baitfish aquaculture and
production. Governor's Conference:
Wisconsin Aquaculture * 94. University of
Wisconsin, Stevens Point, February 1994.

WASTESEFFLUENTS

Publication in Print

Rosati, R., P.D. O'Rourke, K. Tudor, and
R.D. Henry. 1993. Performance of a
raceway and vertica screen filter while
growing Tilapia nilotica under commercia
conditions. Pages 303-214 in JK. Wang,
editor. Techniques for modern aguaculture.
Publication No. P-0293, American Society
of Agricultural Engineering, St. Joseph,
Michigan.

Report

Yeo, SE., and F.P. Binkowski. 1999.
Beneficid utilization of aguaculture effluents
and solids. Report submitted to NCRAC,
Michigan State University, East Lansng.

Papers Presented

Hinrichs, D., J. Webb, R. Rosati, and P. Foley.
1994. Effluent characterization from the
production of Oreochromis niloticusina

modified Red Ewald-style recirculating
system. 25" Annua Mesting of the World
Aquaculture Society, New Orleans,
Louisana, January 12-18, 1994.

Rosati, R., D. Hinrichs, and J. Webb. 1994.
Biofilter performance during the production
of Oreochromis niloticus in amodified
Red Ewald-style recirculating system. 124
Annua Medting of the American Fisheries
Society, Hdifax, Nova Scotia, August 21-
25, 1994,

Rosati, R., P.D. O'Rourke, K. Tudor, and
R.D. Henry. 1993. Performance of a
raceway and vertica screen filter while
growing Tilapia nilotica under commercia
conditions. Techniques for Modern
Aquaculture, Specid Session at the Annua
Mesting of the American Society of
Agriculturd Engineering, Spokane,
Washington, June 21-23, 1993.

Rosati, R., J. Webb, D. Hinrichs, and P. Foley.
1993. Characterigtics of the effluent from a
recirculating aquaculture system. U.S.
Chapter of the World Aquaculture Society,
Hilton Head, South Carolina, January 27-
30, 1993.

Smydra, T.M., and J.E. Morris. 1994.
Characterization of aguaculture effluents
from two lowa hatcheries. lowa Chapter,
American Fisheries Society, Council Bluffs,
lowa, February 15-16, 1994.

Smydra, T.M., and J.E. Morris. 1994.
Characterization of aguaculture effluents.
56" Midwest Fish and Wildlife
Conference, Indianapolis, Indiana,
December 4-7, 1994.
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NATIONAL
AQUACULTURE
INAD/NADA
COORDINATOR

Publicationsin Print

Schnick, R.A. 1996. Chemicals and drugs.
Pages 347-354 in R.C. Summerfelt, editor.
Waleye culture manud. NCRAC Culture
Series# 101, North Central Regional
Aquaculture Center Publications Office,
lowa State University, Ames.

Schnick, R.A. 1996. Cooperative fish
thergpeutic funding initiative: Statesin
partnership with federal agenciesto ensure
the future of public fish culture.
Transactions of the 61 North American
Wildlife and Natura Resources Conference
61.6-10.

Schnick, R.A. 1997. Internationa regulatory
aspects of chemica and drug residues.
Pages 186-194 in R.E. Martin, RL.
Collette, and JW. Savin, editors. Fish
ingpection, quaity control, and HACCP: a
globd focus. Technomic Publishing
Company, Inc., Lancaster, Pennsylvania.

Schnick, R.A. 1998. Approval of drugs and
chemicals for use by the aquaculture
indudry. Veterinary and Human Toxicology
40(2):9-17.

Schnick, R.A. 1999. Use of chemicasin fish
management and fish culture: past and
future. Chapter 1, pages 1-14in D.J.
Smith, W.H. Gingerich, and M. Beconi-
Barker, editors. Xenobioticsin fish.
Kluwer Academic/Plenum Publishers, New
Y ork.

Schnick, R.A. and R.D. Armstrong. 1997.
Aquaculture drug approva progressin the

United States. Northern Aquaculture
Supplement (Salmon Hedth Report): 22-
28.

Schnick, R.A., W.H. Gingerich, and K.H.
Koltes. 1996. Federa-state aquaculture
drug regigtration partnership: A successin
the making. Fisheries 21(5):4.

Schnick, RA., D.J. Alderman, R. Armstrong,
R. Le Gouvdlo, S. Ishihara, E.D. Lacierda,
S. Percival, and M. Roth. 1997.
Worldwide aguaculture drugs and vaccine
regigtration progress. Bulletin of the
European Association of Fish Pathologists
17(6):251-260.

Papers Presented

Gingerich, W.H. and R.A. Schnick. 1997.
Federal-state aguaculture drug approval
partnership program. 28" Annua Mesting
of the World Aquaculture Society, Sesttle,
Washington, February 19-23, 1997.

Gingerich, W.H. and R.A. Schnick. 1997.
Aquaculture drug regigtration study
progress report. Mesting of the
Internationa Associaion of Fish and
Wildlife Agencies, Inland Fisheries
Committee, Washington, D.C. March 16,
1997.

Ringer, R.K. 1993. Workshop on INADs,
NADAS, and the IR-4 Project. Cdifornia
Aquaculture Association, Oakland,
October 11, 1993.

Ringer, R.K. 1993. INAD workshop: proper
drug and chemica use in aguaculture. 9"
Annua Forida Aquaculture Association
Conference, Fort Pierce, November 6,
1993.

Ringer, RK. 1994. Nationa INAD
Coordinator’ srole in aguaculture. 25™
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Annua Mesting of the World Aquaculture
Society, New Orleans, January 12-18,
1994.

Ringer, RK. 1994. State of current USDA
regulations on drug, thergpeutic, and
chemicd use. North Carolina Aquaculture
Deveopment Conference, New Bern,
February 5, 1994.

Ringer, RK. 1994. Investigationd New Animal
Drugs Workshop. Tropica and Subtropical
Regiond Aquaculture Center Industry
Advisory Council Mesting, Honolulu,
Hawaii, March 14, 1994.

Schnick, R.A. 1995. Idaho Aquaculture
Asociaion Annud Meeting, Twin Fals,
Idaho, May 19-22, 1995.

Schnick, R.A. 1995. Chemistry in Aquaculture
Symposium. Convener and presenter,
Cullowhee, North Carolina, May 31-June
2, 1995.

Schnick, R.A. 1995. FWS/INAD
Coordination Workshop. Presenter and
coordinator, Bozeman, Montana, August
1-4, 1995.

Schnick, R.A. 1995. Funding crisisfor
drugs/thergpeutants and coordination of
aquaculture INADS/NADAS. Annua
meeting of the U.S. Trout Farmers
Associaion, Twin Falls, Idaho, September
27-30, 1995.

Schnick, R.A. 1995. Activities of the National
Coordinator for Aquaculture New Animal
Drug Applications. Annua meeting of the
Nationa Research Support Program
Number 7 (NRSP-7), Rockville,
Maryland, October 2, 1995.

Schnick, R.A. 1995. INAD/NADA
Coordinators workshop under the
sponsorship of CVM. Organizer and
presenter, Rockville, Maryland, November
1-2, 1995.

Schnick, R.A. 1996. Status of aquaculture
INADs and NADAS. Presenter and
coordinator, Midcontinent Warmwater Fish
Culture Workshop and INAD/NADA
Coordination Meetings, Council Bluffs,
lowa, February 6-8, 1996.

Schnick, R.A. 1996. INAD/NADA update.
Western Regiona Aquaculture Expo * 96,
Sacramento, Cdlifornia, February 7-9,
1996.

Schnick, R.A. 1996. Nationa Aquaculture
NADA Coordinator update. Working
Group on Qudity Assurancein
Aquaculture Production, Arlington, Texas,
February 14, 1996.

Schnick, R.A. 1996. Proper use of fish
therapeutants based on legd requirements-
aill lice, bacterid gill disease, furunculogis,
etc. Annua Meeting of the Michigan
Aquaculture Asociation, East Lanaing,
Michigan, February 23, 1996.

Schnick, R.A. 1996. Status of aquaculture drug
development. Great Lakes Fish Disease
Workshop, La Crosse, Wisconsin,
February 28, 1996.

Schnick, R.A. 1996. Advancesin
thergpeutants. Southeastern Fish
Diagnogticians Workshop, Mississppi
State, Mississippi, March 13-14, 1996.

Schnick, R.A. 1996. Report on progress and
research study objectives of the Federa-
State Drug Regidration Partnership.
Mesting of the International Association of
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Fish and Wildlife Agencies, ad hoc
Committee on Aquaculture, Tulsa,
Oklahoma, March 24, 1996.

Schnick, R.A. 1996. Cooperative fish
thergpeutic funding initistive—States in
partnership with Federal agenciesto ensure
the future of public fish culture. 61% North
American Conference on Wildlife and
Natura Resources, Tulsa, Oklahoma,
March 24-28, 1996.

Schnick, R.A. 1996. Internationa regulatory
aspects of chemica and drug residues.
Internationa Conference on Fish Ingpection
and Qudity, Arlington, Virginia, May 19-
24, 1996.

Schnick, R.A. 1996. Aquaculture drug
gpprova progressin the United States.
Aquaculture Canada ‘ 96, 13" Annua
Mesting of the Aquaculture Association of
Canada, Ottawa, Ontario, June 2-5, 1996.

Schnick, RA. 1996. Summary of activities of
the National Coordinator for Aquaculture
New Anima Drug Applications (NADAS):
(May 15, 1995 to May 14, 1996). Meseting
of the Aquatic Remedies Steering
Committee, American Pet Products
Manufacturers Association, Minnegpolis,
Minnesota, June 18-19, 1996.

Schnick, R.A. 1996. Overview of NADA
Coordinator activities, Internationa Project
update, short-term INAD/NADA needs.
FWS INAD Coordination Workshop,
Bozeman, Montana, August 14-15, 1996.

Schnick, R.A. 1996. The procedures and
respongbilities related to the amoxicillin
INAD. Mesting of the Fish Growers of
America, Memphis, Tennessee, October 2,
1996.

Schnick, R.A. 1996. Overview of pivotal study
protocol requirements. Chloramine-T
Rivotd Efficacy Protocol Development
Workshop, Kansas City, Missouri,
November 7-8, 1996.

Schnick, R.A. 1997. INAD and drug clearance
update. Midcontinent Warmwater Fish
Culture Workshop, Springfield, Missouri,
February 3-5, 1997.

Schnick, R.A. 1997. Overview of partnerships
for aguaculture drug gpprovals.
Partnerships for Aquaculture Drug
Approvals. Models for Success. Chair of
Specid Session at 28" Annua Mesting of
the World Aquaculture Society, Sesttle,
Washington, February 19-23, 1997.

Schnick, R.A. 1997. Current status and future
needs for drugs in aguaculture: regiond
needs. Workshop on International
Harmonization for Drugs and Biologics,
Sesttle, Washington, February 24, 1997.

Schnick, R.A. 1997. Aquaculture drug
approva progress for the catfish industry.
Catfish Farmers of America 1997 Nationa
Convention, Nashville, Tennessee,
February 27-March 1, 1997.

Schnick, R.A. 1997. Aquaculture drugs and
chemicas gpprovals. Wisconsin
Aquaculture Conference '97, Stevens
Point, Wisconsin, March 14-15, 1997.

Schnick, R.A. 1997. History of the IAFWA
drug approva project; review of FDA's
decisons on drug use in aguaculture; and
negotiations by NADA coordinator. First
Mesting of the IAFWA Drug Approva
Oversght Subcommittee, Hot Springs,
Arkansas, May 5, 1997.
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Schnick, R.A. 1997. Review of the November
1996 chloramine-T data requirements,
Datacal-in. Chloramine-T INAD
Coordination Workshop, Bozeman,
Montana, August 5, 1997.

Schnick, R.A. 1997. Overview of NADA
Coordinator activities. FWSINAD
Coordination Workshop, Bozeman,
Montana, August 7, 1997.

Schnick, R.A. 1997. NADA Coordinator
update. JSA Working Group on Qudlity
Assurance in Aquaculture Production,
Washington, D.C., August 21-22, 1997.

Schnick, R.A. 1997. Worldwide aquaculture
drug approvals through partnershipsin the
United States. Seminar to Schering-Plough
Anima Hedth, Union, New Jersey, August
26, 1997.

Schnick, R.A. 1997. Progress with registration
of drugs and vaccines for aguaculture:
introduction and the United States. Chair
and presenter at Workshop on “Models of
Partnership for Regidtration of Drugs and
Vaccines” and “Round Table on Progress
with Regigtration of Drugs and VVaccines for
Aqueculture,” EAFP Eighth Internationdl
Conference on Diseases of Fish and
Shdllfish, Edinburgh, Scotland, September
14-19, 1997.

Schnick, R.A. 1997. Role of the nationa
NADA office in aquaculture drug approva
activities. Aquaculture Drugs and
Chemicals Approva Update, Arlington,
Virginia, September 30, 1997.

Schnick, R.A. 1997. Partia support for
National Coordinator for Aquaculture New
Anima Drug Applications. WRAC
IAC/TC Meeting, Reno, Nevada, October
20-21, 1997.

Schnick, R.A. 1998. Priorities subcommittee
report. Workshop on International
Harmonization of Aquaculture Drugs and
Biologics, Las Vegas, Nevada, February
15, 1998.

Schnick, R.A. 1998. Upcoming successes for
aguaculture drug approvasin the United
States through unique partnerships. Specia
Session, “ Aquaculture drug approvas—-a
success story about to happen,” 291
Annua Mesting of the World Aquaculture
Society, Las Vegas, Nevada, February 15-
19, 1998.

Schnick, R.A. 1998. Progress on 5-year plan
items (Plan items 1, 2, 12, and 13).
Working Group on Qudity Assurancein
Aquaculture Production, 29" Annud
Mesting of the World Aquaculture Society,
Las Vegas, Nevada, February 15-19,
1998.

Schnick, R.A. 1998. Introduction and
discusson of INADs and extra-labd use,
Specid Session, “ Aquaculture drug
approvals through producer INADs?”, 29"
Annua Mesting of the World Aquaculture
Society, Las Vegas, Nevada, February 15-
19, 1998.

Schnick, R.A. 1998. INADs and other drug
business. PNFHPC mesting, 29" Annual
Mesting of the World Aquaculture Society,
Las Vegas, Nevada, February 15-19,
1998.

Schnick, R.A. 1998. Aquaculture drug
gpprovad update. Meeting of the
Aquaculture & Seafood Advisory
Committee, American Veterinary Medicd
Association, 29" Annua Mesting of the
World Aquaculture Society, Las Vegas,
Nevada, February 15-19, 1998.
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Schnick, R.A. 1998. Progress on aquaculture
drug approvas. Fisheries Management and
Habitat Protection Statewide Training
Conference, Green Bay, Wisconsin, March
10-12, 1998.

Schnick, R.A. 1998. IAFWA Project status
and progress. Meeting of the Inland
Fisheries Committee, North American
Natura Resources Conference, Orlando,
Florida, March 20-24, 1998.

Schnick, R.A. 1998. Use of chemicdsin fish
management and fish culture: past and
future. Symposium, “Xenobictic
metabolism in fish,” American Chemicd
Society, Ddlas, Texas, March 29-April 2,
1998.

Schnick, R.A. 1998. Drug approval
partnership. American Fisheries Society,
Fisheries Adminigtrator’ s Section, Phoenix,
Arizona, April 17-19, 1998.

Schnick, R.A. 1998. Overview of NADA
Coordinator activities. FWSINAD
Coordination Workshop, Bozeman,
Montana, August 4-5, 1998.

Schnick, R.A. 1998. NADA Coordinator
update. Mesting of the JSA Working
Group on Qudity Assurancein
Aquaculture Production, Washington,
D.C., September 4, 1998.

Schnick, R.A. 1998. Overview of the activities
of the National Coordinator for
Aqueaculture New Anima Drug
Applications and suggestions for enhancing
didogue with the Minor Use Anima Drug
Program. Mesting of the Minor Use
Anima Drug Program Technicd
Committee for NRSP-7, Rockville,
Maryland, September 22, 1998.

Schnick, R.A. 1998. The effect of the Animal
Drug Availability Act of 1996 and the FDA
Modernization Act of 1997 on gpprovals of
anima hedlth products for minor
gpecies/minor uses. 1998 Anima Hedlth
Ingtitute Joint Meeting, San Diego,
Cdlifornia, November 9, 1998.

Schnick, R.A. 1998. Overview of IAFWA
Project Status. Coordination meeting for
IAFWA Aquaculture Drug Approva
Project, La Crosse, Wisconsin, November
19-20, 1998.

Schnick, R.A. 1998. Overview of the
internationa agpects of antimicrobia
sengitivity determination and the need for
harmoni zation in aguaculture drugs.
Workshop on MIC Methodology (EU
Concerted Action - Fair-CT97-3760),
Weymouth, England, November 24-27,
1998.

Schnick, R.A. 1999. Nationa NADA Office
aquaculture drug approval activities.
Aquaculture Drugs and Chemicas
Approva Update—1999, Arlington,
Virginia, January 11, 1999.

Schnick, R.A. 1999. Introduction and
discussion of INADs and new NADAs.
“ Aquaculture drug approvas through
producer INADs,” Aquaculture America
‘99, Tampa, Florida, January 27-30, 1999.

Schnick, R.A. 1999. Update on activities of the
National Coordinator for Aquaculture New
Anima Drug Applications. Mesting of the
Joint Subcommittee on Aquaculture,
Working Group on Qudity Assurancein
Aquaculture Production, Aquaculture
America‘99, Tampa, Florida, January 27-
30, 1999.
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Schnick, R.A. 1999. Update on the IAFWA
drug approval process. 1999 Mid-
Continent Fish Culture Workshop, North
Kansas City, Missouri, February 2-3,
1999.

Schnick, R.A. 1999. Aquaculture drug
goprova progress for the catfish industry.
Annua Mesting of the Cetfish Farmers of
America, New Orleans, Louisana,
February 18-20, 1999.

Schnick, R.A. 1999. Advances in fishery
chemicals. 1999 Colorado/Wyoming AFS
Mesting, “Reding in the next millennium,”
Cheyenne, Wyoming, March 1-3, 1999.

Schnick, R.A. 1999. Overview of florfenicol
approva process. Coordination meeting for
florfenicol efficacy studies, La Crosse,
Wisconsin, March 17-18, 1999.

Schnick, R.A. 1999. Progress and issues
related to the federal-state aquaculture drug
gpprova partnership. Mesting of the
IAFWA Drug Approva Oversight
Subcommittee, San Francisco, California,
March 25-28, 1999.

Schnick, R.A. 1999. International cooperation
toward aguaculture drug approvals. 30"
Annua Mesting of the World Aquaculture
Society, Sydney, Audtrdia, April 26-May
2, 1999. (Keynote address)

Schnick, R.A. 1999. USA programs related to
aquaculture drug approva development
and issues. Audrdian Department of
Agriculture, Fisheries and Forestry,
Canberra, Australia, May 3, 1999.

Schnick, R.A. 1999. Overview of NADA
Coordinator activities. USFWS - INAD
Coordination Workshop, Bozeman,
Montana, August 4-5, 1999.

Schnick, R.A. 1999. Aquaculture NADA
Coordinator update. Meseting of the JSA
Working Group on Qudity Assurancein
Aquaculture Production, Washington,
D.C., September 9, 1999.

Schnick, R.A. 1999. Internationa
harmonisation of antibacterid agent
approvals and susceptibility testing.
Chaired Workshop at European
Association of Fish Pathologists 9"
Internationa Conference, “ Diseases of Fish
and Shdllfish,” Rhodes, Greece, September
19-24, 1999.

TILAPIA

Publicationsin Print

Flumera A.C. 1997. Use of microsatellite
DNA to estimate the loss of genetic
diversty in the Lake Victoriacichlid
Species Surviva Plan captive breeding
program. Magter's thesis. Ohio State
Univergty, Columbus.

Fiumera, A.C.,, and P.A. Fuerst. 1997. Use of
DNA microsatellite loci to estimate the
effective population size of a captive-bred
Lake Victoria cichlid managed within the
Species Surviva Plan (SSP). Ohio Journd
of Science 97 (2):A-31.

Fiumera, A.C., and P.A. Fuerst. 1997. Use of
DNA microsatellite loci to study the
maintenance of genetic variaion in the
captive managed populations of the Lake
Victoriacichlid Species Surviva Plan.
Contribution No. 1 (1997), Museum of
Zoology, Fish Division, Ohio State
University, Columbus.

Mwanja, W.W., L. Kaufman, and P.A. Fuerst.
1997. Genetic population structure and
merigtic characterization of populations of
Oreochromis niloticus (Pisces. Cichlidae)
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of Lake Victoria Region and Lake
Edward-Albert System (Uganda— E.
Africa). Proceedings of the 7"
Internationa Aquaculture Symposium,
Swansea.

Wu, L., L. Kaufman, B. Porter, and P. Fuerst.
1997. Genetic variahility and
inter-population gene flow of
Adtatoreochromis dluaudi reveded by
microsatellite data. Pages 316-317 in
Proceedings of the 77" Annua Mesting of
the American Society of Ichthyologists and
Herpetologists.

Manuscripts

Fiumera, A.C., P.G. Parker, and P.A. Fuerst.
Submitted. Effective population size and
loss of genetic divergity in captive bred
populations of the Lake Victoriacichlid
Prognathochromis perrieri. Conservation

Biology.

Fiumera, A.C., P.G. Parker, and P.A. Fuerst.
Submitted. Small effective population Size
contributes to the loss of genetic diverdty in
the Lake Victoria cichlid SSP species
Paralabidochromis chilotes. Zoo Biology.

Fuers, P., W. Mwanja, L. Kaufman, and G.
C. Booton. In press. Genetic
Phylogeography of introduced
Oreochromis niloticus (Pisces: Cichlidag)
in Uganda. Proceedings of the IV
International Symposum on Tilgpia
Aqueculture.

Kasper, C.S., M.R. White, and P.B. Brown. In
press. Cholineis required by tilapiawhen
methionineisnot in excess. Journd of
Nutrition.

Riche, M., M. Oetker, D.I. Haey, T. Smith,
and D.L. Galing, X. In preparation.
Optimd feeding frequency for growth and

effidency in juveniletilgpia (Oreochromis
niloticus). Aquaculture Research.

Riche, M., D.l. Haley, M. Oetker, J,, S.
Garbrecht, and D.L. Garling, J. In
preparation. Influence of feeding frequency
on gadtric evacuation in tilapia
(Oreochromis niloticus). Aquaculture
Nuitrition.

Riche, M., M. Oetker, D. Hdey, T. Smith, and
D.L. Galing, X. In preparation. Effects of
feeding frequency on intake, growth
efficiency and body composition of Nile
Tilgpia (Orechromis niloticus).
Aquaculture Research.

Twibell, R.G., and P.B. Brown. In Press,
Optimum dietary crude protein for hybrid
tilgpia (Oreochromis niloticus x O.
aureus) fed dl-plant diet. Journd of the
World Aquaculture Society.

Papers Presented

Brown, P.B., R.G. Twibdll, and J. Weigd.
1997. Minimum dietary crude protein for
tilapiafed diets free of fish med. 28"
Annua Mesting of the World Aquaculture
Society, Seettle, February 19-23, 1997.

Mbahinzireki, G., and K. Dabrowski. 1997.
Production of mde tilapia by heat-trestment
of embryos and growth on different dietsin
recirculation systems. 28" Annua Mesting
of the World Aquaculture Society, Sesttle,
February 19-23, 1997.

Riche, M., and D.L. Garling, Jr. 1999.
Digedtibility and retention of nitrogen in
tilgpia (Oreochromis niloticus) fed phytase
trested soybean medl in arecirculaing
system. 30" Annua Mesting of the World
Aquaculture Society, Sydney, Audrdia.,
April 26-May 2, 1999.
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Reports

Green, B.W. 1996. Direct review submission
to Divison of Toxicology and
Environmenta Science, Center for
Veterinary Medicine, U.S. Food and Drug
Adminigration in support of the Tilgpia
170.-Methyltestosterone INAD (INAD
#9647 A0000, January 24, 1996).

Kohler, C.C., AM. Kdly, M.J. DeJesus, E.M.
Carnevale, S.R. Syska, and W.M.
Muhlach. 1998. The safety of 17¢-
Methyltestosterone for induction of sex
reversd in waleye. Find Report of the
Safety Study for INAD 9647 E0009 and
E0011. 602 pp.

Malison, JA., JA. Held, L.S. Procarione, and
M.A.R. Garcia-Abiado. 1998. The
production of monosex female populations
of walleye from intersex broodstock.
Progressive Fish Culturist 60:20-24.

Papers Presented

Kohler, C.C., AM. Kdly, EM. Carnivae, and
W.L. Muhlach. 1997. Target animd safety
studies for aquaculture. 28" Annua
Mesting of the World Aquaculture Society,
Sesttle, Washington, February 19-23,
1997.

Riche, M., and D.L. Garling, Jr. 1999.
Digedtibility and retention of nitrogen in
tilgpia (Oreochromis niloticus) fed phytase
trested soybean medl in arecirculating
system. 30" Annua Mesting of the World
Aquaculture Society, Sydney, Audirdia,
April 26-May 2, 1999.

Malison, JA. 1997. Reproduction and sex
reversal in ydlow perch and waleye.

Presented at the 1997 North Central
Aqguaculture Conference, Indianapalis,
Indiana, February 6-7, 1997.

WHITE PAPERS

Publicationsin Print

Kohler, C.C. 1999. A white paper on the
datus and needs of tilgpia aguaculture in the
North Central Region. NCRAC, Michigan
State University, East Lansng.

Malison, JA. 1999. A white paper on the
status and needs of yellow perch
aguaculture in the North Central Region.
NCRAC, Michigan State University, East
Landng.

Manuscripts

Gunderson, J.L., and P. Tucker. Submitted. A
white paper on the status and needs of
baitfish aguaculture in the North Centra
Region. NCRAC, Michigan State
Universty, East Langng.

Heidinger, R.C. Submitted. A white paper on
the status and needs of largemouth bass
culture in the North Central Region.
NCRAC, Michigan State University, East
Lanang.

Kinnunen, R.E. Submitted. A white paper on
the status and needs of sdmonid
aquaculture in the North Centra Region.
NCRAC, Michigan State University, East
Lanang.

Kohler, C.C. Submitted. A white paper on the
status and needs of hybrid striped bass
aquaculture in the North Centra Region.
NCRAC, Michigan State University, East
Lanang.
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Morris, J.E., and C.C. Mischke. Submitted. A in the North Central Region. NCRAC,
white paper on the status and needs of Michigan State University, East Lansng.
sunfish aquaculture in the North Centrd
Region. NCRAC, Michigan State Westers, H. Submitted. A white paper on the
Universty, East Lansing. datus and concerns of aquaculture effluents

in the North Central Region. NCRAC,

Summerfdt, R.C. Submitted. A white paper on Michigan State University, East Lanang.

the status and needs of walleye aguaculture
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A STRATEGIC PLAN FOR THE
NORTH CENTRAL REGIONAL AQUACULTURE CENTER (NCRAC)

June 1999

NCRAC is one of five Regional Aquaculture Centers administered by the U.S. Department of
Agriculture's Cooperative State Research, Education, and Extension Service. These centers work
together within the broader, integrated aquaculture program of USDA to promote a well developed and
sustainable aguaculture industry in the United States.

NCRAC is an administrative unit that serves 12 states in the heartland of America: Illinois, Indiana, lowa,
Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin.
The region’s geography spans approximately 920 miles south to north and over 1,200 miles east to west.
Within this region, aquaculture is characterized by great diversity with more than 1,000 producers, but only
afew per state who account for the mgjority of the production of food fish, baitfish, and fish for stocking
into recreational and ornamental water bodies.

These producers are highly diverse, ranging from the well established with a significant capital investment
who are interested in ways of reducing production costs while increasing output to those who could be
classified as newcomers, who need training, capital, and an awareness of the potentially high risk, high
investment, and low returns that most producers encounter.

NCRAC isjointly administered by Michigan State University (MSU) and lowa State University (I1SU).

The Office of the Director islocated at MSU while the Associate Director's Officeisat ISU. It relieson
leaders in the aguaculture industry for direction in its programs. An Industry Advisory Council (IAC) sets
priorities. A Technical Committee (TC) works with the IAC to formulate programs on priorities.

Regional programs are meshed with activities of other centers to avoid duplication. Teams of research
and extension aguaculture specialists from midwest universities, public agencies, and the private sector
develop and execute projects to solve priority problems. A Board of Directors oversees administration
and management of NCRAC's programs.

Since its inception the Center has concentrated on funding projects for emerging species that have good
potential as food fish for production in the North Central Region (NCR), such as yellow perch, walleye,
and hybrid striped bass. In addition, NCRAC has supported projects on sunfish, salmonids, crayfish,
baitfish, aguaculture wastes and effluents, aquaculture drugs, and more recently tilapia. All funded
projects are directed at high priority industry needs that include development of new technologies and
application of research findings that will benefit diverse constituencies. Therefore, research and
extension activities have been integrated into al funded projects to develop and implement educationa
outreach materials and programs.

MISSION STATEMENT

NCRAC's mission is to enhance aquaculture through education, research, and technology transfer to
support a sustainable profitable industry throughout the NCR. Essential to accomplishing this mission is
building a North Central aguaculture community representing a partnership between the industry,
universities, and public agencies. NCRAC's mission will be accomplished by:
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Developing transferable technology enabling producers to be profitable
Disseminating relevant educational materials to achieve profitable margins of operation

Providing demonstrations and regular aguaculture extension programs
Engaging in research partnerships between industry, universities, and public agencies
Fostering open dialogue and networking throughout the North Central aguaculture community

L 2 B B 2

Goal 1: NCRAC will research, develop, and extend profitable aquaculture
technology, marketing, and economics for a limited number of
species and systems. Producer involvement will be strongly
emphasized to ensure this information’s relevance and timely
transferability. A measure of success will be the increased number of
profitable operations.

Challenge:

A major challenge facing the North Central aguaculture community is the absence of a shared vision

based on an accurate assessment of the region’s long term needs. Diversifying NCRAC-funded activities
has precluded focusing on a limited number of species that would have the greatest prospect for profitable
aquaculture in the North Central states. Additionally, there is an industry perception that NCRAC
information is not sufficiently accessible and the research is not relevant to producers’ needs.

It is agreed that closer links are needed among researchers, extension, and producers. The minimal
number of aguaculture extension personnel in the NCR has significant impact on the producers both in
terms of access to information and direct contact.

NCRAC has had limited success in identifying the needed market information for a profitable aquaculture
industry.

Finally, promating systems which are untested, unsubstantiated, and lacking credibility has severely
impacted the expansion of a profitable aquaculture industry. This raises the obvious need for a source of
unbiased information.

Objective A. Develop a long-term needs assessment which establishes industry priorities for the
NCR. An overarching document identifying the status and needs of NCR
aquaculture will be developed.

Major steps:

1. Identify who will be responsible for developing the overarching document.

2. Create the opportunity for developing white papers for other potential species and/or systems
similar to those for tilapia and yellow perch at a cost of $2,500 per paper.

3. State-by-state profiles will be developed outlining each state’s needs and ranking of the top three
priorities.

4. ThelAC will narrow the state priorities to a maximum of 12 and will submit thislist for
consideration in development of the overarching document.

5. The overarching document with recommendations will be compiled and presented to the Board.
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Objective B. NCRAC activities will increase production of a limited number (three to five) species

in open-water and indoor systems that have market demand or potential through
technological advancements.

Major steps:.

1. The Board will define a process to select the species and systems.

2. After appropriate consultation with the industry, the Board will designate species/systems for
NCRAC concentration.

3. A Project Review Committee will be formed consisting of three IAC and three TC members.
After the Board has determined the species/systems focus for NCRAC efforts and there has
been a response to the call for proposals, the Project Review Committee will evaluate and make
funding recommendations to the Board. Funding-formula guidelines will be used to give
preference to those proposals containing collaborative endeavors and matching funds from
universities, industry, other state/federal sources, and private corporations/foundations.

4. Funding for the next five to ten years for NCRAC activities will be based on the species/systems
selected.

Objective C. Mor e effectively serve producer needs by creating a closer link between resear ch and
extension, enhancing the dissemination of existing information, and building a better
network within the North Central aquaculture community.

Major steps:

1. A concerted effort will be made to increase the number of regional aguaculture extension
specidists. If it is permissible within NCRAC's mandate, a sum of monies will be earmarked for
seed money, matching funds, or challenge grants. Funding-formula guidelines will be used to give
preference to those proposals containing collaborative endeavors and matching funds from
industry, other state/federal sources, and private corporations.

2. Over the next five to ten years al research and extension efforts must conform to criteria
requiring linkage and relevance to producers needs.

3. Based on asurvey of the industry, NCRAC information dissemination will be assessed in order to
identify what, if anything, needs to be improved and have greater accessibility. Thiswill include
publications, technology transfer workshops, and direct access to aquaculture specialists.

4. ThelAC and TC will be charged with making recommendations to improve the NCRAC
network. Options to be explored will include electronic communication, enhancing state
associations, and sub-regional coalitions.

Objective D. NCRAC will serve as an unbiased information sour ce on the feasibility (both

technological and economic) of NCR aquaculture systems and will only promote those
that are credible.

Major steps:
1. NCRAC will identify “experts’ who are unbiased and willing to serve as contacts/information
sources regarding “credible” aquaculture.
2. NCRAC needs to develop informational materials and utilize the agquaculture network to promote
itself as an available source for “credible” information to assess promoted systems.
3. NCRAC will make a concerted effort to have contact with or knowledge of regional aquaculture
consultants.
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Goal 22 NCRAC will build a strong aquaculture community through
partnershipsin the North Central states.

Challenge:

There has been alack of cohesiveness between the industry and the academic community as well as
within the academic community. Many within the industry and the university (research and extension)
community perceive that they do not have sufficient opportunity to be fully engaged in NCRAC activities
and decision making processes and are unclear about their potential roles and responsibilities for building a
successful NCR aguaculture industry. Many state associations are neither well organized nor
representative of the aguaculture industry. There are only tentative connections between producers, state
agencies, and university research and extension personnel.

Aquaculture in the NCR can best be described as a “fledgling” industry. Participants' capacities must be
enhanced to more fully maximize existing opportunities. There is a need for a more coherent/recognized
industry voice to take advantage of funding possibilities, better use research results, and maximize
networking.

Objective A. Identify and implement a process so that NCRAC roles, responsibilities, and
governance ar e under stood, enabling full membership participation.

Major steps:
1. Assess NCRAC's Operations Manua to determine if it sufficiently communicates members
roles, responsihilities, and governance.
2. Develop more effective supplementary materials if needed.
3. The Board will review the governance procedures of NCRAC with particular emphasis on
industry participation in decision making. Reference will be made to other RACs and similar
industry/university partnerships. A Board determination will be shared with the membership.

Objective B. Initiate the NCRAC leader ship training program to build capacity within the North
Central states' aquaculture community to mor e effectively voice the community’s
concerns, funding opportunities, and increase networking.

Major steps:

1. Ascertain leadership training opportunities within universities and those provided by the states and
federal governments.

2. |dentify aliaison for each state who will determine local leadership devel opment needs and
interests. The liaison will be provided with basic leadership literature, a methodology for making
that determination, and administrative assistance. A report will be prepared by the Center to the
Board.

3. A prototype model for building strong state aguaculture associations through leadership training
will be developed utilizing the lowa Aquaculture Association.

4. In collaboration with a TC and IAC representative, a proposed |eadership development plan and
budget will be developed.

5. With Board approval the leadership development program will be proposed to Washington.

6. The leadership development program will be implemented over atwo year period and externaly
assessed by Washington representatives to determine whether it should be refunded, altered, or
abandoned.
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Goal 3: Enhance aquaculture’s stature in the North Central states and

NCRAC's image within the industry and among its key stakeholders,
e.g., elected officials (federal, state, and local), public agencies,
politically influential agricultural organizations, professional
organizations, and other Regional Aquaculture Centers.

Challenge:

The general public in the North Central states is unaware of aquaculture. Thisis reflected in
aquaculture's lack of influence around policy issues impacting the industry and producers’ frequent
inability to obtain capital from financia institutions. In some states in the region, traditional agricultural
interests have lined up against aguaculture as have some states' natural resource agencies.

Aquaculture’ simage in the NCR is largely misunderstood, frequently misperceived, and virtually invisible.
The persistence of this poorly defined image will perpetuate missed opportunities for funding, coalition
building, and influencing policy makers as well as future generations.

Objective A. NCRAC, in alliance with the industry, will work to develop a political strategy to raise

the awar eness and importance of aquaculture. The primary outcome of this strategy
will be to identify elected officials who will champion aquaculturein the palitical
arena.

Major steps:

1

Use university liaison offices and legidative tours to make key lawmakers and staffers more
aware of aquaculture.

2. Caollectively identify federa legidators from the NCR who are willing to champion aquaculture.

3. Network producers and facilitate their contacts with potential political supporters.

4. Develop atargeted information campaign to North Central congressional representatives,
particularly those who are on agriculture and appropriation committees.

Objective B. Develop allies among local and state agriculture, natural resource, and
environmental groups to increase the awareness, importance, and acceptance of
aquaculture within the region.

Major steps:

1. Inventory each state to identify potential partners and possible contacts.

2. Seek opportunities whereby NCRAC and the aquaculture industry can jointly support multiple
agency programs, conferences, and workshops.

3. Useuniversity extension contacts and others to develop entrées to key agriculture organizations,
e.g., Farm Bureau and commodity groups, as well as state departments of agriculture.

4. Identify and disseminate models from different states which have successfully forged

partnerships in the region.

Objective C. Develop promotional materials that will enhance aquaculture’ simage in the midwest

and NCRAC's contribution to the industry.

Major steps:

1

Develop two glossy publications for distribution to the genera public and key stakeholders: (1)
“Why aguaculture in the midwest?’ and (2) “NCRAC’ s role in aguaculture development.”
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2. Include NCRAC articles in the promotional materials of agency and organizational partners.
3. Use university communication offices to broadly disseminate articles and news releases favorable
to aguaculture.

Objective D. In collaboration with 4-H, Sea Grant, and local science centers, actively promote
aquaculture.

Major steps:
1. Complete a 4-H module that will be made available throughout the NCR.
2. Promote and facilitate dissemination of CD-ROMs (e.g., “ Getting Started in Aquaculture”) to
schools, libraries, and local science centers.

Goal 4. NCRAC will increase the funding available to support NCR
aquaculture through collaboration, partnering, and more active
state-level involvement.

Challenge:

The federal funds available to enhance "viable and profitable commercia aquaculture production” in the
12 North Central states are limited. Many within the industry and associated universities maintain that if
the total budget was concentrated in one state alone, it would still be insufficient to truly address the need.
If NCRAC isto achieve the expected regiona results, it is necessary to increase funding. By using
existing funding as "core" funding for the Center, it is imperative that the aquaculture community
collaborate with NCRAC to more vigorously explore a variety of funding sources and mechanisms to
increase support.

Objective A. NCRAC participants will significantly increase the private sector contribution to
priority projectsthrough a Center-supported, coordinated effort of local state
leader ship.

Major steps:

1. On adtate-by-state basis the state coordinators, with assistance from the Center, will compile a
regional database of existing and potential aquaculture stakeholders. This effort will be initiated
by the respective university development officers.

2. NCRAC will ask other Regiona Aquaculture Centers how they have broadened support within
the private sector.

3. NCRAC will develop and distribute a "promotiona" package to assist local effortsin projecting
positive and professiona images of the industry and NCRAC.

4. At the state level, the local coordinator and industry representatives will contact and explore
private sector funding possibilities. Examples will vary by state, but possibilities include grain
marketing boards, ethanol plants, and power companies.

5. NCRAC will compile the locally developed information and serve as a clearinghouse to keep
states informed about each others' activities.
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Objective B. NCRAC will increase public funding to its projects.

Major steps:
1. A state-by-state inquiry will be made into unallocated federal and state funds which could be used
to support NCRAC activities.
2. Once potentia funds have been identified, NCRAC will seek potential researchers and producers
who:
a) are interested in collaborating,
b) are qualified to cooperate on ajoint project, and
¢) meet funding requirements.
3. To the degree possible, NCRAC will assist in developing funding proposals or grant applications
as long as these efforts are consistent with NCRAC's mission, procedures, and direction.
4. Progress on such efforts will be regularly disseminated to each state coordinator for distribution to
local members.

Objective C. NCRAC will establish at least one multistate coalition to garner additional funds for a
regional project.

Major steps:
1. Solicit interest among the 12 states to ascertain the level of interest in a collaborative project.
This will largely be the responsibility of the state coordinator and local producers.
2. NCRAC will support convening interested parties in developing strategies and will establish
contacts to further their communication.
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SOME COMMONLY USED ABBREVIATIONS AND ACRONYMS

NADA New Animal Drug Applications
NCR North Central Region
NCRAC North Central Regional Aquaculture
Center
osuU Ohio State University
oz ounce(s)
P phosphorus
P probability
ppm parts per million
PSU Pittsburg State University
Purdue Purdue University
RAC(s) Regiona Aquaculture Center(s)
RAS recirculating aquaculture systems
S D) standard deviation
Sec second(s)
SiuC Southern Illinois University-
Carbondde
TC Technical Committee (TC/E =
Technical Committee/
Extension; TC/R = Technica
Committee/Research)
TL total length
UM University of Minnesota
University of Missouri
usD University of South Dakota
USDA U.S. Department of Agriculture
USFWS U.S. Fish and Wildlife Service
UW-Madison University of Wisconsin-Madison
UW-Milwaukee | University of Wisconsin-
Milwaukee
YOY young-of-the-year
yr year(s)

AquaNIC Aquaculture Network Information
Center

BG x GS male bluegill x female green sunfish

BOD Board of Directors

°C degrees Celsius

CCP common carp pituitary

CES Cooperative Extension Service

cm centimeter

°F degrees Fahrenheit

FDA Food and Drug Administration

ft, ft3 foot, cubic foot

g gram(s)

od gallon(s)

h hour(s)

ha hectare(s)

HACCP Hazard Analysis Critical Control
Points

IAC Industry Advisory Council

in inch(es)

INAD Investigational New Animal Drug

1SU Illinois State University

lowa State University

kg kilogram(s)

L liter(s)

m, m? meter, cubic meter

mg milligram(s)

min minute(es)

mL milliliter(s)

mm millimeter(s)

MSU Michigan State University

N nitrogen

N number




