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NORTH CENTRAL REGIONAL AQUACULTURE CENTER

INTRODUCTION

The U.S. aguaculture industry isan
important sector of U.S. agriculture.
Production in 1998 reached about 790
million pounds and generated gpproximately
$939 million for producers. Y&, anticipated
growth in the industry, both in magnitude
and in species diversty, continuesto fall
short of expectations.

Much of what is known about aquaculture
scienceisaresult of inditutiona attention
given to our traditiona capture of wild
fisheries with the god of releasing cultured
fishesinto public waters for enhancement of
declining public stocks. Despite extendve
efforts to manage wild populations for a
sugtained yield, as a nation we consume
subgtantialy greater amounts than we
produce. Much of the United States
demand for seafood has been met by
imports. Thevaue of imported fisheries
products more than doubled during the
1980s and has continued to increase in the
1990s. Infact, the $17.0 billion vaue for

1999 was arecord. 1n 1999, the trade deficit

was $7.0 billion for dl fisheries products,
$6.2 billion of which was for edible fish and
shelfish.

Landings for most commercia capture
fisheries species and recreationd fisheries of
the United States have been rdatively stable
during the last decade, with many fish
gtocks being over exploited. Inthis
gtuation, aguaculture provides an
opportunity to reduce the trade deficit and
meet the risng 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 Federa
Government, State and loca public
indtitutions, and the private sector with
expertise in aguaculture devel opment.

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

Congress amended the National Agricultura
Research, Extension, and Teaching Policy
Act of 1977 (P.L. 95-113) in Title X1V of
the Agriculture and Food Act of 1981 (P.L.
97-98) by granting authority to establish
aquaculture research, development, and
demondtration centers in the United States in
association with colleges and universties,
State Departments of Agriculture, Federa
facilities, and non-profit private research
indtitutions. Five such centers have been
established: one in each of the northeastern,
north central, southern, western, and
tropical/subtropica Pacific regions of the
country. The 1996 Federd Agriculture
Improvement and Reform Act (FAIR) (P.L.
104-127) otherwise known as the Farm Bill,
has reauthorized the Regiona Aquaculture
Center program a $7.5 million per annum.
Asused here, a center refersto an
adminigrative center. Centers do not
provide monies for brick-and-mortar
development. Centers encourage
cooperative and collaborative aquaculture
research and extension educationa
programs that have regiond or nationa
goplication. Center programs complement
and drengthen other existing research and
extenson educationa programs provided by
the U.S. Department of Agriculture (USDA)
and other public indtitutions. Asamatter of
policy, centers implement their programs by
usng inditutiond mechaniams 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. aquaculture production
which will benefit consumers, producers,
service industries, and the American
€conomy.

The North Centra Regiona Aquaculture
Center (NCRAC) was established in
February 1988. It servesasafoca point to
asess needs, establish priorities, and
implement research and extenson
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NORTH CENTRAL REGIONAL AQUACULTURE CENTER

educationd programsin the twelve sate
agriculturd heartland of the United States
which includes Illinais, Indiana, lowa,
Kansas, Michigan, Missouri, Minnesota,
Nebraska, North Dakota, Ohio, South
Dakota, and Wisconsin. NCRAC dso
provides coordination of interregiona and
nationa programs through the Nationa
Coordinating Council for Aquaculture
(NCC). The council is composed of the
RAC directors and USDA aguaculture
personnel.

ORGANIZATIONAL
STRUCTURE

Michigan State University (MSU) and lowa
State University (1ISU) work together to
develop and administer programs of
NCRAC through a memorandum of
understanding. MSU is the prime contractor
for the Center and has administrative
responsibilities for its operation. The

Director of NCRAC islocated at MSU. 1SU

shares in leadership of the Center through an
office of the Associate Director who is
responsible for al aspects of the Center's
publications, technology transfer, and
outresch activities.

At the present time the staff of NCRAC a
MSU includes Ted R. Batterson, Director,
and Liz Bartels, Executive Secretary. The
Center Director has the following
respons jbilities:
Developing and submitting proposasto
USDA Cooperétive State Research,
Education and Extenson Service
(USDA/CSREES) which, upon

approval, becomes a grant to the Center;

» Deveoping appropriate agreements
(sub-contracts) with other parties,
including 1SU for the Asociate
Director’s office, for purposes of
trangferring funds for implementation of
al projects approved under the grants;

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

>

>

>

Serving as an ex-officio (non-vating)
member of the Technical Committee and
Industry Advisory Council;
Coordinating the development of
research and extenson plans, budgets,
and proposals,

Coordinating and facilitating
interactions among the Adminidrative
Center, Board of Directors, Industry
Advisory Council, and Technicdl
Committee;

Monitoring research and extenson
activities

Arranging for review of proposas for
technical and scientific merit, feeghility,
and gpplicability to priority problems
and preparing summary budgets and
reports as required;

Recruiting other Administrative Center
daff as authorized by the Board of
Directors,

Maintaining liaison with other RACs,
and

Serving on the NCC.

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

Coordinating, facilitating, and executing
regiona aguaculture extension program
activities,

Serving as head of Publications for
NCRAC, including editor of the fact
shet, technica bulletin, culture manud,
and video seriesaswell as of the
NCRAC Newdletter;

Serving as the NCRAC liaison with
nationa aguaculture extenson
programs, including in particular,
extenson programs of the other four
USDA Regiona Aquaculture Centers,
and

Serving as amember of NCRAC's
Extenson Executive Committee.

The Board of Directors (BOD) isthe

primary policy-making body of the
NCRAC. The BOD has established an
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Industry Advisory Council (IAC) and
Technica Committee (TC). Membership of
the BOD conssts of four persons from the
IAC, arepresentative from the region's State
Agriculturd Experiment Stations and
Cooperative Extenson Services, amember
from a non-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
aquaculture association and six at-large
members gppointed by the BOD who
represent various sectors of the aquaculture
industry and theregion asawhole. 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 Centra Region appoint
representativesto the TC/E. The TC/R has
broad regiona make-up and is composed of
scientists from universities and state
agencies with varied aguacultural expertise
who are appointed by the BOD. Each sub-
committee of the TC has a chairperson who
serves as amember of the BOD.

NCRAC functions in accordance with its
Operations Manual which is periodicaly
amended and updated with BOD approval.
It is an evolving document that has changed
asthe Center's history lengthens. Itisused
for the development of the cooperative
regiona aguaculture and extension projects
that NCRAC funds.

ADMINISTRATIVE

OPERATIONS

Sinceinception of NCRAC February 1,
1988, therole of the Adminigtrative Center
has been to provide al necessary support
sarvicesto the BOD, IAC, TC, and project
work groups for the North Central Region as
well as representing the region on the NCC.
As the 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 aguaculture community.

The Center functionsin the following

manner.

» After BOD approvad of Adminidrative
Center cogts, the Center submits a grant
to USDA/CSREES/Grants Management
Branch for gpprova. To date the Center
has received 13 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), FY 99
(#99-38500-7376), and FY 00 (#00-
38500-8984) with moniestotaing
$9,451,781. Currently, five grants are
active (FY 96-00); the firg eight grants
(FY 88-95) have terminated.

» The Center annudly coordinates a
program planning mesting which
typicaly sets priorities for the next
funding cycle and cdlsfor 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 outside the region
and a Project Review Committee.

» TheBOD, usng the Project Review
Committee' s recommendation and
reviewers responses, decides which
projects are to be agpproved and funding
levels. The Center conveys BOD
decisonsto al Project Work Groups.
Those that are gpproved for funding are
asked to submit revised project outlines
incorporating BOD, Project Review
Committee, and reviewers comments.

» The Center then submits the revised
project outlines as a Plan of Work
(POW) to USDA for approval.
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» OnceaPOW isapproved by USDA, the
Center then prepares subcontracts for
eech participating inditution. The
Center receives dl invoicesfor
subcontractua agreements and prepares
payment vouchers for reimbursement.
Thus, the Center staff serve asfiscd
agents for both recaiving and disburang
funds in accordance with dl terms and
provisons of the grants.

Through August 31, 2000, the Center has
funded or is funding 56 projects through 291
subcontracts from the first 12 grants
received. Funding for these Center
supported projectsis summarized in Table 1
below (pages 6-7) and whichisaso
available at the Center’s Web ste
(http://ag.ansc.purdue.edw/aquanic/ncrac).

During this reporting period, the
Publications Office at 1SU produced and
digtributed a number of publications
including fact sheets, technicd bulleting,
videos, and the Center’ s newdetter. A
complete ligt of adl publications from this
officeisincluded in the Appendix under
Extenson.

Other areas of support by the Adminigtrative
Office during this reporting period included:
monitoring research and extension activities
and deve oping progress reports,; developing
liaisons with gppropriate ingtitutions,
agencies and clientde 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
Development, and Related Agencies,
participating in the NCC; numerous ora and
written presentations to both professiond
and lay audiences; working with other
fisheries and aguaculture programs
throughout the North Centrd Region; and in
conjunction with the Aquaculture Network
Information Center (AqualNIC) maintaining
the NCRAC Web site.

PROJECT REPORTING

Asindicated in Table 1, NCRAC has funded
anumber of projects for many of the project
aress it has sdlected for research and
extension activities. For example, there
have been seven separately funded projects
inregard to Extenson and Wadlleye. Project
outlines have been written for each separate
project within an area, or the project area
itsdlf if only one project. These project
outlines have been submitted in POWs or
amendments to POWs for the grants as
indicated in Table 1. Many times, the
projects within a particular area are
continuations of previoudy funded activities
while a other timesthey are addressing new
objectives. Presented below are Progress or
Termination Reports mostly for projects that
were underway or completed during the
period September 1, 1999 to August 31,
2000. 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
Annual Progress Reports).

A cumuldive lig of dl publications,
manuscripts, papers presented, or other
outputs for al funded NCRAC project areas
is contained in the Appendix.
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Tablel. North Centra Regiond Aquaculture Center funded projects.

: Project Proposed Fundin

Project Area Nur=1ber Duratic?n Period Level ’ 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 $10,813 92-38500-6916
$20,391 95-38500-1410
6 9/1/97-8/31/99 $40,000 97-38500-3957
9/1/99-8/31/01 $95,000 99-38500-7376

$478,052
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
4 9/1/99-8/31/01 $48,000 97-38500-3957

$302,988
Yellow Perch 1 5/1/89-8/31/91 $76,957 838-38500-3885
$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 $199,507 95-38500-1410
6 9/1/97-8/31/99 $185,600 97-38500-3957
7 9/1/98-8/31/00 $140,436 98-38500-5863

$1,030,328
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 $177517 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
$59,835 95-38500-1410
7 9/1/99-6/30/02 $127,000 98-38500-5863

$927,627
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
5 9/1/99-8/31/01 $200,000 99-38500-7376

$854,119
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. Project Proposed Funding

Project Area Number Duration Period Level Grant Number
Salmonids 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 $61973 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 $950 95-38500-1410
3 10/1/99-9/30/00 $16,615 97-38500-3957

$44,565
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: $435,502 (May 1, 1989 to August 31, 2000)

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

Anne R. Kapuscinski
Terrence B. Kayes
David L. Klinkebid
Rondd E. Kinnunen
Christopher C. Kohler
David J. Landkamer
CharlesD. Lee
Frank R. Lichtkoppler
Terry A. Messmer
Jeft Mittlemark
Joseph E. Morris
Kenneth E. Nells
Robert A. Piercell
Shawn H. Sanders
Danid A. Sdock
John P. Susher

Fred L. Snyder

Brian R. Stange
LaDon Swann
LauraG.Tiu

EXTENSION?

Progress Report for the Period
May 1, 1989 to August 31, 2000

Univerdty of Wiscondan-Milwaukee
Ohio State University

Universty of lllinois

Michigan State Univergty
Univergty of Minnesota-Duluth
Kansas State University

Ohio State University

North Dakota State Universty
Universty of Minnesota

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

Southern Illinois University-Carbondae
Universty of Minnesota

Kansas State University

Ohio State University

North Dakota State University
Univerdty of Minnesota

lowa State University

Kansas State University

University of Missouri

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

Ohio State University

North Dakota State University
Purdue University

Ohio State Universty

Wisconsin
Ohio

lllinois
Michigan
Minnesota
Kansas

Ohio

North Dakota
Minnesota
Nebraska
North Dakota
Michigan
lllinois
Minnesota
Kansas

Ohio

North Dakota
Minnesota
lowa

Kansas
Missouri
North Dakota
lllinois
Missouri

Ohio

North Dakota
Indiand/lllinois
Ohio

PROJECT OBJECTIVES
(1) Strengthen linkages between North

(NCRAC) Research and Extension

Centra Regiond Aquaculture Center

Work Groups.

'NCRAC hasfunded seven Extension projects. Thefirst three were chaired by Donald L. Garling, the fourth

project was chaired by Fred P. Binkowski, and the fifth, sixth, and seventh projects 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 seventh project is a 2-year project that began September 1, 1999.
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(2) Enhance the NCRAC extenson network
for aguaculture information trandfer.

(3) Provide in-servicetraining for
Cooperative Extenson Service, Sea
Grant Advisory Service, and other
landowner assstance personndl.

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

5) Develop aguaculture materids for the
NCR including extension fact sheets,
bulletins, manuds/guides, and
ingructiond video tapes.

ANTICIPATED BENEFITS

Members of the NCRAC Extenson Work

Group have promoted and advanced

commercid aguaculture in aresponsble

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 methodol ogies for
selected species, eg., waleye, hybrid
striped bass, yellow perch, smonids,
and sunfish, through hands-on
workshops and field demonstration
projects,

» Improved lines of communication
between interstate aguaculture extenson
gpecidists and associated industry
contacts,

» Accessto information by the aguaculture
industry through 24-hour accessto
worldwide aguaculture information (i.e.
photographs, dide sets, and
publications); and

» Anenhanced legdl and socioeconomic
atmosphere for aguaculture in the NCR.

PROGRESS AND PRINCIPAL

ACCOMPLISHMENTS

OBJECTIVE 1

Aquaculture Extension Work Group

members have:

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

» Assded in deveoping, writing, and
editing saverd culture manuds, eg.,
Waleye Culture Manuad and Sunfish
Culture Guide.

»  Assged with the planning, promotion,
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
commercid production of food fish.

» Participated as Steering Committee
members for aregiona public forum
regarding revison of the Nationa
Aquaculture Development Plan and two
National Aquaculture Extension
Workshops/Conferences.

» Participated as Steering Committee
members for the past four North Centrd
Regiond Aquaculture Conferences.

» Searved aswriters and reviewers of
severa white papers for the Center.

»  Served as Steering Committee members
of gtate-specific aguaculture conferences
as well as state aguaculture coordinating
councils.

OBJECTIVE 2

The demand for aquaculture extension
education programs cannot be met by the
few specidigsin the NCR (currently less
than 4.0 full time equivalents). Networking
of speciaists and Cooperative Extenson
Service (CES)-designated contacts has
maximized efficency of education programs
and minimized duplication. Individud Sate
extension contacts often respond to 10-15
cdls per month from outside their respective
date as well asinteracting with colleagues

Annual Progress Report 1999-00
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EXTENSION

with mutua concerns related to developing
aquaculture ectivities. Many of these
requests have been met by providing fact
sheets, technical bulletins, bibliographies,
maintenance of list servers, and detailed
responses to both generdized and
specidized questions.

Prior to mid-1994 little coordination of
internationa aquaculture information
sharing existed. Nationa and internationa
agency-produced information could only be
obtained by contacting the respective
sources of thisinformation. Also, individua
Sea Grant and CES personndl relied heavily
on information produced by individud
gtates or through regiona cooperative
projects. As Internet access extended
beyond educationd indtitutions and
governmenta agencies, aclear need
developed to utilize the Internet to reach a
much broader audience. In the age of an
“information overload” the need for a
centrized gateway to the ever-increasing
number of aguaculture resourcesin
electronic format was apparent.

The Aquaculture Network Information
Center (AquaNIC, http://aquanic.org/) was
established a Purdue Univergty in 1994
through funds from USDA'’s Cooperdtive
State Research, Education, and Extension
Sarvice and the lllinois-Indiana Sea Grant
Program. AquaNIC hardwareis housed in
the Department of Animal Sciences at
Purdue Univergity and is coordinated by the
Mississippi-Alabama Sea Grant Consortium,
the Alabama Cooperative Extension System,
and the lllinois-Indiana Sea Grant College
Program.

AquaNIC was thefirst U.S. aguaculture
Web ste and is globaly one of the most
widely accessed and cited aquaculture Web
gtes. More than 1,000 individud,
educationd, commercid, and governmentd,
Web siteslink to AquaNIC as a source of
online aguaculture information. AquaNIC
houses greater than 8,000 files with more
than three million files downloaded in 1999-

2000 from more than 90 countries. An
online aquaculture course has aso been
developed
(http://ag.ansc.purdue.edu/courses/agd48/in
dex.htm).

When AquaNIC was established in 1994
more than 75% of vigtors accessed the Site
through an educationd (.edu) domain with
less than 10% using a commercia (.com)
domain. Thetop five domain types
currently used are commercid (.com, 56%),
network (.net, 30%), education (.edu, 10%),
government (.gov, 1.6%), and organizations
(.org, 1.2%).

Aquaculture handbooks have been
developed and distributed to each NCRAC-
designated aguaculture extenson contact
and sdected CES and Sea Grant field staff
members.

Aswith any organization, there have been
changesin NCRAC extension personne
snce the inception of the project. For
ingance, Landkamer was the primary
aquaculture extension contact for

Minnesota. In the intervening years, he has
been replaced by Kapuscinski and then by
Gunderson. Two other individuals were
replaced in 1994. In Kansas, Neils replaced
Henderson and in Illinois, Kohler replaced
Selock. Leereplaced Neilsin Kansasin
1996. Hochheimer, who replaced Ebding in
Ohio, left Ohio State University; Tiu was
appointed as the aguaculture extension
gpecidist for Ohioin 1998. Sanders,
appointed as the extension contact for North
Dakotain 1998 has resgned; Paul Jarvis
was gppointed in 1999. Jerry Millsis now
the gppointed NCRAC Extension contact for
South Dakota. Asof 1999, Kayesisno
longer with Nebraska Extension; to date no
replacement has been designated. 1n 2000,
Swann resigned from Indiana/lllinois Sea
Grant; that pogtion is currently open.

OBJECTIVE 3
In-service training for CES and Sea Grant
personnd and other landowner assistance

Annual Progress Report 1999-00
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personnd have been held in mogt of the
daesintheregion. Training has been in the
areas of basic aquaculture and safe seafood
handling induding Hazard Andysis Critica
Control Point (HACCP). Many of these
individuas have, in turn, trained industry
representatives in HACCP.

OBJECTIVE 4

A number of workshops, conferences,
videos, fidd-gte visits, hands-on training
sessions, and other educationa programs
have been developed and implemented.
There have been workshops on general
aquaculture, fish diseases, commercid
recirculation systems, leach and baitfish
culture, aquaculture business planning,
crayfish culture, pond management, yellow
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.

Four North Central Regiona Aquaculture
Conferences have been held. Thefirst was
held in March 1991 in Kdamazoo,
Michigan; the second was held in February
1995 in Minnegpalis, Minnesota; the third
conference was held in Indianapalis,
Indiana; and the fourth conference was held
February 1999 in Colombia, Missouri.
These regiond meetings were atended by
hundreds of individuas induding persons
from Canada.

On April 10, 1993, over 700 viewers from
35 dtates and Canada watched the first
nationa interactive teleconference on
aquaculture, “Investing in Freshwater
Aquaculture’ that was broadcast from
Purdue University. It wasatelevised
satellite broadcast for potentia fish farmers.
The program conssted of 10 five- to seven-
minute video tape segments which
addressed production aspects of channel
catfish, crayfish, rainbow trout, hybrid
striped bass, tilapia, ydlow perch, baitfish,
and sportfish.

A Yélow Perch Producers Forum was
conducted in Hudson, Wisconsin on January
21-22, 2000. NCRAC extension contacts
helped design the forum. The gods of the
forum were to: (1) increase profitability and
sugtainability of existing perch producers,

(2) increase cooperation between and among
producers, researchers, and extenson
personnel, and (3) identify yellow perch
research and extenson needs. A summary
of research and extension needs identified
by the producers was compiled.

Kinnunen has been ingrumentd in
developing and compiling support for an
“Environmenta Strategies for Aquaculture
Symposum” which will take place during
the 62" Midwest Fish and Wildlife
Conference in Minneapalis, Minnesota,
December 3-6, 2000. It is anticipated that
open diaogue among agquaculture industry,
resource management agency, and
environmental interest group representatives
through a structured group process format
will result in common agreement in aress of
concern that should be addressed
scientificaly. Severd NCRAC date
aguaculture extension contacts, i.e.,
Gunderson, Kinnunen, Morris, and Tiu,
participated in the planning of this
Symposum.

In 2000, aworkshop entitled “ Organic
Aquaculture Standards Workshop” was
devel oped and supported by Minnesota
extenson contacts. With support from the
USDA's Agricultura Marketing Service,
Packard Foundation, and the University of
Minnesota's Extension Service, 43 nationd
and international participants came together
to address issues of concern regarding the
Nationa Organic Standards Board's (NOSB)
recently-drafted organic aquaculture
gandards. An Internet discussion room was
created to help facilitate the discussion.

NCRAC extension contacts have served as
editors for regiona aguaculture newdetters
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aswdl asin-dae aguaculture associations,
served on State aguaculture advisory
councils and state aguaculture task forces,
and asssted in the planning and
implementation of Sate aquaculture
association meetings.

AquaNIC has devel oped an aguaculture
association page containing primary
information for each aguaculture association
within the NCR

(nttp://ag.ansc. purdue.edu/aquani c/midasso/).
To date only lllinois, Indiana, and Michigan
have submitted information for their Web
page. Wisconsn hastheir own Web page
maintained by commercia Web providers.

In support of extenson activities being
funded through research projects, i.e., hybrid
striped bass and sunfish research projects,
extenson speciadists have completed fact
sheets, book chapters, and videos. These
extensgon materids arisng from the
combined efforts of both extension
gpecidists and researchers will help to
address many questions concerning
aquaculture in the NCR.

In addition to the previoudy mentioned
areas, NCRAC extension contacts have been
ingrumentd in fostering the continued
growth of the aguaculture indudtry in the
region. For example, Pierce created the
Cooperative Extenson Aquaculture and
Marketing Educationd Program to facilitate
the development and implementation of
aguaculture educetiona programsin
Missouri. Tiu has dso worked to revitdize
the Ohio Aquaculture Association (OAA).
She has continued to coordinate monthly
OAA board meetings and edits the OAA
newdetter.

Many of the NCRAC extension contacts
have worked with industry and

governmental representatives to produce
dtate aquaculture plans and improved
governmenta regulations. Binkowski has
worked with the Wisconsin Department of
Agriculture, Trade and Consumer Protection

in the production of: A Wisconan
Aquaculture Industry Profile Processor
Survey 1998 and 1998 Wisconsin
Aquaculture Directory.

All fish processors, including those who
handle aguaculture products, are now
required by law to process their fish
following HACCP guiddines. Kinnunen
has conducted numerous HACCP training
workshops throughout the NCR. 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
fadlity.

NCRAC extension contacts have been
responsive to arisng issues for the NCR
aquaculture industry. For ingtance, the
aquaculture industry is accused of being an
important vector for the spread of exotic
gpecies like zebra mussdls, Eurasian
watermilfail, round goby, and others
because water and organisms are moved
from one water body to another. Minnesota
and Michigan extenson contacts worked
with other aguaculture and exotic species
specidigs from around the region to address
this issue important to many fish famersin
the NCR, especidly people raising fish for
gocking or baitfish. To better identify the
risks of spreading exotic species and to
reduce those risks, a HACCP approach was
used. Extenson specididsin
IllinoigIndiana, Michigan, Minnesota, and
Ohio are participating in this project. The
project is designed to identify critica

control points and to develop guidelines for
controlling the spread of exotic species
while not overburdening the industry with

unnecessary regulations,

In-service training of secondary teachers has
taken placed in a number of ates. For
instance, teachersin lowaand Wisconan
have received ingtruction in aguaculture
which they can use in their vocationa
agriculture courses.
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The development of the Nationa Catfish
Information Database has proceeded with
Swann sarving on the planning committee as
well as serving as alead editor. A guide for
developing aguaculture business plans has
been delayed due to Swann’ s departure from
Purdue Universty.

OBJECTIVE 5

Numerous fact sheets, technica bulletins,

and videos have been written or produced by
various participants of the Extenson Work
Group. These areligted in the Appendix.

A 1-year no-cost extension was granted in
1999 to complete a4-H guide for
aquaculture; it now awaits fina approva by
4-H contacts at Purdue University and the
Universty of lllinois

Two new videos have been developed. The
first video covers the basics of sanitation in
afish processing plant and the development
of a Sanitation Standard Operating
Procedure. The second video is an overview
of the NCR aguaculture industry. Both
videos were developed by Universty of
Wisconsin Cooperative Extension contacts
with partid funding by NCRAC.

WORK PLANNED

Efforts will continue in regard to
strengthening linkages between research and
extension work groups as well as enhancing
the network for aguaculture information
trandfer. Participants will also continue to
provide in-service training for CES, Sea
Grant, and other land owner assistance
personnel.

Educationa programs and materids will be
developed and implemented. Thisincludes
find publication of the Sunfish Culture
Guide and development of a culture guide
and videos on ydlow perch aswell asa
culture guide on hybrid striped bass.

Future HACCP workshops will be planned
as needed inthe NCR. Any additiona
workshops devel oped and hosted by State

extension contacts will be advertised in
surrounding states to take advantage of the
NCRAC extenson network and the
individua expertise of Extenson Work
Group participants.

The guide for developing aguaculture
business plans will be completed by
Southern Illinois University-Carbondde
contactsin 2001.

IMPACTS

» In-sarvicetraining for CES and Sea
Grant personndl has enabled those
professondsto respond to initid,
routine aguaculture questions from the
generd public.

» Development of aguaculture education
programs for the NCR has provided
“hands-on” opportunities for prospective
and experienced producers.
Approximately 5,000 individuas have
attended workshops or conferences
organized and ddlivered by the NCRAC
Extenson Work Group.

» Fact shedts, technica bulleting, and
videos have served to inform avariety of
clients about numerous aguaculture
practices for the NCR. For instance,
“Making Plans for Commercid
Aquaculturein the North Centra
Region” is often used to provide clients
with initid information about
aquaculture, 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 aguaculturists. Ina
1994 survey, NCRAC extension contacts
estimated that NCRAC publications
were used to address gpproximately
15,000 client quegtions annudly.

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

AquaNIC has become an entry point for
many people searching for aguaculture
information on the Web. AquaNIC's
home page now averages more than
3,000 vidts per month by people from
more than 50 countries.

The 4-H Guide for Aquaculture will
offer atremendous opportunity to teach
math, biology, and chemigiry using
experientid learning. Incorporating
aquaculture into 4-H Y outh programsis
not limited to rura farming

communities; the curriculum could aso
be used in urban and inner city schools.

of HACCP with regard to its importance
in insuring the production of asafe
fishery product. HACCP Pans have
been implemented by workshop
attendees who are now keeping records
of their daily processing and Sanitation
Standard Operating Procedures. About
200 fish processors and/or agquaculturists
attended HACCP Training Workshops.
In Ohio, an organized OAA has given
producers the forum necessary to
encourage appropriate legidation
necessary for the success of the
aquaculture indugtry in that state.

PUBLICATIONS, MANUSCRIPTS,

»  Fish processors who have attended
NCRAC-sponsored HACCP Training
Workshops have learned the principles

WORKSHOPS, AND CONFERENCES
See the Appendix for acumulative output
for dl NCRAC-funded Extension activities.

SUPPORT
NCRAC. OTHER SUPPORT
YEARS USDA UNIVER- OTHER SL-JI—S;—C')AII?_T
FUNDING il INDUSTRY | 2THER | OTHER TOTAL
198991 | $107610 | $237,107 $237,107 $344,717
1991-93 $94100 | $152,952 $152,952 $247,061
199395 | $110,129 | $198,009 $250,000 $55000 | $503,099 $613,228
1995-97 $31,204 | $149,325 $5,000 $84,000 $238,325 $269,529
1997-99 $40000 | $110,559 $110,559 $150,550
1999-01 $52,450 $52,303 $52,303 $104,753
TOTAL | $435502 | $900,345 $5000 | $334,000 $55000 | $1,204345 | $1,729,847
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ECONOMICSAND MARKETING?

Progress Report for the Period
September 1, 1999 to August 31, 2000

NCRAC FUNDING LEVEL: $27,822 (September 1, 1999 to August 31, 2000)

PARTICIPANTS:

Rondd E. Kinnunen Michigan State Universty Michigan
Edward M. Mahoney Michigan State University Michigan
William C. Nelson North Dakota State University North Dakota
Patrick D. O’ Rourke [llinois State Universty lllinois

Industry Advisory Council Liaisons:

Curtis Harrison Harrison Fish Farm, Hurdsville Missouri
David A. Smith Freshwater Farms of Ohio, Inc., Urbana Ohio
Extension Liaison:

Rondd E. Kinnunen Michigan State University Michigan

PROJECT OBJECTIVE

Evauate the potentid “supply” and
“market” for hybrid waleye (femde
wadleye x mae sauger) and sunfish (femde
green sunfish x mae bluegill) fillets rdlive
to comparable fish.

Sub-objectives:

(1) Toandyzeinformation on the
consumption and “supply” of
comparable fishin the U.S. and the
North Centrd Region.

(2) To provide atechnica comparison of the
qudities and attributes of hybrid walleye
(femde wadleye x male sauger) and
sunfish (femae green sunfish x mae
bluegill) fillets with those of subdtitute
fish.

(3) Assess consumer (supermarket/
consumers and restaurant/consumers)

perceptions and likelihood of purchasing
hybrid sunfish and wdleye fillets
relative to subdtitute fish.

(4) Evauate the likelihood (and conditions,
eg., upply available, fillet Szes, price)
that wholesaler, indtitutiona buyers, and
mgor fish retalers will add hybrid
walleye and sunfish to their product
lines

(5) Assessthe potentid interest and
perceived barriers to the commercial
production of hybrid sunfish and
walleye.

(6) Edimate the *“supply” and “demand” for
hybrid waleye and sunfish fillets

ANTICIPATED BENEFITS
The work being undertaken will provide
current producers with the necessary

2NCRAC has funded four Extension and Marketing projects. Termination reports for the first two projects are
contained in the 1989-1996 Compendium Report; a termination report for the third project is contained in the 1996-
97 Annual Progress Report. Thefirst project was chaired by Donald W. Floyd; the second was chaired by Leroy J.
Hushak; and the third was chaired by Patric D. O’ Rourke. This progressreport isfor the fourth project which began
September 1, 1999 and is chaired by Edward M. Mahoney.
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information on markets for hybrid walleye
and sunfish. Specificdly, information will

be provided on desired and undesirable
atributes of fillets in comparison to
competitor species, and the characteristics of
the markets.

The survey of wholesalers and buyers will
produce information that will be syntheszed
with other information to evaluate thet
wholesder, indtitutional buyers, and mgor
fish retailers will add hybrid waleye and
sunfish to their product lines and estimate
the “supply” and “demand” for hybrid
wadleye and sunfish fillets. The compiled
ligt of buyers and wholesders dong with
descriptive information on their operaions
will be useful as a sand-aone product and
in marketing hybrids. The resultsfrom the
buyer and wholesaler survey will dso be
needed to develop the survey to assessthe
potential interest and perceived barriers to
the commercid production of hybrid
wadleye and sunfish.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS
SUB-OBJECTIVE 1

Mogt of the data and information on the U.S.
fish industry has been gathered by North
Dakota State University (NDSU). Thiswas
accomplished by searching public and
private sources of information and Statistics,
i.e.,, government gatistics, professond
aguaculture association Web pages,
commercial agquaculture Web pagesand a
literature review of journds, other media,
and proceedings of conferences. Synthesis
and write-up will occur during Year 2 of the
project.

SUB-OBJECTIVE 2

No research was conducted by NDSU dueto
the unavailability of hybrid waleye and

sunfish fillets. Research will be conducted
inYear 2.

SUB-OBJECTIVE 3

A prdiminary taste-testing survey was
conducted by NDSU at one location. The
taste-testing portion was limited to wild-
caught walleye, which were purchased
commercidly, and wild-caught sunfish
obtained from fishermen. Thislimited the
taste-testing to one Ste, the annua meeting
of the Minnesota Aquaculture Association,
in February 2000. It was an opportunity to
inform the association members about the
project and about the North Central
Regiond Aquaculture Center. These results,
which are not based upon hybrid waleye
and sunfish, will provide alimited basdine
of comparison with future analyses of
hybrid species.

The preliminary general consumer survey
was conducted at four Sites: the Minnesota
Aquaculture Association in February 2000
(51 surveys completed); the Wisconsin
Aquaculture Association in March 2000 (46
surveys completed); the Indoor Aquaculture
Feld Day, Vanddia, lllinoisin March 2000
(22 surveys completed); and a Hazard
Andysis Critical Control Pointstraining
program conducted by Kinnunen in August
2000 (20 surveys completed). A total of 139
surveys were completed in 2000.
Information has been coded, but not
andyzed a thistime.

SUB-OBJECTIVES 4 AND 6

During Year 1 of the sudy Michigan State
University (MSU) took the lead in regard to
the wholesdler and buyer andyss. MSU
completed aliterature review of previous
gudies that collected information from
seafood wholesdlers and buyers. This
included obtaining survey ingruments used
to collect information from these and smilar
businesses. The literature review provided a
conceptua basis for development of a draft
survey ingrument to be used to collect
information from *seafood” brokers and
digtributors, inditutiond buyers, and mgor
fish retailersin the seafood business.
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The draft survey collects information on: (1)
gross fish purchases, (2) cost of dl fish
bought/brokered, (3) species of fish bought
or sold, (4) percentage of fish they buy or
sl that are wild-harvested sdltweter fish,
wild-harvested freshwater fish, and farm-
rased fish, (5) percentage of fish that they
buy or sdl that are fresh whole, fresh
fillet/steked, frozen whole, frozen
fillet/steaked, and live, (6) the importance of
different attributes in deciding whether or
not to buy or carry a particular finfish
product, (7) whether they purchase/sdll or
have purchased/sold wild-harvested walleye,
farm-raised walleye, wild-harvested sunfish,
or farm-raised sunfish, (8) for which fish
species would farm-raised walleye and
sunfish be a subgtitute, and (9) what, if any,
arethe potentid barriers to introducing
farm-raised waleye and sunfish into ther
markets. The survey instrument collects
information about the seafood brokers and
digtributors, inditutiond buyers, and mgjor
fish retalers that will have uses beyond the
objectives of this sudy including regular
monitoring of these busnesses as it relates
to purchase and sdle of aguaculture-raised
fish.

MSU dso evauated different gpproaches for
collecting information from businesses
including food processors. Thereview of
different methods (e.g., mail survey, fax
surveys, telephone surveys, and persona
interviews) resulted in adecison to utilize a
mail/fax-telephone approach. Brokers and
digributors, inditutiona buyers, and major
fish retallerswill be mailed and faxed a
guestionnaire and given the option of
completing it and returning it by fax or mall

or though atelephone interview. A
telephone interview will be used to assess
and correct for possible biases introduced by
non-response. Non-response bias could be a
magjor concern in studies such as these.

The draft survey was circulated by MSU to
cooperators from Illinois State University
(1SU) and NDSU for comment and
recommended changes.

MSU developed alist of seafood brokers
and digributors, ingtitutiond buyers, and
major fish retallers. The list was developed
by combining alist previoudy developed by
NDSU, businesses listed in the yellow
pages, and in aNationa Fisheries Inditute
publication. MSU is currently collecting
telephone and fax numbers and key contact
persons for 88 seafood brokers and
distributors, seven mgjor grocery retail
chains, and 20 indtitutiond buyers which
have been identified. The other two
participants who are to develop smilar lists
for their market areas can now useasmilar
gpproach. Theselistswill be used for
surveying brokers and digtributors,
inditutiona buyers, and mgor fish retailers
in the seafood business, and dso to later
conduct product testing.

SUB-OBJECTIVE 5

MSU has identified exigting aquaculture
operations, including but not limited to,
those that produce and market species
samilar to hybrid waleye and sunfish. They
have aso begun to conceptudize the
development of aformat for asurvey
ingrument that will incorporate findings
from the survey of seafood brokers and
digributors, inditutiona buyers, and major
fish retalers.

WORK PLANNED
SUB-OBJECTIVE 1

The collection of atigtics and other
industry information, and preparation of a
manuscript will be completed by NDSU.

SUB-OBJECTIVE 2

NDSU will conduct and complete the
technical comparison of species and publish
the results.

SUB-OBJECTIVE 3

NDSU will conduct the second round of
consumer perception and market demand
surveys.
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SUB-OBJECTIVES4 AND 6
ISU isin the early stages of preparing and
digtributing a questionnaire to

Illinois wholesders, brokers, and buyers.

This survey isthe same as that

being distributed by MSU.

The survey instrument is being revised by

MSU and then will be pre-tested on a

sample of buyersin November 2000. The

results from the pre-test will be used to
further refine the instrument. The survey

will begin in December 2000.

SUB-OBJECTIVE 5

MSU will begin developing the questions

survey ingrument will be ready for pre-
testing in April 2001 after the results from
other lements of the study are completed.

IMPACTS

Thiswork will provide market information
for potentia producers of hybrid walleye
and sunfish such that they can make
informed decisons about investing in
producing these species, what are desirable
attributes, and market-entry strategies.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

See the Appendix for a cumulative output

for dl NCRAC-funded Economics and

that will collect descriptive/profile Marketing activities.
information beginning in January 2001. The
SUPPORT
NCRAC- OTHER SUPPORT
YEAR USDA UNIVER OTHER JPPOR
- SUPPORT
FUNDING STy INDUSTRY reperal | OTHER | TOTAL
1999-00 $27,822 $53,777 $53,777 $81,599
TOTAL $27,822 $53,777 $53,777 $81,599
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YELLOW PERCH?

Project Component Termination Report for the Period
September 1, 1997 to August 31, 2000

NCRAC FUNDING LEVEL: $185,600* (September 1, 1998 to August 31, 2000)
PARTICIPANTS:

Paul B. Brown Purdue University Indiana

Konrad Dabrowski Ohio State University Ohio

Dondd L. Galing Michigan State University Michigan

Robert S. Hayward Univergty of Missouri-Columbia Missouri

Jeffery A. Mdison Universty of Wisconsn-Madison Wisconsn

I ndustry Advisory Council Liaison:

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

Extension Liaison:

Dondd L. Garling Michigan State University Michigan

Non-Funded Collaborators:

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

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

REASON FOR TERMINATION remains achdlenge. In recent years, severd

The objectives for this component of work new larva diets have been introduced, yet

on Yédlow Perch were completed. they have not been evauated asfirst feeds

for larva perch. Inaseries of sudies,

PROJECT OBJECTIVES techniques were devel oped for rearing

(1) Withthegod of larvd intensve yellow replicate groups of larva perch under
perch feeding in tanks from the onset of smilar conditions which were then offered
firg feeding, continue to develop mog of the avalable larva diets. Growth
methods to produce fingerlings. and survivd of these fish fed the new larva

diets were compared to those fed rotifers
(2) Develop out-of-season spawning and Artemia.

methods for yellow perch.
Perch were spawned from brood stock held

PRINCIPAL ACCOMPLISHMENTS a the Purdue University Aquaculture
OBJECTIVE 1 Research Facility. Brood stock were 2+
Y dlow perch are comparatively smal when years old and originated from North
they hatch and feeding smdl larvd fish Caolina. Adult fish were maintained in

3NCRAC hasfunded seven Y ellow Perch projects. Termination reports for the first three projects are contained in
the 1989-1996 Compendium Report; a termination report for the fourth and fifth projectsis contained in the 1997-98
Annual Progress Report. This progressreport isfor the sixth Y ellow Perch project, which is chaired by Jeffrey A.
Malison. ItisaZ2-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 elsewherein this Annual Progress Report.

“Total for all three objectives of the sixth Y ellow Perch project.
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differing thermd regimes so that severd
spawns would occur and the study could be
replicated.

All diets were offered to replicate groups
(five per treatment) and two separate studies
were conducted. In thefirst study, freeze
dried krill, spray-dried egg solids, Ocean
Star A.P.R. formula5®, Biokyowa fry feed
B®, and Bio-marine larva diegt® were
offered. In the second study, freeze dried
krill was not included, but Argent Cyclo-
peeze® was evauated in addition to the
other diets used in the first experiment.
Thus, four of the diets were evaluated twice
and two were evauated once in addition to
evauation of the control twice. Rotifersand
Artemia were grown in separate rearing
units and transferred to the experimenta
units as necessary. Livefood itemswere
avalableat dl times. Dry foods were
offered 24 h/day and added to the tanks by
automeatic feeders at intervals of 5-10 min.
Initid and find lengths and weights were
recorded at the beginning and end of each

study, respectively.

Fina weight (8.0 mg [0.00028 oz] in the
first experiment and 6.6 mg [0.00023 0Z] in
the second experiment) and surviva (46.4%
and 56.0%, respectively) of larval perch
offered rotifers and Artemia were
sgnificantly higher than fish fed any of the
larvd diets. Find weight of fish fed all

larvd diets ranged from 2.1-2.8 mg
(0.00007-0.00010 0z) and survival ranged
from 4.0-32.2%.

While the commercidly available larva
diets are accepted by yellow perch, weight
gain and surviva were inferior to those of
fishfed live foods. For those producers
planning controlled rearing of larva perch
in indoor production units, surviva ratesin
the range of 15-30% appear reasonable.
However, lower rates of weight gain may
affect future weight gain and time to

harvest. Those factors have not been
evauated in yellow perch offered dry foods
a hatching. Additionaly, thereisaneed for

improvement of dietsfor larva yelow
perch.

Research a Michigan State University
(MSU) looked at the effect of a gpecia tank
design and three feeds on the surviva of
larva ydlow perch. Ydlow perch readily
accepted vinegar edls, newly hatched
Artemia nauplii, and an artificid 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 lost overnight.

Researchers at Ohio State University (OSU)
determined the effects of krill hydrolysate as
afeed attractant. Growth tridswere
conducted usng commercid trout Starter
diet alone (control) or the same diet coated
with liquid krill hydrolysste. The diet

coated with attractant increased growth rate
of yellow perch juveniles by 31% compared
to the control diet (average find wet weight,
734 + 33 and 559 + 82 mg [0.0259 + 0.0012
and 0.0197 + 0.0029 0z], respectively).
Moreover, weight gains were not
sgnificantly different compared to fish fed
exdugvdy with live brine shrimp nauplii.
The effects of krill hydrolysate on dry diet
ingestion rates were aso determined using
radioactive (**C) labeling. A commercia
dtarter diet was coated with 5% hydrolysate
or the soluble fraction of krill was added to
the experimenta tank water. In both cases
an increase in ingestion followed
(approximately 200%), athough ingestion
rate expressed on a per weight basis was not
sgnificantly different compared to that of
live brine shrimp nauplii.

In previous experiments OSU researchers
observed a correlation between low
frequency of swim bladder inflation and
skeleton deformities and mortdity.
Therefore, in afollow up study, the question
of conditions resulting in swim bladder
inflation in yellow perch larvee asrdated to
dry diet utilization was addressed. Newly
hatched fry were collected in asingle 100-L
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(26.4-gd) rearing tank. Water flow into the
tank was provided using four surface
sorinklers to facilitate sivim 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 perigdtic pump during light
hours (24 h). The dengty of nauplii was
maintained a 4-5 individua/mL (118-145
0z). Therearing system was cleaned and
mortaities 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 had inflated swim bladders.
There was no sgnificant difference between
fish with noninflated and inflated swvim
bladdersin total length (10.4 + 1.2 and 11.1
+1.3mm[0.41 £ 0.047 and 0.44 £ 0.051
in]), repectively. Higtologica andysis
reveded that 100% of fish with non-inflated
swim bladders showed infiltration of
meacrophages into their lumen. A amilar
process was earlier described in walleye
larvae following the ingestion of bacteria
and organic debris and attributed to their
poor surviva.

At the Univergty of Wisconsn-Madison
(UW-Madison) a 2x3 factorid experiment
comparing the habituation success of two
gzesof amdl (125 mm [0.49 in] and 15.5
mm [0.61 in] total length) pond-raised perch
fingerlings fed one of three commercia
starter diets (Biokyowa A250/B400,
Bioproducts Biokrill trainer, and Silver Cup
soft-moist) has been completed.
Habituation success was generdly twice as
good in the 15.5 mm (0.61 in) fish when
compared to their 12.5 mm (0.49 in)
counterparts (43-76% versus 20-37%).
Overd| habituation success was highest in
the fish fed Biokyowa (U = 76% in 15.5 mm
[0.61 in] fish and 37% in 125 mm [0.49in]
fish). Groups fed Biokrill trainer showed
the strongest initia acceptance, but by the
end of thetrid virtudly dl these fish were

smd|l and suffered from scolioss,
suggesting a nutritiond deficiency in the
krill diet. A drategy that employs krill for
the first few days (to take advantage of its
initia attraction) with atrangtion to amore
nutritionaly complete diet may be worth
investigating. Tank husbandry of the 12.5
mm (0.49 in) fish was extremely labor
intengve.

OBJECTIVE 2

UW-Madison researchers induced out-of-
Season spawning with variable degrees of
successin severa year classes of yelow
perch femades. Dueto itsimmediate
commercid gpplicability, emphasswas
placed on inducing spawning in July, which
may dlow for double cropping of fingerling
ponds. During each of three attempts at out-
of-season (July) spawning, 15-25% of
females produced egg ribbons. Fertility of
the ribbons was highly variable, ranging
from O to >90% with most ribbons
exhibiting between 20 and 30% live
embryos at the eyed stage. The extreme
variability in fertilization successwas

related to poor egg development, whichin
one case was caused by the failure of our
water chillers. The use of hCG to initiate
find oocyte maturation and spawning in
females and release of spermatozoain maes
was successful. In onetria 200,000 fry
were produced and stocked into a0.5 ha
(1.24 acre) pond in mid July. In mid-
September over 90,000 fingerlings (35-50
mm; 1.38-1.97 in) were harvested from this
pond.

IMPACTS

OBJECTIVE 1

Research on Objective 1 improved larva
rearing techniques by developing and
evauating different sarter dietsand
environmental conditions. Methods for
successtully rearing yellow perch
fingerlings as amd| as 15.5 mm (0.61 in)
using reedily available commercia feeds
have now been demonsirated. For newly
hatched perch larvae, we have shown that
live foods indluding rotifers, Artemia, and
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vinegar eds can be used successfully asa
first food source, and dry dietsincluding
artificd plankton and diets containing krill
hydrolysate show promise for the future.
The information generated by these studies
will greetly assst perch producersin their
efforts to reliably raise the large numbers of
perch fingerlings needed by the industry.

OBJECTIVE 2

Research on Objective 2 established
methods for inducing out-of-season
gpawning in perch. The resultant
avalability of perch fry a different times
during the year will increase the efficiency
of exiging pond and tank fry culture
systems by dlowing multiple cropping of
these sysems. In turn, the availability of
fingerlings & multiple times during the year
will facilitete afuller, more efficient use of
grow-out facilities and equipment. The
avallability of fertilized eggs outsde the
normal spawning season will dso greatly
facilitate research on the culture of perch fry
in tanks.

RECOMMENDED FOLLOW-UP
ACTIVITIES

While the results of these studies have
provided important information regarding
fingerling production and grow out to
market Sze, they have also served to
emphasize severd areasin which additiond

» Thehigh cost of fingerlings continues to
be one of the greatest factors
congtraining the growth of yellow perch
aguaculture. The extreme variahility in
the size of pond-reared fingerlings,
coupled with rdaively poor overdl
production rates (which are typicdly as
much as an order of magnitude lower
than theoretica production levels),
continue to be critica problems facing
yellow perch producers. Accordingly,
efforts to develop improved methods of
fingerling production need to be
continued. In thisregard, more detailed
work is needed to improve the reliability
of out-of-season spawning before this
method becomes commercidly
aoplicable.

» Generate adatabase of economic
information for recirculaion and pond
system grow-out, in order to build
accurate economic models for business
planning.

» Studies are needed to develop improved
diets and feeding Strategies.

» Continue to develop methods for
improving perch growth rates, such as
hybridization and sdective breeding.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

See the Appendix for a cumulative output

for adl NCRAC-funded Yéelow Perch

studies are greatly needed. activities.
SUPPORT
s N 85 S/S_ OTHER SUPPORT TOTAL
FUNDING U'g'l\ﬁR' INDUSTRY F(EEEI'EEL OTHER TOTAL SUPPORT
1997-98 $95,300 $98,565 $2,000 $100,565 $195,865
1998-00 $90,300 $94,335 $94,335 $184,635
TOTAL $185,600 $192,900 $2,000 $194,900 $380,500
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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 University Michigan
Robert S. Hayward Univergty of Missouri-Columbia Missouri
Jeffrey A. Mdison Universty of Wisconsn-Madison Wisconsan
Extension Liaison:
Dondd L. Garling Michigan State Universty Michigan
I ndustry Advisory Council Liaison:
Forrest Williams Bay Port Aquaculture Systems, Inc., West Michigan
Olive
Non-funded Collaborators:
Marty Domer Ohio Vdley Fish Hatchery Inc., Minerd City Ohio
Forrest Williams Bay Port Aquaculture Systems, Inc., West Michigan
Olive

PROJECT OBJECTIVES growth of perch asthey approach market
Increase growth rates of yellow perch gze. The use of these methods by
gregter than 150 mm (6 in) by evaluating commercia perch producerswill decresse
diets, feeding Strategies, environmenta the time needed to raise perch to market size
manipulation, and mono-sex/bi-sex and thereby increase the efficiency of
comparisons. production facilities and reduce production

costs. One of the most promising drategies
ANTICIPATED BENEFITS in thisregard is the production of mono-sex
Thiswork will address priority needs female stocks of perch. A method for
identified by the North Central Regiond producing 100% female perch has been
Aquaculture Center (NCRAC) Industry developed by researchers at the University
Advisory Council for advancing yelow of Wisconsn-Madison (UW-Madison) and
perch aguaculture in the North Centra is currently being used by severd regiond
Region. Research on this objective will perch producers under an investigationa
develop and evaluate methods for improving new anima drug (INAD) exemption granted

*NCRAC has funded seven Y ellow Perch projects. Termination reports for the first three projects are contained in
the 1989-1996 Compendium Report; a termination report for the fourth and fifth projectsis contained in the 1997-98
Annual Progress Report. This progressreport isfor the sixth Y ellow Perch project, which is chaired by Jeffrey A.
Malison. ItisaZ2-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 elsewherein this Annual Progress Report.

®Total for all three objectives of the sixth Y ellow Perch project.
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by the Federad Drug Adminigtration (FDA).
Research under another NCRAC project
entitled “ Safety of 17a-Methyltestosterone
for Induction of Sex Inversion in Wdleye”
was amed at gaining auniversa New
Animd Drug Application approva for using
thismethod in percids.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

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

Also at the UW-Madison, the growth of
mae and femde ydlow perch in ponds was
compared using one pond in each year of the
project. In both studies femae yellow perch
had greater weight and length gains than
males when grown in ponds. Femaleswere
larger a the beginning of each trid, and the
difference in sze between the males and
femdesincreased sgnificantly asthe

studies progressed. At the conclusion of the
two pond studies, females were 35 and 47%
heavier, and 10 and 12% longer,
respectively, than maes. The growth of
both males and femaesin these sudieswas
relatively poor, mogt likely due to the tags
used to identify individuas. Tag retention
was very poor, and those individuals that did
retain the tags showed a high incidence of
ulcerated and necrotic tissue at the Site of
the tag.

Studies at the University of Missouri were
designed to determine whether the tendency
for dramatic growth dowing in ydlow perch

A termination report for that project is contained
in the 1997-98 Annual Progress Report.

upon reaching 75-100 g (2.65-3.52 02)
could be negated by subjecting fish to
feeding regimes that eicited compensatory
growth (CG). The expectation that CG
feeding schedules might improve perch
growth arises from previous NCRAC-
funded studies where weight gain was
doubled in hybrid sunfish (rdletive to
controls fed ad libitum) in response to
feeding schedules that dicited the CG
response. This growing significantly
beyond control weights through CG is how
known as growth overcompensation (GOC),
and was firg identified through a NCRAC-
funded study.

A firgt experiment sought to determine
whether totd weight gain by largely mature
age-2 yellow perch could be increased over
thet of continuoudy fed controls by usng
CG feeding regimes. Five CG feeding
regimes involving repeating cycles of no-
feeding (for either 2, 7, 12, 17, or 22 days)
followed by ad libitum feeding for aslong
as elevated feeding rates occurred, were
evaluated over a 125-day experiment at
21°C (64.8°F). While episodes of CG did
occur in al treatment groups when food was
resupplied after the no-feeding periods,
perch did not surpass control fish weightsin
any treatment group, unlike what occurred
previoudy for hybrid sunfish. Point
edimates of find weight did not reach that
of the control group in any treatment group.
A second experiment was run subsequently
in an atempt to achieve grester weight gains
through CG. In the second experiment, a
CG feeding schedule Smilar to thet in
Experiment 1 involving 12-day periods of
no feeding was used. However, 12-day
periods of maintenance feeding were used
rather than 12-day periods of no-feeding.
Weights of perch exposed to this modified
CG feeding schedule rapidly caught up to
contral fish (unlike in Experiment 1), but the
rapid growth immediately ceased as soon as
this group reached contral fish weights.

Although study resultsindicete that CG
feeding schedules cannot be used to increase
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growth of adult and maturing yellow perch
beyond that of continuoudy fed controls,
vauableinsghtsrelating to CG, GOC, and
yellow perch aguaculture were provided by
thiswork. Resultsindicated that an upper-
weight limiting mechaniam invalving
appetite suppression precluded the yelow
perch undergoing rapid CG from surpassing
control weights. This result was clearly
different from that observed for hybrid
sunfish where CG carried them well beyond
control weights. Through comparisons with
the hybrid sunfish sudies, it is suggested
that factors including fish age (or sexud
maturity status), time-of-year, species-
specific response, and hybrid vigor, are
determinants of GOC capacity in fishes. In
this sudy it was observed that male and
femde ydlow perch showed their most
vigorous CG responses following food
deprivation periods of different durations
(after 2 days of food deprivation for maes,
and 12 days for females); causes for these
differences are not yet gpparent. Under
conditions of unrestricted feeding in the
control groups, growth rates and growth
efficiency of femae ydlow perch exceeded
those of males by up to two-fold. It was
aso indicated that substantia periods of
restricted feeding can be imposed on yellow
perch which, if followed by appropriate feed
reprovisoning periods, will resultin
complete recovery of lost growth with no
loss of food conversion ratio. This capacity
may be of vauein aguaculture in relation to
feed and growth rate management. A
manuscript based on the results of this study
has been submitted for publication to the
Journd of Fish Biology.

Research a Michigan State University was
designed to compare gender-related growth
rates of yellow perch greater than 150 mm
(6in) raised in Sngle-gender or mixed-
gender cohorts. Reliable external secondary
sex characterigtics could not be identified.
Male and female stocks purchased from
commercid yellow perch growers were
randomly assigned (8/tank). Experiments
were conducted in 110-L (29.1-ga) tanks.

Water temperatures were maintained at
21°C (69.8°F) by arecirculation system.
Each tank of fish was assigned to one of
four feeding rates (0.5, 1.0, 2.0, and 3.0% of
tota tank wet body weight of fish per day)
and fed acommercid diet for 16 weeks.
There were three replicate tanks per feeding
rate treetment. Fish were weighed every
two weeks and feed levels adjusted
accordingly. A mixed-gender andysswas
not completed because the percentage of
males in the mixed stock (66%) was not
sgnificantly different than the
predominantly-male stock (71%). Gender-
rel ated metabolic differences between the
dl-femae and predominantly-male stocks
were determined using a saturation kinetics
model developed by Mercer. Tota
proximate andysis (lipids, crude energy,
crude protein, ash, and moisture) was done
to determine generd nutritiond
requirements. The dl-femae stock had a
greater maximum growth rate (1.850 g
[0.065 oz]/day/tank) than the
predominately-male stock (1.112 g [0.039
oz]/day/tank). The optima feeding leved for
the predominately-male stock was
0.76%/day and the maintenance level was
0.37%/day. The optimum feeding and
maintenance levels for the al-female stock
were Smilar to those determined for the
predominantly-male stock at 0.78%/day and
0.37%/day, respectively. No metabolic
parameters, excluding maximum growth
rate, were satisticaly different between the
two gender groups.

Work at Purdue University (Purdue) was
designed to identify legd flavor additives
for perch that will lead to increased
consumption of feed. The origina proposa
indicated two genetic groups of fish would
be raised at either 16, 22, or 28°C (60.8,
71.6, or 82.4°F) and offered one of three
flavor additives. An additiond genetic
group has been obtained that has a proven
record of rapid growth. The three genetic
groups are al-femae fish from Lake
Mendota, mixed-sex fish from Lake
Mendota, and mixed-sex fish from North
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Cardlina. All groups of fish were obtained
asjuveniles and were raised to the
appropriate sze for experimentation.

Experiments are underway a Purdue to
increase growth rates of yellow perch
greater than 150 mm (6 in) by evauating
diets, feeding Strategies, environmentd
manipulation, and mono-sex/bi-sex
comparisons. These sudieswill usethe
practica perch diets developed at Purduein
conjunction with various legd flavor
additives to ascertain which components
entice perch to eat morefood. Further, these
evauaionswill be with dl-femae perch
and mixed-sex perch from the same
geographic locaes.

Both genetic groups of fish were acquired in
1999 and grown to the desired size of 5075
g (1.76-2.65 0z). Four experimentd diets
have been formulated and manufactured at
Purdue, and the fish have been stocked into
their respective experimentd sysems. The
three systems used will be set at 16, 22, or
28°C (60.8, 71.6, or 82.4°F) and al four
dietswill be fed to both genetic groups at al
three temperatures.

WORK PLANNED

Purdue will complete their work during the
next year. All other participants have
completed their work with the exception, in
some cases, of publication of results.

IMPACTS

This research has established methods for
improving ydlow perch growth as they
approach market sze. Studiesto date have
shown that female perch outgrow maes, and
accordingly the use of mono-sex femae
stocks may be a method for producersto
increase growth rates of perch. Previous
work has led to the development of methods
for producing mono-sex female stocks of
perch, and this technology is currently being
used by six regiona perch producers under
an INAD exemption granted by the FDA.
The egtablishment of optimum feed levels
for perch will help producersto minimize
feed cogts, which are one of the primary
costs 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-size
yellow perch. Together, the above drategies
should provide the means for producersto
reduce the cost of raising perch to market
gze

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

See the Appendix for a cumulétive output

for dl NCRAC-funded Yéelow Perch
activities.

SUPPORT
NCRAC- OTHER SUPPORT
YEARS USDA UNIVER- OTHER SJI?J(/)AIIQ-T
FUNDING SITY INDUSTRY FEDERAL OTHER TOTAL
1997-98 $95,300 $98,565 $2,000 $100,565 $195,865
1998-00 $90,300 $94,335 $94,335 $184,655
TOTAL $185,600 $192,900 $378,500 $194,900 $380,520
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Progress Report for the Period
September 1, 1998 to August 31, 2000

NCRAC FUNDING LEVEL: $140,436 (September 1, 1998 to August 31, 2000)

PARTICIPANTS:

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

Dondd L. Garling Michigan State University Michigan

Miched D. Libbin® Paragon Aquaculture, Oshkosh Wisconsin

Harvey Hoven University of Wisconsin-Superior Sea Grant Wisconsn

Indtitute
Industry Advisory Council Liaison:
Harry Westers Aquaculture Bioengineering Corporation, Rives Michigan
Junction

Extension Liaison:

Dondd L. Galing Michigan State University Michigan

PROJECT OBJECTIVES minimum of 11,340 kg/yr (25,000

(1) Evduate recirculating aguaculture Iblyear).
technology to optimize yellow perch
growth, performance (surviva, hedth, ANTICIPATED BENEFITS
feed converson), and water quality This project will address priority needs
considering such factors asfeed identified by the North Central Regiond
management, water replacement, flow Aquaculture Center (NCRAC) Industry
rates, and density. Advisory Council for advancing yelow

perch aguaculture in the North Centra

(2) Conduct “ bresk-even andysis’ for Region. The research activities will
rasing yellow perch in arecirculating eva uate replicated multiple cohort-
agquaculture system on a commercia continuous loading management Sirategies
scde with aminimum recirculaing compared to more traditiona stocking and
system size of 18,927 L (5,000 ga) per grow-out procedures. The research project
biofilter, cgpable of producing a will aso address questions concerning the

8NCRAC hasfunded seven Y ellow Perch projects. Termination reports for the first three projects are contained in
the 1989-1996 Compendium Report; a termination report for the fourth and fifth projectsis contained in the 1997-98
Annual Progress Report. A progress report and a project component termination report for the sixth project, chaired
by Jeffrey A. Malison, are contained elsewhere in this Annual Progress Report. This progress report isfor the
seventh Y ellow Perch project, whichis chaired by Donald L. Garling. ItisaZ2-year study that began September 1,
1998.

°Paragon Aquaculture withdrew from the project after Y ear 1 because they lost al of thefishin their facility and
went out of business. The loss of the fish was due to an unknown pathogen which also affected fish at other
facilities as noted in the body of the report.
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magnitude of differencesin growth rates
between males and femades and if
fingerlings with suppressed growth rates
resume norma growth rates when
conditions are no longer limiting. The
information generated will help
aquaculturigts using recirculating
technology weigh the relative theoretica
benefits of continuous |loading (continuous
harvest and utilization of the recirculating
system near threshold design limits) against
its potential drawbacks (reduced feed
efficiency, increasing numbers/biomass of
dow growing fish, and dedining harvest
rates over time).

The caculation of the bresk-even financid
levels using actua costs of production and
actual revenues received from product sales
will alow current and prospective producers
of yelow perch in arecirculaing sysem to
compare and forecast their financia results
with some confidence. Each current or
prospective producer can compare their
forecasted or actual production outpui,
market prices received, and total operating
cods againg the actud financia results
reported in this study.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

OBJECTIVE 1

Research a Bay Port Aquaculture (Bay
Port), Paragon Aquaculture (Paragon), and
Michigan State Universty (MSU) was
desgned to evauate the effects of multiple
versus single-size cohort culture of yelow
perchin recirculating sysemsusing a
common standardized protocol. Bay Port
and Paragon were to have raised single-size
and multiple-size cohorts in commercid-
Szed tanks, respectively. MSU research
was designed to compare the growth of
single- and multiple-sized cohorts of yelow
perch in smdler replicated experimentd
tanks.

Bay Port was unable to begin their growth
dudiesin 1998. An investor withdrew from
the project which delayed congtruction of
thelr recirculating aguaculture system. Bay
Port has provided fish for experiments at
Paragon and MSU as called for in the
common standardized protocol.

Paragon began their multiple cohort growth
trialsin October 1998. A cohort of 5,000
fish, gpproximately 50 mm (2.0 in) totd
length (TL) were marked with aleft ventra
fin clip & Bay Port so their growth ratein

the multiple cohort system at Paragon could
be followed throughout the project. Thefish
were transported to Paragon and stocked 10
days after marking.

MSU researchers visited Paragon in October
1998 and April 1999 to determine relative
szedigribution, ratio of marked to
unmarked fish, and sex ratio 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
ggnificantly higher than norma for the
fadility and continued throughout the first
Sx months,

The MSU recirculaing system was designed
and congructed during the fall of 1998.

Y ellow perch were obtained from Bay Port
in January 1999. The fish experienced high
mortdity rates within days after ocking
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 aso experienced high
rates of mortality after transport and
gocking into aholding tank & MSU. The
initiation of research trias was postponed
until healthy yellow perch could be obtained
from Bay Port.

The high leve of mortdity that occurred at
MSU and Paragon in yellow perch that had
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been obtained from Bay Port aso occurred
a other ydlow perch culture facilities which
had received fish from Bay Port from the
same stock of fish. Fish from MSU were
sent to the MSU Anima Hedlth Diagnostic
Laboratory for evduation. Necropsy,
histopathology, bacteriology, and
parastology results were inconclusve. Fish
from Paragon were evaluated by the
Divison of Anima Hedth by the State
Aquaculture Veterinarian (Myron J. Kebus,
M.S., DVM) and virology samples were
submitted to Dr. Scott LaPatra, Clear
Springs Foods, Idaho for diagnostics. Dr.
Kebus aso consulted with Dr. Michadl
Vander Klok (Michigan Department of
Agriculture), Dr. Gerdd Johnson (Atlantic
Veterinary College Fish Diagnostic
Laboratory), Dr. Fred Rommel
(Pennsylvania Department of Agriculture
Fish Diagnostic Lab), and Dr. Hamish
Rogers (Universty of Pennsylvania Fish
Diagnosgtic Lab). No definitive diagnosis
was reported by any of the [aboratories
involved in performing diagnogtics on the
affected ydlow perch from any of the
locations that had been received from Bay
Port.

In July 1999 two groups of young-of-the-
year (YOY) ydlow 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 mortdity and
the second group was harvested from other
ponds. Fish were reared in triplicate tanks
to determine if these fish aso experienced
high mortdity rates. The YOY ydlow
perch from both groups obtained from Bay
Port had nearly 100% survival. Thesefish
were used to supply the smadler-sized fish
for the research at MSU. Larger yellow
perch were purchased from Willow Creek
Aquaculture, Middleton, Wiscongnin
September 1999. The mixed- versus single-
Szed cohort Sudies wereinitiated in
September 1999. Fish purchased from
Willow Creek Aquaculture (large fish) and
Bay Port (smdl fish) experienced high

mortality after being stocked into MSU’s
recirculating system. The system was
emptied and al components were sterilized.
The biofilter was acid washed and
recharged.

Bay Port never experienced elevated levels
of mortdity at ther facility of that sock of
ydlow perch which had served as the source
of fish supplied to Paragon, MSU, and
severd other facilities. However, asa
safeguard, Bay Port destroyed dl of that
remaining stock and sterilized al portions of
their facility where those fish had been
cultured.

A new stock of multiple cohorts of yellow
perch were made available to MSU from
Bay Port in April 2000. Nine tanks were
randomly assigned one of the three cohorts
(snglesmdl, snglelarge, and mixed-
cohort). Each cohort was stocked in
triplicate into tanks recelving water from a
common recirculaing sysem of amilar
design to the sysem in use a Bay Port. A
feeding rate of 2% body weight per day
divided into three feedings was assigned to
match commercia feeding rates. The 9-
month grow-out experiment began May 13,
2000. Tota wet fish weight for each tank
was measured every four weeksto adjust
feeding rates and maintain growth records.

Bay Port finaly completed congtruction of
its recirculating aquaculture system (RAS)

in May 2000. The system consgsts of 5,
18,100-L (4,782-gdl) rearing tanks with
associaed filtration systems. Bay Port will
follow the origind work plan to determine
the growth and performance of yellow perch
reared to market Sze (gpproximately 115 g;
4.1 oz) employing single-cohort
management practices. To date, fish have
been stocked into the RAS, and a portion of
the first group of fish stocked have been
marked. Monthly growth datais being
collected for subsequent andysis. Bay Port
will continue to collect production dataon
fishin thissysem. A future batch of

Annual Progress Report 1999-00

Page 31



NORTH CENTRAL REGIONAL AQUACULTURE CENTER

marked fish will be stocked into the system
in early fdl of 2000.

OBJECTIVE 2

This objective was designed to do the

following:

» Devedop asystematic method to collect
monthly financid operating data from
producers usng commercia yellow
perch recirculating systems.

» Coallect and evduate monthly financid
data from four commercid producers/
growers of yelow perchina
recirculaing system.

» Condruct an annud financid operating
satement of total operating revenues and
expenses, and caculate a break-even
financid operding leve based on the
expenses of production and the sdles
prices of the production for each
cooperator.

Work was completed in thefall of 1998 by
the Univerdty of Wisconsin-Superior Sea
Grant Indtitute for amethod and system to
collect financid operating data from active
yellow perch commercia-scale producers.
When the sudy was origindly proposed and
funded, there were four yellow perch
commercid production facilities that agreed
to cooperate by providing monthly financid
operating data. Unfortunately, three of the
origina operators ether terminated their
operations or were unable to establish
commercidly-viable production levels. The
fourth 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 the
fish in the production facility died (see
above). Thefinancia data supplied by
Paragon were incompl ete because no
revenues were produced and, therefore, was
not useful to conduct a bresk-even andysis.
No financia operating data were collected
after June 1999. Hoven initiated telephone

contacts with prospective or active RAS
yelow perch producers seeking
participation in the project. However, none
of the producers became involved either
because of insufficient Sze or unwillingness
to participate.

WORK PLANNED

OBJECTIVE 1

The 9-month mixed versus sngle-sized
cohort growth trid conducted at MSU will
continue until February 2001. At the end of
the grow-out period, the fish will be
sacrificed and proximeate analysis will be
conducted. Datawill be andyzed and a
report prepared with suggestions for future
research.

As dready noted, Paragon has withdrawn
from the project. Bay Port’s evauation of
single-sze cohort growth andlysis will be
continued. Fish will be graded periodicaly
S0 asto mantan Smilar szed fishinthe
rearing units. A portion of the fish thet are
input into the system will be marked (fin
clipped) for identification purposes. Growth
and performance of marked groups will be
monitored dong with the growth and
performance of dl infishin sysemasa
whole. This demongtration study will be
maintained until market-sized fish are being
produced from the system.

OBJECTIVE 2

Asof August 31, 2000, no active RAS
yelow perch producers were providing
monthly financia operating data. Efforts
will be made to identify and contact other
RAS ydlow perch producersin the region to
determine their willingness and ability to
provide commercid leve production and
financid data

Bay Port will collect financid operating deta
and makeit available for andyssif other
collaborators are identified to participate in
this objective
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IMPACTS

Results from research conducted as part of
Objective 1 will provide information on
grow out of food-size yellow perch using
sngle or multiple-gze cohortsin
recirculating systems. This information will
aso be vauable to ydlow perch culturists
using flow-through tank sysems.

If additiona participants can be identified
who are willing to provide monthly financid
data, the results of Objective 2 will provide
vauable financia information to current

potentid entrants into the industry. The
bresk-even calculations will demongirate the
rel ationship between production revenues
and costs that will produce profit/loss
results. Producerswill be able to compare
their levels of production output, market
prices received, and total operating costs
againg the reported results of this study.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED
See the Appendix for acumulative output
for adl NCRAC-funded Yéelow Perch

RAS yellow perch producers and to activities.
SUPPORT
OTHER SUPPORT
vears | | uson
UNIVER- OTHER SUPPORT
FUNDING SITY INDUSTRY | Zrcon OTHER TOTAL
1998-99 $61,700 $36,007 $64,575° $100,582 $162,282
1999-00 $78,736 $39,183 $106,076° $145,259 $223,995
TOTAL $140,436 $75,190 $170,651 $245,841 $386,277
®Paragon Aquaculture
®Bay Port Aquaculture Systems
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HYBRID STRIPED BASS"

Progress Report for the Period
September 1, 1995 to August 31, 2000

NCRAC FUNDING LEVEL: $30,000 (September 1, 1995 to August 31, 2000)

PARTICIPANTS:

Fred P. Binkowski University of Wisconan-Milwaukee Wisconsin
Christopher C. Kohler Southern lllinois Universty-Carbondde llinois
Joseph E. Morris lowa State Universty lowa
Robert J. Sheehan Southern Illinois University-Carbondde llinois
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 size).

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

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

(4) Conduct workshops presenting
technologies developed through
NCRA C-funded projects covering
generd methods for culturing this fish.

ANTICIPATED BENEFITS
The overdl god for the NCRAC-funded
collaborative Hybrid Striped Bass projectsis

to enhance the culture potentid of thisfish
inthe NCR. Extenson-rdated activities and
outputs will assure that the research
information generated getsto the indudtry in
auser-friendly form.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

Coordination and implementation of field
tegting involving the grow out of fingerlings
to advanced fingerlings and advanced
fingerlings to food Sze was donein
conjunction with severa NCRAC
aquaculture extension contacts.

A hybrid striped bass fact sheet that was
developed by Morris and Kohler has been
completed (NCRAC Fact Sheet Series #107)
which was published October 1999.

Kohler and Morris served as co-chairs for
the firss NCRAC Hybrid Striped Bass
Workshop that was held in November 1995
in Champaign, lllinois. The topicsfor the
workshop included larval culture, cage

®'NCRAC 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. Thefirst five projects were all
chaired by Christopher C. Kohler. Thisprogress report isfor 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
sixth project began June 1, 1999 and is under the direction of Joseph E. Morris.
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culture, brood stock management, and an
industry perspective. The 35 attendees were
from Illinois, Indiana, lowa, and Missouri.
Speskers who have been participantsin
various NCRAC-funded projects included
Chris Kohler, Sue Kohler, and Bob Sheehan
of Southern Illinois University-Carbondae,
George Brown and Joe Morris of lowa State
Univergity, and LaDon Swann of Purdue
Universty. Proceedings from this workshop
are avallable from the NCRAC Publications
Office a& lowa State Universty.

Kohler visted Keo Fish Farm in Arkansas
during Spring 2000 and obtained
photographs of the spawning process for
hybrid striped bass. These, dong with other
pictures, will beincluded in the video that
will be developed for a second workshop
that is planned for 2002.

WORK PLANNED

The culture manua will be produced in two
phases. Inthefirst phase, the editors,
Kohler and Morris, will review the current
datus of information using previoudy
produced related materids, e.g., “ 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
conss of producing materiasthat fill in the
voids usng information garnered from
NCRAC research activities, eg., nutritiond
and gamete storage and transportation.
These materids will be developed to support
a second Hybrid Striped Bass Workshop
that isto be held in 2002.

The second workshop will focus on
presenting technologies developed through
NCRAC-funded projects over the past
decade. The general methods used for
culturing thisimportant food fish will be
fully covered. The workshop will be held in
. Louis, Missouri at a hotel near the airport
to facilitate travel within theregion. To

lessen conflicts with fish farm activities, the
workshop will be held in Winter 2002.
Speakerswill include sdlected members of
past NCRAC Hybrid Striped Bass Work
Groups, aswell as one or more guest
gpeakers from the private sector. Workshop
regisrants 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 developed, advertised, and
digtributed throughout the NCR using
existing extenson and research networks

A video will be produced for the second
workshop 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 a Microsoft® PowerPoint presentation.
A digita camerawill be used to dlow for
high-quality dide presentation. In addition
to the photographic dides aready taken,
plans are being made to vigt other mgor
hybrid striped bass producers for more
photos. 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
NCRAC-funded Hybrid Striped Bass
projects.

IMPACTS

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

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

See the Appendix for a cumulative output

for dl NCRAC-funded Hybrid Striped Bass
activities.
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SUPPORT
O ol Tom T JomL
FUNDING SITY INDUSTRY FEDERAL OTHER TOTAL
1995-97 $15,000 $16,968 $16,968 $31,968
1999-00 $15,000 $15,000
TOTAL $30,000 $16,968 $16,968 $46,968
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WALLEYE"

Progress Report for the Period
September 1, 1999 to August 31, 2000

NCRAC FUNDING LEVEL: $63,750 (September 1, 1999 to August 31, 2000)

PARTICIPANTS:

Konrad Dabrowski Ohio State University Ohio
Robert S. Hayward University of Missouri Missouri
Rondd E. Kinnunen Michigan State University Michigan
Jeffrey A. Mdison Universty of Wisconsn-Madison Wisconsin
David A. Smith Freshwater Farms of Ohio, Inc. Ohio

I ndustry Advisory Council Liaison:

David A. Smith Freshwater Farms of Ohio, Inc., Urbana Ohio
Extension Liaison:

Rondd E. Kinnunen Michigan State University Michigan

PROJECT OBJECTIVES

(1a) Cary out commercid-scalefidd trias
for rearing hybrid waleye fingerlings
to food Sze (25.4 cm; 10 in minimum)
in tanks.

(1b) Cary out commercid-scde fied trids
for rearing hybrid waleye fingerlings
to food sze (25.4 cm; 10 in minimum)
in ponds (at least three ponds at each
dte) at stesin the upper and lower
portions of the North Centra Region.

(2) Conduct producer training workshops
on propagation of hybrid walleye.

ANTICIPATED BENEFITS

This project addresses priority needs
identified by the North Central Regiona
Aquaculture Center (NCRAC) Industry
Advisory Coundil for advancing hybrid
walleye aquaculture in the North Centra

Region (NCR). One mgor condraint
limiting development of hybrid walleye
aquaculture isthe lack of substantive
information on the commercia feashility of
culturing hybrid waleyeto food sze. The
proposed commercia field trias described
will establish critica production parameters
(indluding, but not limited to, fish growth
rate, surviva, and feed conversion) that can
be expected for raisng hybrid walleye
commercidly to food Szeintanksand in
ponds in the northern and southern parts of
the NCR. In order to minimize costs, the
ponds and tanks used for this study are near
the minimum Sze needed to have
commercid gpplicability. Thetridswill
aso generate detailed information that can
be used to develop economic models
outlining the production costs of producing
food-size hybrid waleye with these
different systems. The next logicd gepin
thisline of study will be for NCRAC to

NCRAC has funded seven Walleye projects. Termination reports for thefirst, third, and Objective 1 of the
fourth projects are contained in the 1989-1996 Compendium Report; atermination report for the second, fifth, sixth
and the remainder of the fourth projectsis contained in the 1996-97 Annual Progress Report. This progressreport is
for the seventh Walleye project, which is chaired by Konrad Dabrowski. It isa2-year study that began September 1,

1999.
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engage economists to develop such models
in a subsequent project.

In addition to providing fidd trid data, the
grow-out studies at Freshwater Farms of
Ohio (FFO), the Univergity of Missouri
(UM), and the University of Wisconsin-
Madison (UW-Madison) will each test
criticd scientific hypotheses with an
adequate number of replications to reach
vaid gatisticd conclusons. The sudies a
FFO and UM will determine the extent to
which out-of-season spawning can improve
the production efficiency of rearing hybrid
walleyeto food sizein tanks and pondsin
the southern part of theregion. The studies
a UW-Madison will determine the extent to
which monosex femde populaions improve
production efficiency.

It is anticipated that the commercid rearing
of hybrid wdleye in indoor recirculating
sysems will benefit from multiple-gpawning
schedules to allow year-round production.
The use of the commercid recirculating
systems developed at FFO (WaterSmith
Systems) for rearing rainbow trout may be
found to be suitable for hybrid walleye
culture. The construction and operation of
these WaterSmith Systems are suitable for

low-cost and farmer-friendly operations. No

proprietary or patent restrictions are
involved, and dl materids are available
from avariety of sources. The use of
conical-bottom polyethylene tanks has
dlowed adradtic reduction in maintenance
and solidsremova. The use of the biofilter
media (peagrave) asthe tank support
structure aso reduces construction costs
ggnificantly. The economic andyds of the

operation of these commercid-scae systems

will overcome the shortcomings of trying to
edimate profitability based on smal
research-scale studies.

One of the greatest potentid benefits of the
workshops under Objective 2 will be that

aquaculture producers will be made aware
of anew speciestha can be cultured in the

region that has potentia for consderable
economic returns. The study will also
identify reel and perceived potentid barriers
to the commercid production of hybrid
wadleye. Thisinformation will be useful in
designing educationd maerids and
technical assgtance. In addition,
aguaculture extenson professonas are
expected to be among the participantsin
these workshops, which could result ina
sgnificant “multiplier effect” in
disseminating the knowledge presented.
Another benefit of very visble commercid
field tridswill be to permit and encourage
persons interested in raisng hybrid walleye
commercidly to tour and ingpect the
facilities, thereby helping them assessthe
potentid of raisng hybrid wdleyein
different sysems. Additiona extenson
information will be disseminated in
conjunction with the proposed economic
models to be prepared subsequent to the
conduct of thefidld trids of the present

study.

This study will be closdy linked to arelated
NCRAC gtudy on the marketing of hybrid
wadlleye. All of the collaborators of this
project have agreed to provide samples of
hybrid waleye at the end of thefirst and
second years of this project that will be
needed to conduct components of the
marketing sudy. Ed Mahoney a Michigan
State Univerdty isthe leader of the
marketing project and will serve asthe
contact person for this sudy should the need
arise.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

OBJECTIVE 1A

Ohio State University (OSU) researchers
raised both out-of-season and regular season
spawned hybrid walleye in an 800-L (211-
gd) cylindrica-tank rearing sysem. The
water flow was set at 4-5 L/min (1.1-1.3
ga/min) and there were two surface pray
points each supplying an additiona 750
mL/min (0.2 gd/min) each. The centrd
stand pipe in each tank was covered with
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500-um mesh screen. Daily measurements
of turbidity, temperature, and dissolved
oxygen were recorded. Turbidity inthe
tanks was maintained & aleve of 10-20
nepheometric turbidity units by a congant
supply of clay solution to the system
through inlet pipes usng a perigatic pump
(Masterflex, modd 7021-24, Cole Parmer
Insruments, Vernon Hills, Illinois). Water
temperature was maintained at
approximately 19-20°C (66.2—68.0°F) in
both experiments. Dissolved oxygen levels
varied between 6.5 and 8 mg/L (ppm).
Light intengty and photoperiod were kept at
150 Ix and 12-h light/12-h dark,
repectively.

Samples of 10-20 viable larvae or juveniles
from each tank were collected every 34
days. Presence of food in the gut and swim
bladder inflation was recorded. These same
larvee were measured for cauda length and
wet weight. Surviva of hybrid waleye after
both experiments was determined by
counting dl the viable fish remaining.

Survivd, find length, and weight for out-of-
season and regular-season hybrid walleye
reared at OSU were asfollows: (1) out-of-
season—13.1 £ 2.4% survival, 2.46 + 0.24
mm (0.97 £ 0.09in) find length, 1.5+ 059
(0.05 + 0.02 0z) find weight; and (2) regular
season—19.0 £ 1.7% survival, 3.06 £ 0.42
mm (1.20 £ 0.17 in) find length.

Stocking of the tanks at FFO was dependent
on the number of fingerlings produced by
OSU. It was anticipated that atotal of
18,000 fingerlings would be available and

an estimated 21,500 fish were provided to
this phase of the project. These fish were
not fingerlings, but 1.5-2.0 cm (0.59-0.79
in) “advanced juveniles” Large mortdities
occurred with these fish after transport and
temporary facilities were provided in which
they could be nurtured to a more stable size.
They were placed in a4.9 m (16 ft) wooden
trough through which the tank system water
was pased and inwhich asmdl 1.2 m (4 ft)
section was made with small mesh dividers

for the fish to occupy. In-tank lighting and
an automeatic feeder wasingdled in the
center of this section to increase the
likelihood of feeding and to decrease the
level of dress by creeting high schooling
dendgty. A semi-moist sdimon diet asfeed
(Rangen, Buhl, 1daho) was successtully
accepted by most of these fish.

Thefirg baich of hybrid waleye juveniles
was from out-of-season spawning and
approximately 9,500 arrived at OSU on
April 28, 2000. After 40 daysthe survivors
numbered 3,350 and these were then
transferred to the large tank system. As of
the end of August, approximately 2,500
hybrid walleyes remained and averaged 13.4
cm (5.28in), ranging from 12.1-15.2 cm
(4.76-5.98 in). Average weight was 60
fishikg (27 fidhlb) for atota of 48 kg (106
Ib) ina3,596-L (950-gd) tank. Thisrate of
growth is as good or better than hybrid
walleye raised in summertime under
extensive pond culture conditions, and much
better than that seen in other indoor
laboratory studies using tank culture. Itis
anticipated that as grow out continues, this
group will be divided among more tanks to
keep biomass in the tank systems no more
than 60 g/L. (0.5 Ib/gal). The second year of
grow out will test the capacity of the
systems to support higher dengties (up to
120 g/L or 1 Ib/gdl)

The second batch of hybrid waleye
juveniles was from normal-season spawning
and approximately 12,000 arrived at OSU
on June 16, 2000. Dueto their smdl size
and emaciated condition, the juveniles were
again stocked into awooden trough that
alowed system water to passthrough. After
11 days, there were gpproximately 2,500
survivors. After 30 days, the 2,000
remaining fish were 6.35-10.2 cm (2.5-4.0
in). Unfortunately, just days before the
planned trandfer of fish from the trough to
the large tank, a power outage occurred.
While the rest of the system continued to
operate after the backup system resumed
flow in the main system, the brief shutdown
produced an airlock in the water supply pipe
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to the temporary trough arrangement. This
was not discovered until virtudly dl the fish
werelogt in the stagnant water of the trough.

The recirculating tank system has otherwise
proven to be quite successful in rearing
fingerling hybrid wdleye to the smdll
juvenile stage. There has been no problem
with outbreaks of columnaris (Flexibacter
columnaris) and bacterid gill disease
(Flavobacterium branchiophila), and the
fish in these round tanks gppear to avoid the
problems of physicd injury. Theuseof in-
tank lighting on a 24-h congtant cycle has
helped minimize the amount of sressin the
hybrid walleye as noted in thelr aggressive
feeding behavior. The collection and
disposa of solid waste has proven to be easy
in the conical-bottom tanks, and the
activities of the fish have not interfered with
the removal. The smple peagravel sysem
as abiofilter has removed the ammonia
produced by fish, and the temperature of the
water in the system has been maintained.
The gpproaching winter season will be the
next chalenge to the operation of the
system. The continuation of thisfirg trid
rearing to full sze will dlow amore
complete evaluation of the system’s ahility
to support larger individuas and higher
loading.

OBJECTIVE 1B

During the spring 2000 spawning season,
UW-Madison researchers produced four
lots of hybrid walleye fingerlings. These
fish were the offspring of 5-7 femde
walleye captured from the Missssppi River
at Genoa, Wisconsin (poor egg development
in captive Spirit Lake, lowawaleye brood
stock precluded the use of this strain of
walleye for this study). Eggs were pooled
and divided into four subsampleswhich
were individudly fertilized with semen from
four sauger males. These saugers were from
apopulation of captive Genoa strain sauger
that had been treated to induce partia
measculinizetion of the females. Pogtive
determination of the genotypic sex of the
saugers by gonada morphology was not

possible. Poor pond fingerling production
resulted in only one of the four ponds
producing enough fingerlings for the grow-
out phase of this objective. Testing of the
progeny will be conducted this winter to
determine the sex ratio of these fingerlings.
Over 90% of the fingerlings were
successfully feed-trained and they are
currently being reared indoorsin 750-L
(198-gd) tanks.

Additiondly & UW-Madison, a study has
been initiated to evauate the growth of

larger (>100 g; 3.5 0z) hybrid waleyesin
ponds. For this study over 600 Spirit Lake x
Missssppi River grain hybrids have been
stocked into two ponds, and these fish will

be reared in the ponds until September 2001.

This portion of the project seeksto

determine whether hybrid walleye can be
grown to market size (25.4-35.6 cm; 10-14
in) fagter in ponds in Missouri than in Ohio
(FFO) and Wisconsin (UW-Madison) dueto
alonger growing season. The origind plan
caled for receiving 9,000 early-season
hybrid waleye in March 2000 and the same
number of regular-season hybrid waleyein
May 2000. Fish wereto be held in net pens
in ponds for one month prior to release to
ensure that they remained on commercia
feed. Three ponds were each to receive
3,000 early season hybrid walleye and three
additional ponds were each to receive 3,000
regular season hybrid walleye.
Approximately 7,200 early season hybrid
walleye (mean length gpproximately 3.8 cm
[1.5in]) were ddlivered to the Missouri

pond facility (Flower’s Aquaculture, Dexter,
Missouri) by OSU personnel on May 5,
2000 and stocked into net pensin two ponds
(three net pens per pond). Fish were fed
once daily (early in the morning) to apparent
satiation with the commercid diet used by
OSU. Feeading activity was observed by the
next day. However, by May 25, only an
estimated 500 fish remained (93%
mortdity).
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Examination of guts indicated thet fish had
gone off feed, were consuming primarily
zooplankton, and that cannibalism was
likely the mgor mortdity source. Itis
believed that the high mortdity was
associated with the feeding frequency
having been too low in the net pens. The
fish provided by OSU were accustomed to
continuous 12-h feeding provided by belt
feeders.

OSU was unable to provide the regular
season hybrid walleye as planned due to
water supply problems at the Piketon
Research and Extension Center. Because of
these reasons, UM researchers decided to
use pure waleye and not hybrid walleyein
their subsequent pond experiments. UM
researchers (with assistance from Alan
Moore and the lowa Department of Natural
Resources) were able to secure fingerling
walleye from Spirit Lake Hatchery, lowa
that had been trained onto commercia feed.
Fingerling walleye were ddivered to the
Missouri pond facility on July 29, 2000
(mean length 7.4 cm [2.9 in]) and stocked
into two net pensin each of three ponds.
Fish were fed twice daily (morning and
evening) and watched closdly for afull week
by an on-site UM employee. Mortdity was
estimated to be <10% by August 8 when
fish were released into the three ponds a a
mean length of 7.8 cm (3.07 in). Twice-
daily feeding has been continued by workers
at Hower's Aquaculture. Feeding activity
has been steadily observed in al three ponds
since fish were rel eased.

First sampling of fish in the ponds was done
on October 10, 2000 after water
temperatures had dropped to 21°C (69.8°F).
Walleye in one pond averaged 12.5 cm (4.92
in) (15.2 g/fish; 0.54 oz/fish) and 15.2 cm
(5.98in) (25.2 gffish; 0.89 oz/fish) ina
second pond. The third pond could not be
seined during this outing due to heavy dgee
development. Numbers of walleyein the

two ponds sampled seemed quite high with
1,000 and 1,500 fish collected in one full-
pond seine haul in the first and second
ponds, respectively. Mean growth rates
were2.3cm (0.9in) and 3.3cm (1.3
in)/month in the first and second ponds,
respectively, indicating potentid to reach
the market sze range (25.4-35.6 cm; 10-14
in) within oneyear. In the second pond,
16% of the random sample of fish that were
measured exceeded 24.0 cm (9.45in).

OBJECTIVE 2
Extenson activities are not scheduled until
early 2002.

WORK PLANNED

OBJECTIVE 1A

OSU researchers hope to produce a new
batch of regular season hybrid waleyein
2001 and provide FFO and UM with 18,000
hybrid walleye fingerlings (5.0 cm [1.97 in|
tota length) for their respective pond and
tank grow-out trias.

The grow-out trid a FFO with the first
group of hybrid walleye will continue

through the second year to chronicle their
growth rate and feed conversion.
Commercid dengtieswill be maintained for
thisgroup. It isanticipated that more will

be learned about the year-round operation of
the system under conditions of winter when
the solar-heated building will have cooler air
temperatures.

The second year will dso dlow researchers
to again atempt to compare the differences
in out-of-season versus norma season
pawned hybrid waleyes, with the
important difference that fingerlings will be
stocked in the systems once they have
reached 5.0-7.6 cm (2-3in). These fish will
then be used to test the full capacity of the
recirculating systems when under fulll
commercia-scale loading. Thefull
operation of dl eght tankswill dlow a
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more redigtic picture of aeration, power,
and labor requirements. This information
will be used to demondtrate the economic
feaghility of hybrid walleye aquaculturein
indoor recirculating systems.

New fingerling-rearing methods will be used
in cooperation with OSU researchersin the
second year in order to increase the surviva
rate to fingerling sze. The use of semi-
moist sdmon diets at an earlier stage should
improve the number and condition of
fingerlings provided for the commercid

tank grow-out phase. OSU and FFO
personnd will dso employ new expanded
fadilities for the rearing of juvenilesand to
assure that adequate numbers of feed-trained
fingerlings will be produced.

OBJECTIVE 1B

UW-Madison researchers will continue to
collect data for the pond study described
previoudy. Also, in April 2001 the
fingerlings produced in Year 1 of the project
will be used in a pond study to collect deta
on the economics and production
characterigtics of growing hybrid walleye to
market Sze. Pond sudies will be completed
by autumn of 2001, the datawill be
analyzed, and a manuscript reporting the
results of the study will be prepared for
publication.

UM researchers will continue to monitor
growth of waleye currently in the southern
Missouri ponds through August 2001 and to
assess grow-out time required for fish to
reach market size. If 5.0 cm (1.97 in) total
length fingerlings will be provided by OSU
in spring 2001, UM researchers will stock
three additiona ponds with hybrid waleye.

OBJECTIVE 2

The Work Group will conduct two funded
producer training extension workshopsin
early 2002 on the propagation of hybrid
wadleye. The extenson liaison will
coordinate both workshops and use the
researchers in the Work Group as resource

persons. Extension and research personnel
associated with OSU's Piketon Research and
Extension Center will conduct a series of
contributed, non-funded “hands on”
workshops and training for interested
individuds.

IMPACTS

The field trias described under Objectives
laand 1b are generating basdine
information on production parameters
(induding, but not limited to, fish growth
rate, surviva, and feed conversion) that can
be expected for raisng hybrid walleye
commercidly to food Szein recirculaion
tanks and in pondsin the upper and lower
portions of the NCR. In addition, thetrids
should generate detailed information that
can be used to devel op economic models
outlining the production costs of producing
food-sze waleye with these different
systems.

New and exigting fish farmersin the NCR
have aready started to expressinterest in
the implications of an economica gpproach
to indoor recirculating sysems for the
raisng of high-vaue fish like hybrid
walleye. Based on commercid experience
to date with rainbow trout, farmsin
Michigan, Minnesota, and Ohio are dready
considering the use of these WaterSmith
Systemsdesigns. It isan important part of
the beneficid impact of this technology
transfer that indoor systems like these help
solve many problems associated with
outdoor culture of fish. The main benefits
are: (1) year-round production cycles
ingtead of winter down-time, (2) improved
waste handling and management, (3)
excluson of wild bird and animd predetion,
(4) containment of aquaculture speciesto
prevent wildlife impacts, (5) prevention of
off-flavors derived from aga blooms as
seen with pond culture, (6) improved control
over fish diseases and parasites compared to
outdoor culture, (7) reduced cost and labor
at harves, (8) expansion of aguaculture
production into areas where water quantity
or qudity may be limiting, (9) development
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of aquaculture facilities closer to markets

and population centers, and (10) decreased

gpace and land requirements for indoor

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED
See the Appendix for acumulative output

intengve fish farming compared to for dl NCRAC-funded Walleye activities.
extengve pond culture (<2% of area needed
for ponds).
SUPPORT
OTHER SUPPORT
vear | UsoA TOTAL
UNIVER- OTHER SUPPORT
FUNDING SITY INDUSTRY FeperaL | OTHER | TOTAL

1999-00 $63,750 $45,027 $750° $45,777 $109,527

TOTAL $63,750 $45,027 $750 $45,777 $109,527
*Freshwater Farms of Ohio, Inc., Urbana, Ohio
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Progress Report for the Period
September 1, 1999 to August 31, 2000

NCRAC FUNDING LEVEL: $116,850 (September 1, 1999 to August 31, 2000)

PARTICIPANTS:

IraR.Ademan Universty of Minnesota Minnesota
Robert S. Hayward University of Missouri-Columbia Missouri
Joseph E. Morris lowa State Universty lowa
Robert J. Sheehan Southern Illinois University-Carbondde lllinois
Mark A. Sheridan North Dakota State University North Dakota
Robert C. Summerfdt lowa State University lowa

I ndustry Advisory Council Liaison:

Curtis Harrison Harrison Fish Farm, Hurdland Missouri
Extension Liaison:

Joseph E. Morris lowa State Universty lowa
Non-Funded Collaborators:

Curtis Harrison Harrison Fish Farm, Hurdland Missouri
Myron Kloubec Kloubec Fish Farms, Amana lowa

PROJECT OBJECTIVES

(1) Conduct fidd trids of bluegill and F,
hybrid sunfish (femae green sunfish x
mae bluegill) in commercd sze
production facilities defined as ponds
>0.04 ha (0.10 acre) and indoor recycle
systems in the upper and lower portions
of the North Centra Region. A
minimum of three replicates will be used
indl pond and recycle system studies,
commercia feeds to be used will be
those identified in previous studies.

(2) Evduate grading strategies to enhance
grow out in commercid sysemsto
market Sze (>227 g; 0.5 Ib), including
the culture potentia of discards.

ANTICIPATED BENEFITS
OBJECTIVE 1

The hybrid sunfish shows many of the
characterigtics sought in acommercid food
fish (Some evidence that this taxais a better
performer than bluegill) however, the main
guestion is whether either taxa can be grown
to market Szein atime period needed to be
economicaly feasble. This sudy under
Objective 1 is expected to provide sound
indication of the economic feaghility of
rearing hybrid sunfish versus bluegill to
market Sze as afood fish.

A number of factors and procedures (some
developed quite recently) will be evauated
for their potentid to increase sunfish growth
rates and thereby reduce rearing times
required for grow out. Theseinclude: (1) an

2NCRAC has funded five Sunfish projects. Termination reports for the first two projects, or components thereof,
are contained in the 1989-1996 Compendium Report; atermination report for the third and fourth projectsis
contained in the 1998-99 Annual Progress Report. This progress report isfor the fifth Sunfish project, whichis
chaired by Robert S. Hayward. It isa 2-year study that began September 1, 1999.
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assessment of the influence of latitude
(largely thermd regime) on growth rates of
sunfish in ponds, (2) aprdiminary effort to
diminish the negative impacts that strong
socid interactions among sunfish have on
gze variation and growth retes, (3)
gpplication of recently acquired knowledge
of optima daily feeding frequencies for
sunfish, indluding feeding rhythms, (4) use
of fry spawned out-of-season, making them
available for socking earlier in the year and
alowing subgtantialy longer growth periods
inthefird year, and (5) arigorous
evauation of the capacity to grow sunfish to
market Sze inindoor recycle sysems where
optimal growth environments can be
maintained continuoudly.

OBJECTIVE 2

The work undertaken for this objective will
evauate the potentid to dramatically
increase growth rates, improve feed
conversion, and reduce Size variation of
commercidly-reared hybrid sunfish through
arddivey sraightforward procedure.
Removal of those individuals that possess
inherently low growth capacity may dlow
for improved fish growth. The sngle sudy
associated with this objective compares the
improvements in growth rates and the
percentage of fish reaching market Sze at
various times in pond-reared hybrid sunfish
initidly graded to remove smdler fish
versus those where no initid grading was
done.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

OBJECTIVE 1

A test of a 3-year sunfish production cycleis
underway a Southern lllinois Universty-
Carbondde (SIUC). Thiswork was initiated
goproximately sx months prior to funding
the current 2-year sudy. The intent of the
study isto determine whether edible-sze
sunfish can be produced in three yearsiif
management effort, expense, and

pond/facility use are minimized during the
firs year.

In April 1999 eight 0.04-ha (0.10 acre)
ponds were stocked with sunfish brood
gtock; four were stocked with bluegill (five
male and five femae) and four were stocked
with bluegill and green sunfish (five mde
bluegill and five femae green sunfish).
Other than stocking the brood fish, the only
management done in the ponds was
fertilization usng smdl amounts of old fish
feed once aweek for about one month to
promote zooplankton production.

On April 12, 2000 each spawning pond was
seined to depletion and production of age-1
fish estimated. These fish were then stocked
into four 0.04-ha (0.10 acre) ponds per taxa
group (12,000 fish/ha; 4,856 fish/acre) and
fed acommercid diet. Mean production of
age-1 fish was determined for hybrid sunfish
to be 229,830 + 49,990 fish/ha (93,012 +
20,231 fish/acre) and for bluegill 172,206 +
50,124 fish/ha (69,692 + 20,285 fish/acre).
There was no sgnificant difference between
the taxa in numbers of fish produced. Mean
weight of the age-1 bluegill was 0.38 + 0.25
g (0.13 £ 0.009 0z), and their mean length
was 29 + 6 mm (1.14 = 0.23in). Hybrid
sunfish were sgnificantly smaler in both
length and weight when harvested in April
2000 and stocked into production ponds.

lowa State University (1SU) researchers
initiated an 18-month study using Sx ponds
(0.08-0.21 ha; 0.2-0.5 acre) at acommercia
fish farm in lowa; three ponds were stocked
with bluegill and three ponds were stocked
with hybrid sunfish. Hybrid sunfish were
stocked November 1999, whereas bluegill
were stocked May 2000. All pondswere
stocked at 12,000 fish/ha (4,856 fish/acre).
Fish were graded to remove the top 70% of
the pond harvest; these top-graded fish were
then used to stock ponds that would be used
inan 1SU recycle study (description below).
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Beginning May 2000, fish were fed a 36%
crude protein commercia diet at afeeding
rate of 3% body weight daily, usng
autometic feeders.

Evidence of over-winter growth (increasein
body weight and gonad weight) was
exhibited by the growth of hybrid sunfish
from November 1999 to May 2000. The
hybrid sunfish sex ratio was highly skewed
towards males, as expected from previous
literature,

Direct comparison between these fish was
possible during summer 2000. Bluegills
were more evenly split between sexes with a
higher percentage of maesin uly. The
cause of this phenomenon was most likely
due to spawning behavior, which causes
maesto resdein the shdlow regions of the
ponds. Summer sampling of hybrid sunfish
produced amost 100% males.

In both bluegill and hybrid sunfish, femaes
tended to be smaller than maes, also
expected from previous literature.
Additiondly, the weight of femae gonadd
tissue was higher than that of maes (1-2%
femae versus <1% mae); therefore, a
greater percentage of male sunfish in ponds,
devoting more energy for the development
of sométic tissue, would be advantageous
for fish culturigts producing food fish.
Specific growth rates (SGR) for the summer
were: bluegill (mean = 0.74 + 0.457) and
hybrid sunfish (mean = 1.25 £ 0.503).

ISU researchers d'so completed one 16-
week growth trid comparing bluegill and
hybrid sunfish a two dengtiesin arecycle
culture system with ambient oxygen (i.e,
without supersaturation of oxygen). Three
comparisons were made: (1) low versus high
density, (2) bluegill versus hybrid bluegill,
and (3) bluegill aone (monoculture) versus
bluegill grown in the same tank as hybrid
bluegill (polyculture). Fish werefed to
stiation.

Theinitid dengty trestments were 5 and 10
g/L (0.04 and 0.08 Ib/gd) for low and high
densities, respectively. Loading was kept
congant throughout the growth interva and
the same loading was used for both dengity
treatments. Fina densitieswere 14.8 g/L
(0.12 Ib/gd) for the low-dengdty treatment
and 22.0 g/L (0.18 Ib/gd) for the high-
dengty trestment. The low dengity bluegill
group had sgnificantly greater percent gain
(233% compared with 112%) and SGR
(1.07 compared with 0.67), and significantly
lower food conversion (2.8 compared with
4.0) then bluegill in the high-density
trestment. Hybrid sunfish had smilar
growth and food conversion at low (125%
gain, 0.72 SGR, and 4.2 food conversion)
and high dengity (108% gain, 0.65 SGR, and
4.5 food conversion).

At low dengty, growth of bluegill (233%
gain and SGR 1.07) was greater and food
converson (2.8) lower than hybrid sunfish
(125% gain, 0.72 SGR, and 4.2 food
converson). At high densty, growth of
bluegill (112% gain and SGR 0.67) and food
conversion (4.0) was not sgnificantly
different from performance of hybrid

sunfish (108% gain, 0.65 SGR, and 4.5 food
converson).

At both densities, bluegill cultured with
hybrid sunfish (polyculture) consstently had
higher percent gain, SGR, and lower food
converson than bluegill cultured done
(monoculture), but the differences were not
datigicdly sgnificant. Hybrid sunfish
cultured with bluegill had faster growth and
lower food conversion than when they were
cultured done, but they were not
daidicdly different. However, the findings
demondirate that for experimenta purposes
bluegill and hybrid sunfish can be cultured
together without affecting the performance
of either one.

The bluegill and hybrid sunfish used in the
ISU recycle system were spawned in June
1998 and cultured in ponds until November
1999. Thus, when they were transferred to
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ISU for the current study they were about 17
months old. At the end of the firgt trid of
the current study, the fish were 23 months
old. Even though these fish represent the
largest of theinitia population harvested
from ponds, they only reached a mean
weight of 43 gand 51 g (1.5 and 1.8 02),
respectively, for bluegill and hybrid sunfish.
Thus, after atotd of 17 monthsin ponds and
5 monthsindoors at favorable growing
temperaures, the fish are far from reaching
amaketable sze. Until genetic selection
has improved their growth potentid, the
dow growth rates observed in this and the
previous North Central Regional
Aquaculture Center (NCRAC) project
should raise doubts about the economic
feashility of rasng bluegill to food sze.

Thefidd trid at the University of
Minnesota has been delayed awaiting the
completion of another NCRAC project
(Wastes/Effluents) which utilized the
production facilities. That project isin the
final stages and the tanks will be availablein
October. Bluegill and hybrid sunfish were
obtained from Osage Catfisheriesin Osage
Beach, Missouri.

North Dakota State University (NDSU)
researchersinitiated their study March 2000
using six 18,925-L (5,000-ga) indoor
systems, (stocking 3,000 fish/system and
three tanks/taxa). Average weight gain per
taxawas 0.43 and 0.37 g/day (0.015 and
0.013 02) for bluegill and hybrid sunfish,
respectively. Average food conversion was
0.89 for bluegill and 1.01 for hybrid sunfish.

OBJECTIVE 2

Univerdty of Missouri (UM) researchers
harvested age-1 hybrid sunfish from the
same production pond at Flower’s
Aquaeculture in Dexter, Missouri. Fish were
graded into two size groups. smdl (mean
length = 41.3 mm [1.63 in], mean weight =
1.03 g [0.036 oz] wet weight), and large
(mean length = 62.7 mm [2.47 in], mean
weight = 3.94 g [0.139 oz] wet weight). The
fish were transported to Harrison Fish Farm

in Hurdland, Missouri in April 2000 and
stocked into seven 0.20-ha (0.5 acre) ponds.
Three ponds received only large fish (3,231
fish/pond), three ponds received 3,000 small
plus 3,000 large fish, and one pond received
14,000 smdll fish. Stocking dendties (dry
biomass’ha) were matched in the ponds
recaiving large and large plus smdll figh;
gtocking density was lower in the pond
recaiving only smdl fish.

Fish were fed twice daly. Resultsfor the
first 63 days after stocking show
sgnificantly higher weight gain and find
weights in ponds stocked with the larger Sze
group of hybrid sunfish versuslarge plus
gamadl fish. Mean vaues are nearly twice as
high for ponds with large fish only than for
those with mixed-size groups, both of these
treatments had improved growth compared
to the one pond stocked only with the smdll
fish. Early resultsindicate a substantia
growth advantage associated with excluding
amdler hybrids by size grading at the
beginning of grow out.

WORK PLANNED

SIUC researchers will further evauate the 3-
year production cycle of bluegill and hybrid
sunfish fingerlings that are to be spawned
out of season at ISU. By spawning out-of-
Season, it may be possible to stock young-
of-the-year (YQOY) into ponds earlier in the
growing season than would be possible if

Y QY were produced by stocking brood fish
inthe ponds. A much larger yearling fish
could be produced using this method,
perhaps facilitating production of larger
edible-size fish or reducing the time needed
to reach edible sze. Brood fish (bluegill

and green sunfish) for out-of-season
gpawning are currently being collected from
ponds by SIUC for subsequent shipment to
ISU’sindoor spawning fecilitiesin fall

2000.

The ISU pond study will continue through
July 2001. At that time, the pond will be
drained and the fish harvested. Production
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parameters, e.g., SGR and find fish weight,
will be collected and reported.

ISU researchers began a second 16-week
growth trid (using recycle systems) Jduly 27,
2000 with the larger 70% of the population
from thefirg growth trid. Once again,
bluegill and hybrid sunfish (50:50 by
weight) will be grown together in arecyde
system a ambient oxygen at initid dengties
3-8 g/L (0.03-0.07 Ib/gd) to determine the
optima dengity for grow out to food Sze.
The experiment will not only describe
optima dengties a smilar loading (0.2
kg/Lpm; 26.7 Ib/Lpm), but also whether it
verifiesthe findings of the fird trid thet
showed a mediating effect of dendty on
bluegill but not hybrid bluegill. At theend
of the 16-week growth trid, research will
focus on data analysis and report writing.

UM researchers will continue to sample
growth responses of hybrid sunfish in the
three treatment groups through the end of
the project period and possibly beyond if
market sizes have not been reached by a
subgtantia portion of the stocked fish in the
best performing ponds. Data are aso being
collected on amounts of feed provided to
each pond. These datawill be used to
evauate gross feed converson ratios which
will be compared across pond groups. Upon
completion of the project, fina numbers of
hybrid sunfish and weight structures
(induding those fish that may have been
removed due to having reached market sze)
will be determined for each pond for inter-
group comparisons.

IMPACTS

Many fish producers throughout the North
Central Region (NCR) carry out rearing of
bluegill and hybrid sunfish for pond
gocking. Substantid interest dso exigsin
rearing bluegill and hybrid sunfish for the
food-fish market, with afew producers
doing this at present. Development of
procedures that help to reduce the grow-out

periods for food-market fish is expected to
markedly increase the economic feasbility
of railsng sunfish for this purpose. If
successtul, increased involvement in rearing
sunfish for food markets would be expected
among NCR fish producers.

The age-1 bluegill showed poor growth in
the SIUC production ponds. Thus,
production of edible-size bluegill based on
the technique (3-year production cycle)
being evaluated does not appear promising.

Findings with hybrid sunfish, however,
showed congderable promise. An average
exceeding 229,808 YQY hybrid sunfish/ha
(93,000/acre) was produced with minimal
management effort during Year 1 of the
planned 3-year production cycle. Thus,
sufficient fingerlings were produced in a
sngle acre to stock more than 20, 0.4-ha (1-
acre) ponds at the stocking dendties (12,000
fish/haor 4,858 fish/acre). Based on
previous SIUC sudies, it should be feasible
to produce edible-size (>2.27 g; 0.5 1b)
hybrid sunfish during Y ear 3 of the 3-year
production cycle.

The findings from the ISU recycle sudy will
provide information on the relative
capacities of hybrid bluegill and bluegill to
be reared economicdly to market Szeasa
food fish and the comparative merits of
bluegill versus hybrid bluegill. Bluegill
growth rate, depending on density, isequd
or gregter than that of hybrid sunfishin
intensive culture; however, the hybrids were
less prone to bacteria disease when first
transferred from culture ponds to the
laboratory. Hybrid sunfish fingerlings,
however, may be more expensve than
bluegill because the producer must have
separate ponds for bluegill and green sunfish
brood stock to produce the hybrids.

PUBLICATIONS, MANUSCRIPTS,
AND PAPERS PRESENTED

See the Appendix for acumulétive output
for dl NCRAC-funded Sunfish activities,
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SUPPORT
NCRAC. OTHER SUPPORT
YEAR FLEJNSDDI'?\IG UNIVER- |\ NpusTRY OTHER | o1HER | TOTAL SJF?JOA%
SITY FEDERAL
1999-01 $116,850 | $118,829 $118,829 $235,679
TOTAL $116,850 | $118,829 $118,829 $235,679
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Progress Report for the Period
September 1, 1997 to August 31, 2000

NCRAC FUNDING LEVEL:  $160,000 (September 1, 1997 to August 31, 2000)

PARTICIPANTS:

Paul B. Brown Purdue University Indiana
Konrad Dabrowski Ohio State University Ohio
Dondd L. Garling Michigan State University 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, Wisconsin
Madison
David Mudller Rushing Waters Fisheries, Inc., PAmyra Wisconsn
David A. Smith Freshwater Farms of Ohio, Inc., Urbana Ohio
Brad Strahm Wenger, Inc., Sabetha Kansas
Kathy Warner Nationd Center for Agriculturd Utilization, lllinois
ARS, USDA, Peoria
Y. Victor Wu Nationa Center for Agriculturd Utilization, lllinois
ARS, USDA, Peoria
M. Randdl White Purdue University Indiana
PROJECT OBJECTIVES (2) Evauate the effects of water
(1) Develop and evaluate practical and temperature on the growth/stress
economicaly vigble diets that are fish response in samonid strains or species
mesdl free or asfish med freeas (aslisted in Objective 1) under outdoor
practical: commercid culture conditionsin the
» using soy, or other oil-seed products upper and lower portions of the North
that are regiondly available, and Centra Region.
» using Shagta, Donddson, and
Kamloop strains of rainbow trout (3) Investigate the effects of trace minera
and/or Arctic charr for the supplementetion on the growth and
evauation. gress response of rainbow trout in high

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 all of the third are contained in the 1996-97 Annual Progress Report. This progressreport isfor the
fourth project, which is chaired by Paul B. Brown. The fourth project built upon the first three projects. It was
originally a 2-year study that began September 1, 1997.
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dengty culture, as evauated by plasma
cortisol levels and fin nipping behavior.

ANTICIPATED BENEFITS
OBJECTIVE 1

The mgor cost in aquaculture of sdmonids
isthe cost of feed and, more specifically,
highly priced fish medl. Therefore,
replacement of fish med protein with
proteins of Smilar biologicd vaueisthe
most desired god in the culture of
carnivorous fishes. Decreasing pollution
due to leaching minerds/nutrients
(phosphorus and ammonia) should be
achieved Smultaneoudy with changesin
diet formulations. In addition, feedstuffs of
fish origin have been subject to dramatic
price fluctuations. Significant new
production of fish and shellfish will place
drains on the supplies of fish med and ail in
the future. Further, fish med is one of the
more difficult feed ingredients to trangport
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. Thisline of research will result in
diet formulations that are lower in cod,
which will reduce overdl production costs;
the formulas can be taken to local feed mills
and thus reduce trangportation costs. This
component of the project was designed to
continue research on new dietary
formulations for rainbow trout and, if
possible, to extend those to additiona
grains and species. These formulations can
be used by producersin the NCR and
provide the impetus for regiond dietary
manufacturing using locd ingredients.

North Centra Regiona Aquaculture Center
(NCRAC)-funded research has shown that
pretrestment of plant feedstuffs with the
enzyme phytase can help improve utilization
of phogphorus and nitrogen in limited fish

med and al-plant diets for rainbow trout.
In addition, insulin-like growth factor (IFG-
1) levels can be used as arapid indicator of
nutritiona statusin rainbow trout.

OBJECTIVE 2

These studies will provide detailed
information on the growth and stress
responses of Kamloops and Donaldson
grains of rainbow trout and Arctic charr
reared under therma conditions typicaly
found in the NCR. Regiona salmonid
producers will be able to use this
information to determine which of the three
pecies/strains can be best utilized at thelr
operation (i.e., under their specific therma
conditions) to maximize productivity and
profitability.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

OBJECTIVE 1

Researchers a Purdue University (Purdue)
developed a new series of 10 experimental
diets and fed those to Shasta strain rainbow
trout of 52 g (1.8 0z) initid weight. Weight
gain, feed intake, feed converson ratio, and
gpecific 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. In the past year, another
study was completed using rainbow trout
that compared a variety of lipid sourcesin
practical diets. Thelipid sources evauated
included fish ail, canola ail, solvent-
extracted soybean oil, cold-pressed soybean
oil, and flax ail. In addition, each oil was
evauated asa 1:1 mixture with al possble
combinations of lipid sources. Weight gain,
feed consumption, and feed conversion
ratios were not sgnificantly different anong
dietary trestments. Tissues are being
andyzed for their fatty acid concentrations.

Two feeding experiments & Ohio State
Universty (OSU) were carried out in the
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last phase of the project. Firgt, a 16-week
feeding trid was conducted to examine the
feeshility of usng afish med andog

(FMA) asafish med replacement in diets
for juvenile rainbow trout. Fsh 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
conssted of 25% of meat and bone med,
24.5% of leather meal, 20% of squid liver
powder, 15% of feather meal, 7.5% of blood
medl, 7.5% of poultry by-product med, and
0.25% each of methionineand lysine. Fish
began to show differencesin growth rate
from the eighth week followed by
sgnificant differences a the 12" and 16™
weeks. At thefina 16™ week weighing, fish
fed diets FMA40, FMAG0, and FMA100
exhibited sgnificantly lower weight gain,
feed efficiency, protein efficiency ratio, and
specific growth rate than fish fed FMA20
and 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 differencesin 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 fish med protein subgtitution in
dietsfor juvenile rainbow trout without
adverse effect on growth rate and
hematologicd indicators.

In the second experiment at OSU, fish medl
protein was replaced partidly or entirely
with amixture of anima by-products

and/or plant protein mixtures (soybean and
cottonseed medls). Fish averaging 0.96 g
(0.034 0z) were divided into 18 groups
(three replicates per diet). Six diets were
formulated as follows (expressed as %
protein): (1) control diet = 100FM; (2) APM

50 =50 APM + 50 FM; (3) APM100 = 100
APM; (4) CM-CA =25 CM (Cdifornia
product) + 25 SM + 50 APM; (5) CM-TN =
25 CM (Tennessee product) + 25 SM 50
APM; and (5) CM-AR =25 CM (Arkansas
product) + 25 SM + 50 APM. The results of
the weight gain and feed efficiency showed
that fish med can be entirely replaced by a
mixture 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,
respectively). 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 the CM-TN and
CM-AR diets than those fed the CM-CA
diet. The percentage of dietary gossypol
accumulated in the whole body indicated

that the mgority of this substanceis

excreted in feces. The gossypol isomer
sectively accumulated in liver and bileis
the (+) isomer, whereas equa proportions of
(+) and (-) isomerswere found in diet,
whole body, and feces. Thefindings

suggest that afish 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
experimental or reference diets were
randomly assgned. Dietary treatments
consgted of: (1) negative reference (sub-
optimd protein), (2) postive reference (fish
meal based), (3) soybean medl subgtituted-
untreated diet, and (4) soybean medl
subgtituted-pretreated with phytase.
Experimentd diets were formulated with
35% crude protein, protein to energy reatio of
100, and vitamin and minerd premixes
added to meet the requirements of the fish.
The animals were given a two-week
acclimation period prior to the sart of the
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study to alow them to adjust to their new
surroundings and feeding regime. Diets
were fed three times a day to three replicates
of 16 fish per treatment for aperiod of 10
weeks. Feed rates were calculated on a
percent body weight basis, which was
determined during the two-week acclimation
period by feeding the fish to satiation. Fish
were weighed every two weeks and feed
rates were adjusted according to weight
gan. Initid findings showed that phytase
pretrestment of soybean med sgnificantly
increased weight gain and protein deposition
above the fish meal based diet and
ggnificantly improved feed conversion

ratios. Results from this study were
presented at the World Aquaculture Society
meeting in Sydney, Audrdiain April-May
1999. The data showed that phytase
pretrestment of plant productsin diets
increased growth significantly above fish
mesdl diets. The data also showed that
without phytase pretrestment, diets could be
formulated that were not significantly
different from fish med diets. The IFG-
isolation procedure was also refined to work
on rainbow trout. A study on dietary iron
retention in rainbow trout was dso
completed.

Studies at MSU were designed to evauate
the potential of enzymeétic pretreatments of
plant feedstuffs (e.g., soybean products) to
enhance the availability of phosphorus and
nitrogen to a common drain of rainbow
trout and arctic charr. Standard production
parameters (growth, feed conversion,
protein deposition, etc.) and |GF-I
technology will be used to identify the
impacts of dietary treatments. Researchers
have had sgnificant difficulties with the
MSU Aquaculture Lab during the last year.
Grow-out experiments with rainbow trout
were initiated five times between September
1999 and August 2000. Wdll failure, power
outages, and phone darm falures resulted in
near totd mortdities of fish in the grow-out

dudies. The wdlsand darm systems have
been repaired. A sixth grow-out study with
rainbow trout wasinitiated in mid August.
Three fish per tank have been sacrificed
every two weeks. Blood samples have been
collected via cauda puncture and fish were
dissected to collect muscle, liver, and kidney
samples. The samples were frozen in liquid
nitrogen and have been stored at -80°C
(-112°F). Thegrow-out study will be
completed by late October 2000.

OBJECTIVE 2

The plan of work in theinitia proposa was
to conduct studies on Arctic charr and
Donadson strain rainbow trout a Rushing
Waters Fisheries, Inc., PAmyra, Wisconsin.
By thetime of initiation of the project,
however, Rushing Waters personndl
determined that they would be unable to
conduct the study. Accordingly, as per the
backup plan detailed in the origind
proposd, the Arctic charr study was
conducted at the Universty of Wisconsin-
Madison (UW-Madison) campus.

In March 1998, gpproximately 120 Arctic
char (average tota length 160 mm [6.3in],
weight 31 g [1.1 oz]) and 100 rainbow trout
(averagetota length 150 mm [5.9in],
weight 34 g [1.2 0z]) were obtained from
Rushing Waters Fisheries, Inc., PAmyra,
Wisconsin, and Trout Haven, Bryant,
Wiscongn, respectively. The fish were held
in 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
transferred into each of four 120-L (32-gdl)
flow-through tanks (two tanks of rainbow
trout, two of Arctic charr). Over the next
two weeks, the water temperature was
gradudly 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, Sx
fish from each tank were quickly removed,
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anesthetized, and bled via the cauda
vasculaiure. The remaining fish were given
an acute giress challenge test by holding
them out of the water for 1 min, then
randomly placing them into separate tanks.
Groups of Sx fish were then netted,
anesthetized, and bled at 1, 3, and 24 hr
following the stressor.

In October 1998 UW-Madison researchers
vaidated the cortisol enzyme linked
immunosorbent assay (ELISA) for use with
Arctic charr serum and andlyzed the samples
in November. Prdiminary resultsindicate a
ggnificant difference in cortisol
concentrations over time between fish held

at 10°C (50.0°F) and 15°C (59.0°F) (mostly
dueto differences in basdine [time O

cortisol concentrations), but no sgnificant
difference in stress respons veness between
rainbow trout and Arctic charr.

In spring 1999, Freshwater Farms of Ohio,
Inc., Urbana, Ohio stocked Shasta and
Donaddson rainbow trout in an outdoor
raceway and have been monitoring the
growth, survival, and incidence of disease.
The experiment was completed in October
1999 when the cortisol stress response was
measured in fish subjected to an acute stress
chdlengetest. The Donddson trout had a
ggnificantly lower cortisol stress response
compared to the Shastatrout. At both time
0 (basdline, resting) and 3 hr post-siress,
cortisol levelsin the Donddson strain were
lower thaninthe Shagtadrain. Itis
concluded from these data that Donaldson
trout may be more resstant to the harmful
effects of stressthan Shagtafish.

OBJECTIVE 3

A guestionnaire was designed by MSU
researchers to evauate the extent and impact
of trout fin nipping/erosoninthe NCR. The
guestionnaire was reviewed by two MSU
socid scientists with expertise in survey
methods and by three NCRAC extension
contacts. Minor revisions 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
sate. 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 was rated
asno or aminor problem without Sgnificant
economic impact by 30 producers (88%)
who responded by mail and by those who
participated in phoneinterviews. Two
producers each indicated a moderate or
severe fin nipping/erosion problem.

Because so few producers indicated that fin
nipping/erosion was a problem, causes of
their problems could not be identified.

WORK PLANNED

OBJECTIVE 1

Purdue researchers will complete the
andytica work associated with their most
recent study.

IGF-I/RNA grow-out studies conducted at
MSU with rainbow trout will be completed
by late October 2000. Blood and tissue
samples were frozen in liquid nitrogen and
have been stored at -80°C (-112°F). IGF,
IGFBP (Insulin-like Growth Factor Binding
Protein-3), and RNA/mRNA will be
measured to determine thelr utility as
indicators of nitrogen balance and protein
accretion in the rainbow trout.
Concentration of total and free IGF-I in
serum will be measured by
radioimmunoassay. Free IGF-I will be
measured without remova of IGFBP and
total G-I will be measured after remova
of IGFBP by formic acid-ethanol extraction.
Rabbit anti-human IGF1 will be used asthe
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antibody, and iodinated recombinant human
IGF-I asthetracer. Relative concentrations
of IGFBP in serum will be examined usng
western blotting if primers are available.
Reative concentrations of various |GFBPs
will be determined by densitometry after
separation on SDS-gel. Researchers at MSU
have demonstrated that these methods work
for determination of rainbow trout |GF-I.
Other assays specificaly developed for
samonids may be used to increase assay
sengtivity such as protein binding assay
gpecific for rainbow trout or use of
recombinant salmon or trout |GF-I.

Tota RNA from muscle and liver tissues
will be prepared at MSU by the method of
VandeHaar. Specific mRNA will be
determined by northern blot after
hybridization to **P labeled human IGF-
cDNA.

Concentrations of tota and free IGF-I in
serum and totd RNA from muscle and liver
tissues will be compared at MSU between
fishesfed reference and phytase treated
diets.

OBJECTIVE 2

Growth and gtress response data from Shasta
and Donaldson rainbow trout will be
andyzed and summarized, and afind report
detaling the two experiments will be
prepared.

IMPACTS

OBJECTIVE 1

Grow-out diets thet are free of fish med
have been developed and tested in Shasta
drain rainbow trout a Purdue. Fish fed two
formulations exhibited responses that were
not Sgnificantly different from fish fed a
control diet. Results from thisresearch are
being used in the NCR as the basis for new
dietary formulations using regiond feed
ingredients that are manufactured in this
region. The advantages of this gpproach

should be to reduce cost of feeds and
improve profitability of agquaculture
operations.

Research at OSU has provided strong
evidence that a diet with 15% cottonseed
med, 15% soybean med, and 20% animd
by-product meal can be used to produce
grow-out diets for rainbow trout without
compromising growth rate or hedlth
indicators (liver higtology). Taking into
account current prices for fish med
($0.02/kg or $560/ton) and cottonseed meal
($0.15/kg or $140/ton), this replacement
should make condderable difference in feed
costs. It isrecommended, however, that
cottonseed medls 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 water qudity of streams
receiving water discharge from fish farms.
This research will demongrate that phytase
can be used to improve utilization of P and
N and that IFG-I can be used asarapid
indicator of nutritiond statusin rainbow
trout.

OBJECTIVE 2

The identification of additiond trout Srains
or species which can be reared under sub-
optima thermd conditionsin the NCR will
maximize productivity and profitability of
aguaculture facilitiesin theregion. In
addition, the availability of rainbow trout
grains or species with improved growth
rate, feed conversion, and disease resistance
will grestly improve the production
efficiency of private and public fish
hatcheries throughout the region.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

See the Appendix for acumulative output

for al NCRAC-funded Samonid activities.
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SUPPORT
NCRAC- OTHER SUPPORT
YEARS FLEJNSDDI'?\IG UNIVER- |\ NpusTRY OTHER | o1HER | TOTAL SJF?JOA%
SITY FEDERAL
1997-98 $80,403 $92,640 $23,500° $23,750° | $139,890 $220,293
1999-00 $79,597 $89,145 $23,500° $23,750° | $136,395 $215,992
TOTAL $160,000 |  $181,785 $47,000 $47,500 | $276,285 $436,285
30hio State University Korean Project
®National Cottonsead Products Association
Annual Progress Report 1999-00 Page 59



NORTH CENTRAL REGIONAL AQUACULTURE CENTER

Annual Progress Report 1999-00 Page 60



WASTESEFFLUENTS"

Project Component Termination Report for the Period
September 1, 1996 to August 31, 2000

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

PARTICIPANTS:

IraR. Addman Universty of Minnesota Minnesota

Fred P. Binkowski Univerdty of Wisconsn-Milwaukee Wisconsin

Christopher C. Kohler Southern Illinois University-Carbondde lllinois

I ndustry Advisory Council Liaison:

Harry Westers Aquaculture Bioengineering Corporation, Michigan
Rives dunction

Extension Liaison:

LaDon Swann Purdue University lllinoigIndiana

Non-Funded Collaborators:

Antony Grabowski Milwaukee County House of Correction Wisconsn
Fish Haichery

John Hyink Glacid Hills, Inc/Alpine Farms, Wisconsin
Sheboygan Fdls

Jeffrey A. Mdison Universty of Wisconsn-Madison Wisconan

John Wolf Glacid Hills, Inc/Alpine Farms, Wisconsin
Sheboygan Fdls

REASON FOR TERMINATION physical characteritics of these

The objective for this component of work on pellets to those in subobjective g, and

Wastes/Effluents was completed.
(c) developing operationd and

PROJECT OBJECTIVE enginegring solutions to minimize
(1) Study and evauate solid waste destruction of larger particles and to
management by: remove d| particulates.
(8 describing the relevant physica PRINCIPAL ACCOMPLISHMENTS
characteristics of feca materia from OBJECTIVE 1A
fish fed commonly used commercial The godl of this objective was to
feeds, characterize these relevant physical
o . characterigtics of wastes produced by
(b) developing diets to maximize severd dternative species of food fish
integrity of fecal pellets without loss reared by aguaculturists in the North Central
of fish performance and compare the

“NCRAC has funded two Wastes/Effluents projects. The termination report for the first project is contained in
the 1989-1996 Compendium Report; atermination report for one of the two objectives of the second project is
contained in the 1998-99 Annual Progress Report. This project component termination report isfor other objective
of the second project, which is chaired by Fred P. Binkowski. It wasoriginally a2-year study that began September
1, 199.
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Region (NCR) when they are fed
commercidly avallable diets

Southern Illinois University-Carbondae
(SIUC) invedtigators found that fecd form
and integrity vary asafunction of the
species being cultured. Nile tilgpia produce
along, tubular feca pellet that frequently
floats. Thelength of tilgpiafecd pelets
results in frequent feca pellet ruptures
associated with entanglement in plumbing,
projectionsin the culture tanks/fecal
collectors, aswdl as with the fish
themsdves. Ydlow perch and largemouth
bass usudly produce feces conssting of
smaller, round pellets that are extruded
either Singly or as attached pellet masses.
Individua pellets are very resgtant to
mechanica stress but the break-up of
bunches often results in many individud
pellets spilling their contents. Rainbow
trout and hybrid striped bass produce short
feca pelletsthat can best be described as
loose and eadily ruptured. Rainbow trout
pellets reedily fal through the water column
but even the dightest mechanicad dressto
their outer membrane could cause rupturing
and spilling of thelr contents. Hybrid
gtriped bass feces seldom retain their pellet
structure long enough to hit tank bottoms or
to reach the collector sample holder. Based
on our observations of hybrid striped bass
defecation, most of the fecal materia
disperses asit is extruded from the anus.
Fecd materia collected for hybrid striped
bass is probably not representative of feces
in the rectum or asit is expelled.

Univergity of Wisconsn-Milwaukee (UW-
Milwaukee) researchersinvestigated the
variation of the physical properties of
freshly deposited feces generated throughout
the intensve tank production cycle of
ydlow perch a commercid rearing
dengties and grow-out temperature
(18-23°C; 64.4-73.4°F), using typical
commercidly available feeds. The growth

stages of ydlow perch examined included:
(1) perch approaching market size
(approximately 100-150 mm [3.9-5.9in]
totd length) and fed Zeigler Bros. Trout
grower, (2) mature perch at marketable sizes
(>150 mm; >5.9in) fed Zeigler Bros. Trout
grower, (3) advanced fingerlings (50-100
mm; 2.0-3.9in) fed Zeigler Bros. Sdmon
darter, and (4) young fingerlings (25-75
mm; 1.0-3.0 in) habituated to feed
exclusvely on Biodiet #2 Sarter feed.

Ovedl, the size of freshly deposited feca
pellets (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) inlength. Median fecd pellet
diameterswere 0.7 mm (0.03 in) (N = 344),
1.6 mm (0.06 in) (N = 240), 2.6 mm (0.10
in) (N =182), and 3.2 mm (0.13in) (N =
121) for perch in the Size categories of
25-75 mm (1.0-3.0in), 50-100 mm
(2.0-3.9in), 100-150 mm (3.9-5.9in), and
>150 mm (>5.9in) totd length,

respectively. The corresponding median
lengths of intact fecd particlesfor these Sze
categorieswere 4.8 mm (0.19 in), 4.0 mm
(0.16in), 6.7 mm (0.26 in), and 5.4 mm
(0.21in), respectively. Fingerling perch on
the Biodiet feeds tended to have longer feces
in relation to their diameter and the feces
tended to lack the multifolded rough
character of the pellets of larger szed perch
fed the Zeigler feeds.

UW-Milwaukee investigations characterized
the settling velocities of representative
individud fecal and food particles by direct
observation in a 180 cm (70.9 in) high
eitling column (10-cm [3.9-in] diameter).
As anticipated by Stoke's Law, settling
velocities increased with increasing particle
Sze and dengty. Settling velocities for
fecesincreased gradually over arange of
0.4-5.0 cm/sec (0.16-1.97 in/sec) (N = 204)
with increesing fish 9ze. The settling
veocities of the intact food granules and
pellets were higher (5.0-16.0 cnm/sec;
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1.97-6.30 in/sec) than settling vel ocities of
feces of amilar diameter, except for the
gmadler granules of Biodiet #2 Sarter and
feces of the fingerling perch with diameters
<1 mm (<0.004 in) and settling 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),
repectively. This difference mainly reflects
the higher dengity of the pelletized food
compared to the less dense fecad materia
after passage through the digestive tract.

UW-Milwaukee researchers determined the
overdl mean specific gravity of collected
perch waste, using standard gravimetric
techniques. The mean specific gravity of
waste was found to be 1.055 + 0.019 (N =
36) after centrifugation and 1.029 + 0.013
(N = 24) without centrifugation.
Differencesin specific gravity of feces
based on the type of food used were not
detectable. It appeared that these mass
techniques might creste uniform conditions
due to congstent packing of the materid,
whileindividud fecd particdes can vary
considerably in compactness and durability.
Measuring settling velocities of actud
particles directly in a settling column was
probably more representative of actual fecal
settling rates, than using a representative
vaue for specific gravity to infer sattling
rates usng Stoke'sLaw. Individua feca
particles appeared to be heterogeneousin
degree of compaction and probably vary in
Specific gravity, while specific gravity of
larger masses of collected waste may be
influenced by collecting and compaction
techniques. The overdl specific gravity
vaues basad on centrifugation of alarger
sample centrifuged are probably not
representative of the dengity of individua
particles. 1t may be better to measure the
ettling velocity and calculate specific
gravity usng Stoke's Law and to use these
vaues to make further estimates of settling
velocities.

To characterize durability of perch fecd
wagte, amethod was employed utilizing
larger samplesthat are subjected to varying
durations of agitation in Erlenmeyer flasks
on an orbital shaker table and then settled in
Imhoff conesfor visudly determining the
percentage of Hill intact settlesble feca
solids. With this technique it was found that
the feces of the larger perch fed Zeigler
grower and salmon Sarter diets rapidly
decreases from 60-80% intact materia to
around only 20% of the durable type of
intact fecal materid after only 5-60 sec of
agitation a 300 rpm, while fecd materid of
fingerling perch fed Biodiet #2 Sarter dso0
started out 70-80% intact and tended to
remain around >60% intact even after 240
sec at 300 rpm.

Some of the larger feca pellets appeared to
cons st of aggregations of smaller pieces of
meateriad approximately 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
itself and compressed into alarger diameter
rough surface pellet. 1n somefecd pellets
the proportion and durability of the outer
casing appeared to vary in thicknessand a
relatively smdl proportion of fine materid
wasinddethiscasng. 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 finey milled
materid. Some fecd pellets tapered dong
ther length from wide eeslly fridble

character to the more durable grayish cas.

Thefineness of the milling of the various
commercia feed ingredients appeared to
influence the durability of the fresh feca
materid. The coarser “fines’ in the grower
diet fed to the larger-sized perch appeared to
give the fecd materid amorefriable
condgency. Thefindy milled ingredients
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of semi-moist sarter diet fed to the
fingerling perch produced smaller diameter
and proportionately longer fecd pdlets.
This greater length of the fingerling feces
suggedts a greater resistance to mechanical
agitation and further breskdown, but the
overdl smdler Szeresulted in lower settling
rates.

OBJECTIVE 1B

Feed composition may dter the physica
properties of feca wastes and, consequently,
affect their remova from fish culture
systems. Severd dietary approachesto
waste management in aguaculture have
potentid. Reducing the phosphorus content
and improving the efficiency of utilizetion

of feed nutrients by fish is currently an
activefidd of investigation. Another
gpproach isto ater the durability of food
pellets and resultant feca materid through
changesin diet compaosition.

A common drategy in the pet food industry
isto formulate diets high in certain fiber
sources to produce firm stools. SIUC
investigators examined the use of high fiber
content (>5%) in fish dietsasameansto
increese feca gability in water to facilitate
mechanica removd in intengve rearing
systems. Fish species, fiber source, and
fiber level were found to affect the ability of
feces to endure mechanica stress. Nile
tilgpia feces did not respond favorably to the
highest fiber levels (18%), particularly sugar
beet pulp. The dringy tilapia feceswere
prone to break and spill their contents when
distended with the higher fiber levels.
Largemouth bass fecd integrity appearsto
be enhanced by the addition of beat pulp (8
and 18%) and decreased by 18% cellulose or
no added fiber. Ydlow perch fecal integrity
appears to be enhanced by modest amounts
of beet pulp (8%). Rainbow trout hybrid
gtriped bass fecd integrity was not enhanced
by dietary fiber manipulation, but collected
volume did appear to increase with dietary

fiber levels. Rainbow trout and hybrid
striped bass fecd integrity appeared to
increase with increasing sugar beet fiber
level but differences were not significant.
Hybrid striped bass fecd integrity tended to
decrease with increasing levels of dietary
cdllulose but differences were not
ggnificant.

Growth trids with Nile tilapiaand hybrid
striped bass have indicated that dietary fiber
level manipulation in the range of O to 18%
using semi-purified formulations does not
affect growth rates or body composition,
regardless of fiber type. Growth response of
hybrid striped bass on dl dietary trestments
was less than ided in this study, with this
being attributed to low dietary protein
and/or energy content of the basal diet used
in this sudy.

Commercid diets currently used for various
gpeciesin the NCR vary in the nature of
ingredients used and might influence fecd
characteristics. SIUC evaluated several
commercidly avalable dietsin terms of
their affect upon feca integrity of hybrid
driped bass. Variables considered include
dietary percent crude protein (% CP) and
percent fiber (% F). Thelist of diets
includes FishBelt (40% CP: 4% F);
Silvercup (40% CP. <3% F); Arkat (36%
CP: <5% F); FishBelt (35% CP: <7% F);
Aquamax (32% CP: <5% F); and FatCat
(32% CP: <7%F). Dietary fiber levels
ranged intermediate between the control and
8% used in the dietary fiber manipulation
trids Thefiber of commercid digtsis
largely of grains (soybeans, corn, and
whest) versus cdlulose and sugar beet pulp
fibers from vegetative structures. Feca
production in response to the commercid
diets did not result in fecd integrity
differences that were Sgnificant. The very
fragile fecd materid of the hybrid striped
bass makes fecal recovery difficult. Feca
materid collected and assayed islikely to be
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the most coherent materia extruded but not
necessarily the most representative. Feeding
rates of 3% produced far less collectable
feces with the commercid diets than with
any of the experimentd diets.

UW-Milwaukee investigators compared the
effect of a“high-energy” versusa“grower”
type commercid diet formulation on the
physica properties of yellow perch feces.
The sze digributions of fecd pellet
diameters and lengths from perch fed elther
diet overlapped considerably. The settling
velodities of individud fecd pellets
produced by fish fed the high-energy diet
were dightly but consstently lower than
those produced by fish fed the “grower”
diet, suggesting that the higher lipid content
may have resulted in less dense feces. No
difference was demongtrated in the specific
gravity of the gathered and centrifuged fecal
dudge samples produced from these diets.
This result was attributed to the ingbility of
measurements of specific gravity based on
larger collected samples of waste to
represent differencesin individud fecd
pellet dendities. The higher lipid content of
the “high energy” diet gppeared to dso
lower the resstance of the fecal materid to
mechanicd action. During agitation at 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 20 min of agjtation, the “high-energy”
diet feces gppeared to remain dightly less
intact as a percentage of the settleable
materid in Imhoff cones.

These differencesin fecd characteristics
suggest that feces produced by fish fed the
“high-energy” diet are more likely to bere-
suspended by turbulence in the fish rearing
tanks and bresk up into smal-sized
suspended particles dightly more reedily
than those produced from the “grower” diet.
The sdttling velocities of fecd materid are
important for rgpid collection and removad.

Interestingly, by using highly digegtible
nutrient dense formulations to reduce waste
output by the fish, fecd properties might

aso be dtered in ways that make them more
reedily broken down and consequently more
difficult to settle and remove. Strategiesto
reduce the output of waste by increasing the
digedtibility and incorporation of dietary
nutrients into fish flesh may have trade-offs
in the settlesbility characterigtics of the fecd
material produced. A combined strategy
conddering feed formulation and resulting
fecd settling properties that influence
engineered remova of biosolids may result
in more effective waste remova.

OBJECTIVE 1C

Optimum culture system design and
operation isinfluenced by a broad array of
physica and biologicd variables. From the
perspective of waste removal, some relevant
factors are culture system geometry and
hydraulic flow petterns, weter flow and
exchange rates, rearing densty and loading,
feeding procedures, and waste properties.
Knowledge of fecd water stability, specific
gravity, and settling properties provide
useful guidesfor the design of waste
removd in avaiety of intensve culture
gtuations.

For single-pass and flow-through situations
solids removal needs to be done before
discharge as effluent to avoid eventud
impact. Engineering srategies amed at
removal or recovery of biosolids from
aquaculture rearing facilities mugt am to
separate solids before they are further
broken up. Given thefragility of these
particles, it ssemstha usng the fish rearing
tank itself as a settling unit is the mogt rgpid
means of accomplishing this with minimal
mechanica disturbance.

In recirculaion systems design, the
opportunity for mechanicad breskdown is
increased due to the need of pumping to
control circulation through the system, and
settling and durability of waste particlesis
more critical because the residence time of
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smd| patideswill be longer if initid
removd isunsuccessful. Where possibleit
iseven more critica in Sngle-pass sysems
to rapidly separate and remove solids before
they are subjected to mechanica
breakdown. Separation and side-streaming
of asolid waste from the main, more
turbulent, recirculation flow (aswith a
double drain or low head sphoning remova
of wadte) is advantageous for avoiding
mechanical breskdown of solid waste.
Clogging of sysem components will
influence their performance. The bulk of
suspended particulate materia that builds up
over timein arecycle syssem has adiameter
of <20 um. Particles of that Sze have such
low settling rates that they are impractica to
remove by gravitationd methods. Typica
mechanica screens and filters are desgned
to remove particles >80 um, and particles of
this Sze generdly pass through biologica
filters. Greater economy and efficiency of
wadte removd is achieved when alarger
proportion of waste isremoved beforeit is
broken down to these small-sized particles.

When sdlecting trestment options for
nitrification, aeration, disnfection, or the
removd of larger solids (>50 um), the
producer is able to choose from awide
variety of sysem components. These range
from ample sattling basins for the largest
particles to microscreen filtration as the Sze
decreases. A considerable amount of
research effort has been expended on the
development of these components and their
effect on related water qudity. In contrast,
relatively little effort has been put forth on
the effects and characterization of solidsin
recirculating aguaculture systems and the
remova of smaller suspended solid particles
(<20 pm).

Information about the effect of typica
recirculating aquaculture system suspended
solids on the growth of fishislacking in the
literature. These data are needed as part of
the effort to develop operational and
engineering solutions to the problem of solid
waste management.

University of Minnesota (UM) researchers
conducted a Sx week growth trid to
determine the effect of recycle system
suspended solids on the growth of Nile
tilgpia and bluegill in recycle systems.
Suspended solids in recycle systems consist
of uneaten food particles, fecd materia, and
bacterial biomass. In order to duplicate
conditions found in actud recirculaing
aquaculture systems, the water supply for
the growth trid wastaken froma11.3 n??
(3,000 gd) production tank stocked with
Niletilgpia Therotating drum microscreen
was removed from the production tank to
alow enough solids to accumulaein the
tank to give an adequate range for testing.
Water was taken from the production tank
and divided into two flow streams. One
stream was distributed to randomly selected
growth tria tanks as the 100%
concentration. The other flow stream was
filtered to provide particle-free water. The
particle-free water was then mixed with
100% production tank water to give varied
concentrations of total suspended solids
(TSS) in the remaining growth trid tanks.
The trestments salected were: 0, 25, 50, and
100% of production tank TSS concentration.

The literature suggests limitsfor TSSin
recirculating aquaculture systems varying
from 15to 80 mg/L (ppm). Thetarget leve
in the production tank was set a 80 to 100
mg/L (ppm) TSSto give an adequate range
for testing, but the actua value was
dependent on the amount of food the fish
would consume. During thetrid, the mean
TSS for the production tank was 76 mg/L
(ppm) and individua samples ranged from
18to 150 mg/L (ppm). Thelevelsof
suspended solids varied through the day and
over the course of the week. Generdly, the
TSS levelswere highest in the midweek
sample.

Leves of suspended solids in the trestment
tanks varied rdative to the levelsin the
production tank. No Statistical differences
were found between individua tank mean
TSS levels and the expected levels based on

Annual Progress Report 1999-00

Page 66



WASTES/EFFLUENTS

dilution. Statigticd differences were

detected for mean TSS level's between each
of the treatment groups for each species. In
the bluegill tanks, the mean TSSlevels

were: 1.86 mg/L £ 0.69; 16.48 mg/L + 1.87,
37.05mg/L £ 2.93; and 79.76 mg/L + 5.42
(ppm) inthe O, 25, 50, and 100% treatments,
respectively. In thetilgpiatanks, the mean
TSSlevelswere: 2.29 mg/L + 0.70; 19.38
mg/L + 2.51; 37.85 mg/L + 3.01; and 67.48
mg/L £ 4.76 (ppm) in the O, 25, 50, and
100% treatment, respectively.

All fish were weighed and removed from the
tanks 59 days after stocking. There were no
sgnificant differencesin surviva between
treatments for either species. The mean

find weightsfor thetilgpiawere: 84.29g +
1.00,85.2g+ 1.25,67.1 g+ 1.65, and 64.2
g+ 6.3 (2.97 £ 0.035; 3.005 + 0.044; 2.367
+ 0.058; and 2.265 + 0.22 0z) inthe O, 25,
50, and 100% tank, respectively. Pairwise
comparisons showed the mean weights at

the 100% levd to be different from those at
the 0 and 25% levels. The mean fina
weights for the bluegill were: 25.6 g + 2.30;
21.09+0.75;1879g+£ 1.75;and 14.0g +
0.60 (0.903 + 0.081; 0.741 + 0.026; 0.660 +
0.062; and 0.494 + 0.021 0z) in the 0, 25,
50, and 100% trestments, respectively.
Pairwise comparisons showed the bluegill
mean find weights at the 100% level to be
datidticdly different from those at the 0%
leve.

The dudering of the mean find weightsin
the tilgpia tanks suggest a threshold for the
trestment effect between the levelsfound in
the 25 and 50% tanks (19 mg/L [ppm] and
38 mg/L [ppm], respectively). In contrast,
the mean find weightsin the bluegill tanks
decresse in stepwise fashion with increasing
levels of TSS, suggesting the trestment had
an effect throughout the range of TSSin the
trid.

There are severd ddeterious effects of
suspended solids in recirculating
aquaculture systems including increased
biochemical oxygen demand, increased

ammonia through decompostion, dlogging
of filters and irritation of fish gills. The

UM study shows that elevated levels of
suspended solids also decrease fish growth.

IMPACTS

» Information on species-specific
vaiationsin the durability of feca
materia for yelow perch, tilapia, hybrid
striped bass, and rainbow trout fed
commercialy used diets has been
provided. The variationsin sze and
settling properties of ydlow perch waste
when fed commercialy used diets has
been described from small fingerling
sze through marketable adult. This
information on important NCR
aternative aguaculture species broadens
the base of information on waste
characteristics beyond that which
previoudy existed based principaly on
sdmonids.

» System design of settling basins and
clarifiers for important NCR dternative
aquaculture species can be improved
through the use of data gathered during
this project.

» Incorporation of fiber sources of apha-
cellulose and sugar beet pulp, when
supplied at levelsof O, 8, or 18% , can
promote better waste management and
do not appear to affect growth and
production of Niletilapia

» Information on levels of suspended
olids that affect tilgpia and bluegill
growth in recycle systems has been
provided.

RECOMMENDED FOLLOW-UP

ACTIVITIES

» Design and evduate rapid solids
remova devices, such as double drains
and low turbidity sde streaming, for
recirculaing aguaculture systems that
take into account species-related
differences in aquaculture waste fragility
and settling characterigtics.

» Compare waste removd efficiency in
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recirculating aguaculture systems where
ydllow perch and hybrid striped bass are

fed diets incorporating beet pulp with
those fed commercid low-fiber diets.
» Examinefecd integrity from yelow

» Determineif suspended solids of smdler
particle sze (5 t010 um) have a greater
effect on fish, as suggested by the

literature,

perch and hybrid striped bass fed diets PUBLICATIONS, MANUSCRIPTS, OR
with beet pulp fiber ground into various PAPERS PRESENTED
particulate Szes. See the Appendix for acumulative output
» Expand testing of the effects of for dl NCRAC-funded Wastes/Effluents
suspended solids on growth to other activities.
gpecies of interest.
SUPPORT
OTHER SUPPORT
vers | uson
UNIVER- OTHER SUPPORT
FUNDING STY INDUSTRY Feperal | OTHER | TOTAL
1996-00 $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"®

Project Termination Report for the Period
September 1, 1992 to August 31, 2000

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

PARTICIPANTS:
Robert K. Ringer
Rosdie A. Schnick

Michigan State Univergty
Michigan State Universty

Michigan
Wisconsn

REASON FOR TERMINATION
Based on a decision by the North Central
Regiona Aquaculture Center (NCRAC)
Board of Directorsto fund the pogition for
only a specified length of time which ended
May 14, 2000.

PROJECT OBJECTIVES

(1) Ensureeffective communications
among groups involved with
Investigationd New Animal
Drug/New Animd Drug Applicaions
(INADS/NADAS), including Canada.

(2) Seveasaninformation conduit
between INAD/NADA applicants and
the Food and Drug Administration’s
Center for Veterinary Medicine
(CVM).

(3) ldentify and encourage prospective
INAD participants to become involved
in specific investigationa sudies and
NADA approval-related research.

(4) Seek the support and participation of
pharmaceutical sponsorsfor INAD
studies and NADAs and coordinate
with INAD/NADA sponsorsto
achieve CVM gpprova more quickly.

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

(6) Identify exigting dataand remaining
data 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 activities.

PRINCIPAL ACCOMPLISHMENTS
Ringer was hired on a part-time basis as
Nationa Coordinator for Aquaculture INAD
Applications and served in that capacity
September 1992 to August 31, 1994. On
May 15, 1995, Schnick was hired on a
three-quarter time basis as Nationa
Coordinator for Aquaculture New Animal

*Ted R. Batterson serves as the facilitator for this multi-year project interacting with a steering committeein

overseeing the Coordinator’ s activities.
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Drug Applications (Nationa Aquaculture
NADA Coordinator) and on May 15, 1996,
her pogtion was increased to afull-time
basis and remained so throughout the
remainder of the NCRA C-supported time
frame.

NEW INAD/NADA SPONSORS

Schnick helped gain new INAD/NADA
sponsors for amoxicillin (INAD #9659 and
9853), 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), EarthTec™
(external microbicide, INAD #9996), copper
aulfate (externd microbicide, INAD #10-
046), Ovaprim™ (spawning aid, INAD #10-
040), fumagillin (myxozoan control, INAD
#10-106), gonadotropin releasing hormone
analog (spawning aid, INAD #10-087),
azamethiphos (sea lice control, INAD #10-
137), potassum permanganate (externa
microbicide, INAD #10-223), 17 «-
methyltestosterone (gender manipulation
agent, INAD #10-296), and Pyceze™
(external microbicide, INAD #10-366).

A magor breskthrough occurred in
developing anew, ord antibacterid for
aquaculture when Schering-Plough Anima
Hedth agreed to dlow the devel opment of
florfenicol as a broad spectrum antibacterid
for public and private aguaculture and asthe
mode ora drug for crop grouping research.

PROGRESS ON THERAPEUTIC DRUGS
| nternational Association of Fisheries and
Wildlife Agencies (IAFWA) Prgject Drugs
Currently, nearly dl technica sections
needed for gpprovals have been submitted
and/or accepted for: (1) copper sulfate for
control of Ichthyopthirius on catfish, (2)
formdin for contral of fungi on dl fish, (3)
hydrogen peroxide for control of fungi on
sdmonid eggs, (4) hydrogen peroxide for
control of externd flavobacteria infections
on gills of sdmonids, (5) oxytetracycline for
otolith marking on dl fish, (6)

oxytetracycline for control of columnaris
disease and coldwater disease on sdlmonids
below 9°C (48.2°F), and (7) oxytetracycline
for control of Aeromonas sp. on coolwater
fish. In addition, most of the data are
completed for the use of chloramine-T to
control mortaities associated with externd
flavobacterid infections on the gills of
sdmonids.

Therapeutants Other Than IAFWA Project
Drugs

There has been no recent activity on most
ord antibacterids because of antimicrobia
res stance issues—enrofloxacin,
erythromycin, and sarafloxacin; however,
there has been some activity on amoxicillin
and Romet-30. There has been no recent
activity on severd externa microbicides—
Cutrine-Plus™, diquat dibromide, Earth
Tec™, and quinine; however, there has been
some activity on Pyceze™ and sealice
controls, and trichlorfon was registered as a
“Specid Locd Need’ pesticidein severd
states to control predaceous insects,
zooplankton, and adult lernea.

PROGRESS ON ANESTHETICS
Aqui-S™

The sponsor, Aqui-S New Zedland Ltd.,
obtained a 21-day withdrawal period for
Aqui-S™ from CVM.

MS-222

Western Chemicdl, Inc. obtained an
approved NADA for MS-222 or tricaine
methanesulfonate (Tricane-S™) asan
anesthetic on November 21, 1997.

PROGRESS ON HORMONES

Human Chorionic Gonadotropin

Chorulon® (human chorionic gonadotropin,
hCG) was approved on September 7, 1999
by CVM as a sgpawning ad by intramuscular
injection for al fish and requiresa
prescription under the direction of a
veterinarian. This gpprovd is sgnificant
becauseit isthefirg origina approva since
1986 when formain was first approved for
fish and because it was gpproved for dl fish.
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Sponsors are active on severd spawning and
gender manipulation ailds—common carp
pituitary, 17 [3-estradiol, Ovaplant™,
Ovaprim™, and 17 «-methyltestosterone
(MT) and some are under early
development.

MEETINGSAND SPECIAL ACTIVITIES
The National NADA Coordinator

devel oped, implemented, and coordinated
the $12 million, eight-year IAFWA Project
for thelife of the project.

As Nationa NADA Coordinator, Schnick
organized and coordinated a major
INAD/NADA workshop in November 1995
under sponsorship of CVM that led to
increased communications between INAD
coordinators, better coordination of the data
generation for each drug, and consolidation
of several INADs.

CVM held a Joint Canadian-United States
Workshop on Jurisdiction of SeaLice
Treatment and Control in September 1996
that will impact aquaculture drug approvals.
One of the action items resulting from the
workshop is the strategies and mechanicsto
indtitute 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 so that there could be joint
submissions leading to gpprovas being
granted smultaneoudy in both countries.

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
creste an educationa forum to exchange
information and identify issues between
public and private sectors and internationa
organizations with the god of initiating
follow-up strategies to advance
harmonization of drug maximum residue
levels, aguaculture drug approva standards,
and biologicd licensure. Severd

committees were set up to advance the
harmonization of aguaculture drugs and
biologics. The National NADA Coordinator
isthe chairman of the committee to identify
approved drugs worldwide for aguaculture
and which drugs are being pursued for
gpproval.

To attract more pharmaceutical companies
to aguaculture, the Nationd NADA
Coordinator isworking on gaining
information on the market for aguaculture
drugs both in the United States 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 aquaculture.

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

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 antimicrobia resstance.

The National NADA Coordinator
participated in a November 1998 workshop
to develop internationdly harmonized
sengtivity tests that will dlow testing for
susceptibility of aguatic pathogensto
antimicrobid agents, help with
recommendations on therapies, aid the
gpprova process, and determine the
potentia for antimicrobia resstancein
aguatic and human pathogens. Thesetests
will dlow the aquaculture community to
defend its attempts to gain approva and use
of ord antimicrobiasin the aguatic
environment, an area under atack by the
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Centers for Disease Control and Prevention
(CDC) mainly because of antimicrobia
resstance issues. CDC has stated that the
environmenta application of antibioticsin
aquaculture should be banned.

National NADA Coordinator organized,
chaired, and gave the keynote address at a
session on worldwide cooperation toward
aquaculture drug approvas at the World
Aquaculture ‘99, April 26 to May 2, 1999 in
Sydney, Audrdia.

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

answered al the questions raised by the
MUMS Coaadlition. On September 9, 1999
the MUMS Codlition met to discussthe
development of legidation to be cdled the
Minor Anima Species Hedth and Welfare
Act of 2000 and the strategies for getting the
legidation through Congress. The MUMS
Codlition again met on December 1, 1999in
Chicago, Illincisto review the draft
legidation. Thelegidation was refined over
the next severd months and introduced into
the House of Representatives on June 27,
2000 and into the U.S. Senate on October 5,
2000. Efforts are being made to add co-
sponsorsin both Congressional bodies.

The Nationa NADA Coordinator organized,
chaired, and gave the keynote address at a
sesson on internationa harmonization of
antibacteria approvals and sengtivity

testing at the European Association of Fish
Pathologists 9" Internationa Conference,
September 19-24, 1999 in Rhodes, Greece.

The National NADA Coordinator
contributed to awhite paper that addresses
critics that suggest that use of antibacterids
in aguaculture is a potentia hazard to
humans because the use can lead to
antimicrobid resstance in humans. She
aso reviewed a draft of the white paper that
was in response to alegations made by an

officid a the CDC. These activities
occurred in September through December
1999. The response was sent to CDC on
December 20, 1999.

The Joint Subcommittee on Aquaculture
(JSA) formed the Aquaculture Effluents
Task Force to coordinate and facilitate input
of science-based information to assist in the
development of nationd effluent limitation
guidelines and standards for aguaculture
facilities by the Environmenta Protection
Agency (EPA). Thetask force has had
severa mestings in 2000 to set the course of
action. The Nationa Aquaculture NADA
Coordinator isamember of Subgroup for
Drugs and Chemicds and drafted awhite
paper for submisson to EPA in June 2000.
The white paper was reviewed by the CVM
environmental staff and sent to EPA on
August 24, 2000.

The Nationa NADA Coordinator was taped
on November 17, 1999 for avideo on the
benefits and need for INAD participation.

A website established for the Nationd
NADA Coordinator on April 12, 1999 at
http://ag.ansc.purdue.edu/agquani ¢/j salaguadr
ugs/index.htm was updated in August 1999
and in May 2000.

The National NADA Coordinator received
the FDA Commissioner's Specid Citation
Award at aceremony in Rockville,
Maryland on June 9, 2000 for outstanding
leadership, teamwork, and sustained efforts
asthe National NADA Coordinator.

IMPACTS

Egtablishment of the Nationd 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
aguaculture 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
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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
NADAs and gain approvasfor new
NADAs. Infact, an origind NADA has

been approved by CVM for Chorulon® asa

spawning ad for dl fish, a supplementa
NADA has been gpproved for formdin asa
fungicide on dl fish eggs and externd
parasticide on dl fish, and anew NADA
has been granted to Western Chemica Inc.
for its MS-222 product (an anesthetic).

The approvad of the candidate drugswill ad
the aguaculture industry to reduce
mortalities associated with infectious and
handling diseases and to increase their
effidency by using spawning aids and
gender manipulation aids. The domestic
aquaculture industry will be better able to
ddiver more and hedthier aguatic species
for consumption and recreationa purposes
and to compete with foreign producers who
can use many drugs without regulation.

Efforts to develop the MUM S document
into legidation will encourage more
SPONsors to support aquaculture drug
goprovals. Effortsto ded with the
antimicrobid resstanceissue and EPA’s
Effluents Standardization Plan will ensure
that aguaculture can continue to legdly use
drugs and chemicds. Effortsonthe
internationd scae will result in more
international harmonization related to
aquaculture drug approvals.

RECOMMENDED FOLLOW-UP
ACTIVITIES

Agencies, organizations, and companies
have and will need to continue to support
the National Aquaculture NADA
Coordinator and to develop data that will
lead to drug approvas for the aguaculture
indugtry.

PUBICATIONS, MANUSCRIPTS,

PAPERS PRESENTED, AND REPORTS

See the Appendix.
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SUPPORT
vears | USbA UNIVER- OTHEST?:RPORT SUPPORT
FUNDING [ UNIVES iNpusTRY | 2THER [ oTHER TOTAL
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° $63359 |  $11,000 $97,109 $102,109
1996-97 $10,000 $290000 | 46,9000 $26000 | $177,840 $187,840
1997-98 $15,000 $42,000 |  $54,419 $11,000 | $107419 $122,419
1998-99 $13,241 $37500" | gsa418 | s220000 | 113018 $127,159
1999-00 $10,000 $44,0000 |  $55834 $30,000 | $129,834 $139,834
TOTAL $55,241 $149150 | $304130 | $104000 | $583380 $638,621

aJSDA 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)

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

9American 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)

'Center 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)

JAmerican 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 Laboratories, Inc.
($2,500), Florida Tropical Fish Farms Association, Inc. é$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)

'é:enter 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 Sante 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)
P American Pet Products Manufacturers Association ($1,000), American Veterinary Medical Association ($10,000), Aqui-S New
Zealand Ltd. ($1,500), Catfish Farmers of America ($10,000), 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 Sante 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)

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

" Center for Tropical and Subtropical Regional Aguaculture ($10,000), Northeastern Regional Aquaculture Center ($10,000), and
Western Regional Aquaculture Centere(%lo,OOO)
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TILAPIA®®

Progress Report for the Period
September 1, 1998 to August 31, 2000

NCRAC FUNDING LEVEL: $150,000 (September 1, 1998 to August 31, 2000)

PARTICIPANTS:

Paul B. Brown Purdue University Indiana

Christopher C. Kohler Southern Illinois Univergty-Carbondale lllinois

Dondd L. Garling Michigan State Universty Michigan

Susan T. Kohler Southern Illinois Universty-Carbondde lllinois

I ndustry Advisory Council Liaison:

Gene Watne North American Fish Farmers North Dakota

Cooperative, Velva

Extension Liaison:

Dondd L. Galing Michigan State University Michigan

Non-Funded Collaborators:

Myron Kloubec Kloubec Fish Farms, Amana lowa

Forest Sawlaw ADM (Archer, Danids, Midland), lllinois

Decatur
Chris Shimp Grayson Hills Farms, Harrisburg lllinois
Dan Selock Aquaculture Consultants for the lllinois
Heartland, Carbondae

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

(1) Compare feeds developed through the rasing tilapiain arecirculating
first North Centrd Regiond Aquaculture aguaculture system on acommercid
Center (NCRAC)-funded Tilapia project scde with aminimum redirculaing
as well asthe Wastes/Effluents project system size of 18,927 L (5,000 gd) per
to standard commercid feedsin biofilter, capable of producing a
different commercid scae recirculating minimum of 11,340 kg/yr (25,000 Iblyr).
aquaculture systems based on growth,
performance (survivd, hedth, feed ANTICIPATED BENEFITS
converson), water qudity, and Sgnificant modificationsin dietary
economic impacts. To ensurethe formulation for tilgpia are needed if the
goplicability of resultsto commercid indudtry isto be competitive with foreign
sysems, the minimum size of an imports. The moveto dl-plant diets,
experimentd recirculating unit must be continued research on dternative
18,927 L (5,000 gal) per biofilter and the ingredients, and waste management issues
minimum replicate tank Sze must be a should dlow tilgpia producers in the North
least 3,785 L (1,000 gdl). Centra Region (NCR) to redlize some of the

®NCRAC has funded two Tilapia projects. A termination report for the first project is contained in the Annual
Progress Report for 1998-1999. This progress report isfor the second project, which is chaired by Paul B. Brown.

Itisa?2-year study that began September 1, 1998.

Annual Progress Report 1999-00

Page 75
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competitive advantage they have by
producing fish close to mgor markets.

This project will dso indlude a
comprehengve andysis of the costs
involved in commercidly raisng tilgpiain

an indoor recirculating system. These
figures can then be compared with
expectations about market pricesto
determine if the production of tilapiain
indoor recirculating systems is economicaly
vidble.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

OBJECTIVE 1

Inthefirst Tilapiaproject, researchers at
Purdue University (Purdue) found that a
minimum of 28% crude protein was
required in fish med free grow-out diets for
maximum weight gain. They adso explored
the optimum energy to protein raio using
the 28% crude protein concentration. The
Purdue researchers found the optimum
energy and lipid concentrations of grow-out
tilapia (Niletilapia, Oreochromis niloticus)
were Smilar to vaues 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
nutritiona composition were not
sgnificantly impacted & dietary lipid levels
of 8% and lower.

Additiona research conducted by Purduein
the first year of the present project indicated
that cholineisarequired vitamin in dietsfed
to tilgpia when methionine concentrations
are a the minimum requirement and that
phosphatidylcholine exerts a beneficid

effect on weight gain and feed conversion.
Both nutrients are limiting in dl-plant diets
fed totilgpia

During the firgt year of this project,
Southern Illinois Univergty-Carbondale
(SIUC) researchers worked with Grayson
Hills Farms in Harrisburg, 1linois to modify
their greenhouses to accommodete 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. Weter
from the tanks is digtributed through tomato
plant roots grown directly above the fish
tanks hydroponicdly. The bead biofilters
serve to collect solid wastes while providing
mediafor bacteria nitrification. The tomato
plants serve to remove dissolved nutrients
from the sygem. Inorganic fertilization use
for the tomato production has been reduced
by haf as a consequence. Unfortunately,
the firgt crop of fish werelogt in late fal
1999 when new dectrical generators were
being ingtaled and water temperatures
dropped to lethd levels when the
ingtdlations took longer than anticipated.
Grayson Hill Farms subsequently decided to
reconfigure their aguaculture units from 8,
18,927-L (5,000-gal) unitsto 4, 37,854-L
(10,000-gal) units and to incorporate solids
removd sysems. These modifications will
not be completed until mid-September 2000.
Accordingly, the production and economical
sudies have been & avirtud standdtill.

Severd laboratory studies were conducted at
SIUC to test the feasbility of usng beet
pulp in tilgpia diets (conducted in
conjunction with the second NCRAC
Wastes/Effluents project). The nature of
tilapia feces, which gring out in gatinous
strands, proved not to be conducive to this
drategy. Instead of the additiond fiber
weighing down the feces making settlement
easer, the excess fiber tended to make the
fecd srands more fragile, resulting in them
breaking gpart. Additiond studies
conducted in the past year found that further
grinding of the pulp into smdler particles
did not improve results. In studies
examining yucca extract, no advantage for
reducing feca nitrogen was found.
Accordingly, beet pulp and yucca extract
will not be examined further for usein
tilapiafeeds. Studies on the use of beet pulp
and yucca extract are reported in detail in
the first Wastes/Effluents and Tilgpia

project termination reports (the former is
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contained esewhere in this Annua Progress
Report and the latter in the 1998-99 Annua
Progress Report).

Michigan State Universty (MSU)
completed an extension publication on
feeding methods for tilgpia to enhance
production in recirculating aguaculture
systems. The publication is currently under
review.

OBJECTIVE 2

The capital costs for congtruction of the
concrete raceways and associated equipment
were determined by researchersat SIUC
during the first year of the project. Site
preparation and excavation cods for eight
raceways at Grayson Hills Farms included
$2,400 for labor and $3,300 for equipment
rental. Each raceway required $550 in
concrete, $200 for seder, and $450 in labor.
Each raceway was equipped with heating
coils at aprice of $150, a2 hp high volume
low head submersible pump ($800 each),

and aBBF-4™ bead biofilter ($1,250 each).

One 1.0 hp regenerative blower ($400) was
purchased to service four raceways.
Accordingly, capital expenditures were
$4,162 per completed raceway.

WORK PLANNED

Research planned by Purdue scientists to
evauate severd new diet formulations at
commercid production gtesin lllinoisand
lowa were delayed by unexpected changes
in management at both facilities Those
studies will be undertaken during 2000-2001
if arrangements can be made with the new
ownersmanagers of the operations or if new
cooperators can be identified.

Researchers at SIUC will test an
experimental channel catfish diet (32%
crude protein) produced by alocd feed
grain company, Bethd Ingredients,
comparing it to acommercid diet of smilar
protein. Bethel Ingredientsislocated in
Benton, Illinais, in close proximity to
Grayson Hills Farms. This collaboration

will hopefully lead to more research, in
particular, diets specificdly formulated for
tilgpia. These studies should be underway
as soon as the new 37,854-L (10,000-gal)
sysems are fully functiond.

The fixed and variable costs will be
determined in conjunction with the tilgpia
feeding trids. Actud figuresfor capitd,
fixed, and variable costs will be used to
caculate the bresk-even andysis.
Sengitivity analysis will aso be conducted
on production costs.

IMPACTS

Gross formulation guidelines for grow-out
dietsthat are free of fish med have been
developed. The basic formulation will be
expanded to incorporate other ingredients
that are readily availablein the NCR. These
formulations could be taken to locd feed
mills which should sgnificantly reduce feed
cogts, one of the most expengive annud
variable cogtsin tilgpia production.

A NCRAC fact sheet on feeding tilapiain
intensve recirculating systems has been
submitted for publication. The publication
summarizes the results of practica feed
recommendations and feeding strategy
research that was developed during the first
Tilapiaproject. In order to maximize
production efficiency, minimize demands on
the bidfilter, and minimize cods, tilgpia
should be fed:

» nutritionally complete diets formul ated
to meet their dietary requirements,

» of the optimum crumble or pellet Sze,

» a the optimum feeding rate (% of fish
weight),

» atheoptimumtimeintervas(4-5h
depending on the energy and
compoasition of the diet), and

» based on the Sze of the fish and the
culture conditions.

A commercia-scae recirculating
aquaculture system incorporating
hydroponic tomato production has been
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edtablished a Grayson Hills Farmsin
Harrisburg, lllinois. Commercid-scae

feeding sudies will provide “red world’
data on tilgpia growth and nutrition, water
qudity, and cost of production. The project
will dso compare commercia-scae sudies
to alaboratory-scae study to alow for an
assessment of “scale” with respect to data
interpretation.

This project provides information on
economic conditions and congtraints
affecting profitability of acommercid

tilgpia agquaculture sysem. It ultimatdy will
provide information on production costs and
potentid revenues as well as codts per unit

of production to cover expenses. The
information on factors affecting profitability
and mesasures to be taken to reduce costs

and/or increase revenues will enable

producers to make informed decisions on

the potentid of indoor recirculating

aguaculture systemsfor tilapia 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 the Appendix for a cumulative output
for dl NCRAC-funded Tilgpia activities.

SUPPORT
NCRAC. OTHER SUPPORT
T povoine | WNVER [ ousrry | OTHER | e | rora SUPPORT
SITY FEDERAL
199899 | $74773 |  $82,052 $82052 |  $156825
199000 | 75227 | $82,642 $5,000 587642 |  $162,869
TOTAL | $150000 | 164,694 $5,000 $160604 | 319,604
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AQUACULTURE DRUGS: EFFECTIVENESS OF
FLORFENICOL, OXYTETRACYCLINE, AND
CHLORAMINE-TY

Progress Report for the Period
October 1, 1999 to August 31, 2000

NCRAC FUNDING LEVEL: $16,615 (October 1, 1999 to August 31, 2000)

PARTICIPANTS:
Alan A. Moore

lowa Department of Natural Resources, lowa

Rathbun Fish Culture Research Facility

Non-Funded Collaborators:

Jeff Bernardy, Jeff U.S. Geologica Service Biologica Resource Wisconsn
Rach, and Gary Divison's Upper Midwest Environmenta
Sehly Sciences Center

PROJECT OBJECTIVES

(1) To evaluate the effectiveness of
florfenicol and oxytetracycline to control
mortalities caused by Flavobacter
columnare in sdected cultured fish and
to evauate the effectiveness of
chloramine-T to control mortaities
caused by bacterid gill diseesein
sdected cultured fish.

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

ANTICIPATED BENEFITS

Data from the studies will help complete the
necessary data packages required by the
Food and Drug Administration for approval
and labdling of these drugs. Once gpproval
is secured, these drugs will belegd to usein
aquaculture in the United States. The cost
benefits of this udy are tremendous if one
takes into account the funding level dready
committed to the Investigational New
Anima Drug/New Animd Drug

Applications (INAD/NADA) process
through the cooperative federd/state
aquaculture drug gpprova partnership
project, the U.S. Fish and Wildlife Service's
(USFWS) own INAD program, and other
state and private INAD programs.

This sudy has nationa sgnificance in that
an gpproved drug labd for the use of these
drugsin fish will benefit the entire
agquaculture community including federd,
sate, and private aguaculture interests
located throughout the United States. This
study will provide direct benefits to the 37
daesinvolved in the federa/State
aquaculture drug approva partnership
project to obtain gpprova for drugs for
public fish production that is based upon a
Memorandum of Understanding between the
Internationa Associaion of Fish and
Wildlife Agencies (IAFWA), the U.S.
Geologicd Service s Biologicd Resource
Divison, and the USFWS. Inthelong run,
it will also directly benefit the remaining 13
datesin the United States. Virtudly all

"NCRAC has funded three Aquaculture Drugs projects. A termination report for the first project is contained in
the 1996-97 Annual Progress Report; atermination report for the second project is contained in the 1997-98 Annual
Progress Report. This progressreport isfor thethird project, whichis chared by Alan A. Moore. Itisal-year study
that began October 1, 1999.
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recreationa fish speciesthat have a
culture/propagation component to thelr
management program will benefit.

All recreationd fisheries opportunities that
arein part based on culture/propagation for
gock enhancement will benefit from this
Sudy. Whilein certain parts of the country
there are indeed naturally reproducing, wild
(not necessarily native) fish populations
which support recregtiona opportunities
without sock enhancement, this Stuetion is
certainly the “exception rather than the
rule” From Pacific sdmon on the west
coad, to trout, walleye, and muskdllungein
the midwest, to catfish and striped bassin
the southeadt, to Atlantic sdmon on the east
coast, many recregtiond fishing
opportunities are dependent upon
culture/propagation programs. Asthe
popularity of fishing and associated
recregtion continues to rise in this country,
the pressure on exigting fish populations will
aso continue to increase.

PROGRESS AND PRINCIAL
ACCOMPLISHMENTS

OJBECTIVE 1

Work conducted at lowa s Department of
Natural Resources Rathbun Fish Culture
Research Facility was designed to test the
effectiveness of oxytetracycline to control
sysemic infections of Flavobactor
columnare inwadleye. Inthis sudy wdleye
were induced by stress to break out with a
columnarisinfection. Fish were randomly
divided into two replicate groups of three
controls receiving untreated feed and three
trested groups recelving oxytetracycline
feed treated a 82.7 mg of active drug/kg
fish. Each replicate contained 145 walleye.
Trested feed was fed for 10 consecutive
days, and a 14 day post-treatment period
was used to monitor fish mortaity. Two
daysinto the study an infection of the
protozoan chilodonella was detected and a
1.0% salt trestment was administered to
cure theinfection.

The three tanks that received treated feed
had total mortaities of 43, 47, and 25
respectively. Tanks receiving untrested feed
had totd mortalities of 45, 30, and 39.

This study began August 26 and will be
terminated September 18, 2000. Results
from this study will be reported on during
the 2000-2001 reporting period.

OBJECTIVE 2

Another study performed at the Rathbun
Fish Culture Research Facility was designed
to gather residue depletion data of
oxytetracycline in cultured fishes. The labd
currently redricts the adminigiration of
oxytetracycline to control specific diseases
in sdmonids and catfish. Thisresdue
depletion study was conducted to support
the extenson of thelabd to include dl cool
water fish species cultured a public and
privete aquaculture facilities.

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

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

Scope of Work Deviation

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

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

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

Fish hed in arearing tank, prior to the
study, were naturdly infected with
Flavobactor columnare. When a
columnarisinfection was detected on some
of the test fish and mortdities began to
increase, treatment began. Treatments were
conducted in two portable syssems with one
system containing 12 tanks and one system

containing 9 tanks. All tanks contained 40 L
(10.6 gd) of water.

Hydrogen peroxide (commercid grade 35%
active, DuPont, Memphis, Tennessee) and
chloramine-T (commercia grade 99-100%
active ingredient, AKZO Chemicals, Dobb
Ferry, New Y ork) were prepared as stock
solutions. Treatments were 50, 100, and
150 mg/L hydrogen peroxide, and 10, 20,
and 30 mg/L chloramine-T. Hydrogen
peroxide was administered as 30 min
exposures and chloramine-T as 60 min
eXposures.

Active chemical concentrations calculated

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

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

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

None of the treetmentsresulted in a
datigicdly sgnificant reduction in fish
mortalities. These data dso support the
conclusions of other researchers that
walleye are one of the most sengitive pecies
to hydrogen peroxide.

WORK PLANNED

OBJECTIVE 1

Research is being planned to conduct studies
using chloramine-T to control bacterid gill
disease and to again evauae the
effectiveness of oxytetracycline to control
Flavobacter columnare in cultured fish.
These studies are planned because bacteria
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gill disease was not generated for testing
during the past reporting period and the
results of the oxytetracycline sudy may

need to be redone. Testing of florfenical is
a0 being planned because it was not
undertaken during 1999-2000 because of the
lack of aviable INAD.

OBJECTIVE 2

Research is being planned to conduct
residue depletion studies with florfenicol
and chloramine-T. Thisis necessary for
florfenicol as no viable INAD was available
in 1999-2000. The chloramine-T resdue
depletion will be completed during October
and November 2000.

In addition, the scope of work for this grant
may be expanded again to include more
compounds, diseases, and fish species. This
expansion will depend on research needed to
complete the NADA process for drug
approval.

IMPACTS

OBJECTIVE 1

Research to eva uate the effectiveness of
oxytetracyclineto control Flavobacter
columnare overlapped the reporting period
and a thiswriting datais being evauated.

If successful, this datawill dlow the
placement of walleye on the oxytetracycline
label for disease control.

OBJECTIVE 2
Research proved oxytetracycline did not
reach the upper tolerance limits when fed to

walleye under cool water conditions. These
datawill assst in the approva of azero
withdrawal time for the use of thisdrug in
percids.

EXPANDED SCOPE OF WORK

The use of Perox-Aid™ to control fungusin
channd catfish eggs was proven effective,
even though treatment rates were one-haf of
the desired level. Theselevelsaso did not
adversdy affect hatch when compared to
untreated controls. Thiswork will help
dlow channd catfish eggs to be added to the
Perox-Aid™ labe for fungus control.

Testing of hydrogen peroxide on waleye
once again showed the sengtivity of this
species to concentrations at or above 100
mg/L. Thissengtivity may be reduced by
using shorter exposure periods or by first
treating fish with alow concentration then
gradudly increasing concentrations with
subsequent treatments.

Even though results were not Satisticaly
sgnificant, data showed that chloramine-T
is not toxic to walleye up to 30 mg/L for a
60 min exposure period.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

Manuscripts for review by the Food and
Drug Adminigiration are in preparetion by
the principd investigators and non-funded
collaborators.

SUPPORT
NCRAC- OTHER SUPPORT
YEAR USDA UNIVER- OTHER &ISI;—(SA;T
FUNDING SITY INDUSTRY FEDERAL OTHER TOTAL
1999-00 $16,615 $16,615
TOTAL $16,615 $16,615
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WHITE PAPERS"

Project Termination Report for the Period
September 1, 1998 to June 30, 2000

NCRAC FUNDING LEVEL: $22,500 (Jduly 1, 1998 to June 30, 2000)

PARTICIPANTS:

Jeffrey L. Gunderson University of Minnesota-Duluth Minnesota
Roy C. Heidinger Southern Illinois University-Carbondde llinois
Rondd E. Kinnunen Michigan State University Michigan
Christopher C. Kohler Southern Illinois Universty-Carbondae lllinois
Jeffrey A. Mdison Universty of Wisconsn-Madison Wisconsn
Joseph E. Morris lowa State University lowa
Robert C. Summerfelt lowa State University lowa
Harry Westers Aquaculture Bioengineering Corporation, Michigan
Rives Junction

REASON FOR TERMINATION
The project objective was completed.

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

PRINCIPAL ACCOMPLISHMENTS
White papers on baitfish (Gunderson),
effluents (Westers), hybrid striped bass
(Kohler), largemouth bass (Heidinger),
sdmonids (Kinnunen), sunfish (Morris),
tilgpia (Kohler), waleye (Summerfdt), and
ydlow perch (Mdison) were either
completed or revised during the early
months of 2000 and posted on the North
Centra Regiond Aquaculture Center
(NCRAC) Web site
(http://ag.ansc.purdue.edw/aguanic/nerac/
wpaperswpapers.htm) in May. They had
been written at the request of NCRAC's

Board of Directors based on industry input.

The white papers were not an exhaustive

literature review, but rather working
documents that clearly defined the current
gtate of technology for the respective species
and/or systems, the criticd factors limiting
economica and sustainable commercia
production, and recommendations as to the
research/extension agenda that should be
congddered. Industry participation and peer
review were critical components of the
white paper process.

IMPACTS

The nine white papers were and will be used
by each state in the North Central Region
(NCR) to develop their aguaculture industry
priorities. They will dso be ingrumentd in
guiding the Board' s decisonsin regard to
resource alocations over the next five to ten
years 0 that the limited financid resources
of the Center will have the grestest impact
on the aguaculture industry in the NCR.

B NCRAC has funded the devel opment of nine white papers under two separately funded projects. Thefirst
project, which began July 1, 1998, called for the devel opment of two white papers on tilapiaand yellow perch
whereas the second, which began September 1, 1999, called for the development of seven white papers on baitfish,
effluents, hybrid striped bass, largemouth bass, salmonids, sunfish, and walleye. Each white paper cost $2,500.
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PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED

See the Appendix for a cumulative output

for dl NCRAC-funded White Paper
activities.

RECOMMENDED FOLLOW-UP
ACTIVITIES

The authors will be asked to periodically
update their white papersto keep themin
tune with the current state of the art
regarding these species'systems in the NCR.

SUPPORT
_ OTHER SUPPORT
vears | USDA
UNIVER- OTHER SUPPORT
FUNDING SITY INDUSTRY FEDERAL OTHER TOTAL

1998-00 $22,500 $22,500

TOTAL $22,500 $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 Sheset
Series#101, NCRAC Publications
Office, lowa State University, Ames.

Harding, L.M., C.P. Clouse, R.C.
Summerfdt, and J.E. Morris. 1992. Pond
culture of walleye fingerlings NCRAC
Fact Sheet Series#102, NCRAC
Publications Office, lowa State
Univergty, 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 fishin
bags. NCRAC Fact Sheet Series #104,
NCRAC Publications Office, lowa State
Univerdty, Ames.

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

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

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

Cain, K., and D.Garling. 1993. Trout culture
in the North Centrad 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
Univerdty, Ames.

Riepe, J.R. 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 Universty, Ames.

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

Galing, D. In review. Whirling disease.
NCRAC Fact Sheset Series #113,
NCRAC Publications Office, lowa State
Universty, Ames,.

Garling, D., and M. Riche. Inreview.
Feeding tilapiain intensve recirculating
systems. 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. FHoyd. 1992. Aquaculture law
in the north centrd states: adigest of
date Statutes pertaining to the
production and marketing of
aguacultura products. NCRAC
Technica Bulletin Series#101, NCRAC
Publications Office, lowa State
Univerdty, Ames.
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Swann, L. 1992. A basic overview of
aquaculture: history, water qudity, types
of aguaculture, production methods.
NCRAC Technical Bulletin Series #102,
NCRAC Publications Office, lowa State
Univergty, Ames.

Kinnunen, R.E. 1992. North Central Region
1990 sdmonid egg and fingerling
purchases, production, and sales.
NCRAC Technical Bulletin Series #103,
NCRAC Publications Office, lowa State
Univergty, 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
Technicd Bulletin Series#104, NCRAC
Publications Office, lowa State
Univerdty, Ames.

Meronek, T., F. Copes, and D. Coble. 1998.

The bait indudry in lllinois, Michigan,
Minnesota, Ohio, South Dakota, and
Wisconan. NCRAC Technicd Bulletin
Series #105, NCRAC Publications
Office, lowa State University, Ames.

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

Swann, L., and J. R. Riepe. 1994. Niche
marketing your aquaculture 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 Centrd
Region. NCRAC Technica Bulletin

Series#110, NCRAC Publications
Office, lowa State University, Ames.

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

Brown, P., and J. Gunderson, editors. 1997.
Culture potentid of sdected crayfishes
in the North Central Region. NCRAC
Technica Bulletin Series#112, NCRAC
Publications Office, lowa State
Universty, Ames.

Riepe, J.R. 1998. Wadlleye marketsin the
North Centrd Region: results of a
1996/97 survey. NCRAC Technical
Bulletin Series#113, NCRAC
Publications Office, lowa State
Univerdty, Ames.

Morris, JE., and C.C. Mischke. 1999.
Pankton management for fish culture
ponds. NCRAC Technica Bulletin
Series #114 NCRAC Publications
Office, lowa State University, Ames.

Lane, R.L., and JE. Marris. In press.
biology, prevention, and effects of
common grubs (Digenetic trematodes) in
freshwater fish. NCRAC Technical
Bulletin Series#115, NCRAC
Publications Office, lowa State
Univergty, Ames.

Ramseyer, L.J., and D. Garling. In review.
Fish nutrition and aguaculture waste
management. NCRAC Technicd
Bulletin Series#116, NCRAC
Publications Office, lowa State
Univergty, Ames.
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NCRAC Video Series

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

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

Swann, L., editor. 1993. Investing in
freshwater aguaculture. VHS formét,
120 min. NCRAC Video Series #103,
NCRAC Publications Office, lowa State
Univerdty, Ames.

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

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

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

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

NCRAC Culture Series

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

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

Other Videos

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

Kayes, T.B., and K. Mathiesen, editors.
1994. Invedting in freshwater
aquaeculture: areprise (part I1). 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 aguaculture. NCRAC CD-
ROM Series#101, NCRAC Publications
Office, lowa State University, Ames.

Situation and Outlook Report

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

Journal Articles

Swann, D.L., and M.E. Eingtein. In press.
User andysis and future directions of the
web-based Aquaculture Network
Information Center. Journa of
Extenson.

Workshops and Conferences
Sdmonid Culture, Eagt Lansing, Michigan,
March 23-24, 1990. (Dondld L. Garling)
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Midwest Regiona Cage Fish Culture
Workshop, Jasper, Indiana, August 24-
25, 1990. (LaDon Swann)

Aquaculture Leader Training for Gregt
Lakes Sea Grant Extenson Agents,
Manitowoc, Wisconsin, October 23,
1990. (David J. Landkamer and LaDon
Swann)

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

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

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

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

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

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

Regiona Workshop on Commercia Fish
Culture Using Water Recirculating
Systems, Normd, Illinois, November
19-20, 1992. (LaDon Swann)

In-Service Training for CES and Sea Grant
Personnel, Gretna, Nebraska, February

9, 1993. (Terrence B. Kayes and Joseph
E. Morris)

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

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

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

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

Aquaculture in the Age of the Information
Highway. Specia sesson, World
Aquaculture Society, San Diego,
Cdlifornia, February 7, 1995. (LaDon
Swvann)

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

Waleye Culture Workshop, Minnegpolis,
Minnesota, February 17-18, 1995.
(Jeffrey L. Gunderson)
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Aquaculture in the Age of the Information
Highway. Multimedia sesson, 18 month
mesting of the Sea Grant Greet 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 dlow Perch Aquaculture Workshop,
Spring Lake, Michigan, June 15-16,
1995. (Dondd L. Garling)

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

North Centra Regiona Aquaculture Center
Hybrid Striped Bass Workshop,
Champaign, Illinois, November 2-4,
1995. (Christoper 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 Regional
Aquaculture Conference, Columbia,
Missouri, February 24-26, 1999. (Ronad
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
Regiona Aquaculture Conference,
Columbia, Missouri, February 24-26,
1999. (LaDon Swann)

Potentiad of Recirculating Sysemsin the
North Central 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. (Laura Tiu)

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

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

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

Fisheries Management in the North Centra
Region, 9" Nationd Extenson Wildlife,
Fisheries, and Aquaculture Conference,
Portland, Maine, September 29-October
2, 1999. (Joseph E. Morris, and SK.
Whitcomb)

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

Proceedings

Proceedings of the North Centra Regiona
Aquaculture Conference. 1991. First
North Centrd Regiona Aquaculture
Conference, Kdlamazoo, Michigan,
March 18-21, 1991.
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Gunderson, J., editor. 1995. Proceedings of
the Combined North Central and Ninth
Annua Minnesota Aquaculture
Conference and Tradeshow. Second
North Centrd Regiona Aquaculture
Conference, Minnegpolis, Minnesota,
February 17-18, 1995.

Swann, L., editor. 1997. Proceedings of the
1997 North Central Regiona
Aquaculture Conference. Third North
Centrd Regiona Aquaculture
Conference, Indianagpolis, Indiana,
February 6-7, 1997. lllinois-Indiana Sea
Grant Program, Publication CES-305.
(Also available eectronicaly &:
http://ag.ansc.purdue.edw/aquanic/
publicat/state/il-in/ces-305.htm)

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

ECONOMICSAND
MARKETING

Publicationsin Print

Aubineau, C.M. 1996. Characterization of
the supply of wdleye fingerlingsin the
north centra region of the U.S. Magter's
thess. Illinois State University, Normal.

Brown, G.J. 1994. Cogt andysis of trout
production in the North Central states.
Magter’ sthesis. Ohio State University,
Columbus.

Edon, A.M.T. 1994. Economic anaysis of
an intendve recirculating system for the
production of advanced walleye
fingerlingsin the North Centra Region.
Mader’ sthess. lllinois State Universty,
Normal.

Floyd, D.W., and R.M. Sullivan. 1990.
Naturd resources and aquaculture: the
policy environment in the North Centra
dtates. Proceedings of the Third
Symposium on Socia Science and
Resource Management, Texas A&M
Univergity, College Station, Texas.

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

Gleckler, D.P. 1991. Digribution channels
for wild-caught and farm-raised fish and
segfood: a survey of wholesdle and retall
buyersin sx states of the North Central
Region. Magter’ sthesis. Ohio State
Universty, Columbus

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

Hushak, L., C. Cole, and D. Gleckler. 1993.
Survey of wholesdle and retall buyersin
the six southern states of the North
Centra Region. NCRAC Technical
Bulletin Series #104, NCRAC
Publications Office, lowa State
Univerdty, Ames.

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

Makowiecki, E.M.M. 1995. Economic
analygs of an intengve recirculating
system for the production of walleye
from fingerling to food Sze. Magter's
thess. Illinois State University, Normal.

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

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

Riepe, J.R. 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 University, Ames.

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

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

Thomas, SK. 1991. Industry association
influence upon state aguaculture policy:
acomparative anadyssin the North
Centrd Region. Magter’ sthesis. Ohio
State Universty, Columbus.

Thomas, SK., RM. Sullivan, R.L. Vertrees,
and D.W. FHoyd. 1992. Aquaculture law
in the North Centra states: adigest of
date statutes pertaining to the
production and marketing of
aquacultura products. NCRAC
Technica Bulletin Series#101, NCRAC
Publications Office, lowa State
Univerdty, Ames.

Thomas, SK., R.L. Vertrees, and D.W.
Floyd. 1991. Association influence upon
dtate aquaculture policy—a comparative

andysisin the North Central Region.
The Ohio Journal of Science 91(2):54.

Tudor, K.W., R.R. Rosati, P.D. O'Rourke,

Y.V.Wu, D. Sessa, and P. Brown. 1996.
Technicd and economicd feashility of
on-farm fish feed production using
fishmed andogs. Journd of

Aquacultural Engineering 15(1):53-65.

Manuscripts
Riepe, JR. In review. Managing feed codts:

limiting delivered price paid. NCRAC
Fact Sheet Series#110, NCRAC
Publications Office, lowa State
Univerdty, Ames.

Papers Presented
Brown, G.J., and L.J. Hushak. 1991. The

NCRAC producers survey and what we
have learned: an interim report. First
North Centrd Regiona Aquaculture
Conference, Kdamazoo, Michigan,
March 18-21, 1991.

Foley, P., R. Rosati, P.D. O'Rourke, and K.

Tudor. 1994. Combining equipment
componentsinto an efficient, reliable,
and economica commercia

recircul ating aguaculture system. 25
Annua Mesting of the World
Aquaculture Society, New Orleans,
Louisana, January 12-18, 1994.

Gleckler, D.P., L.J. Hushak, and M..E.

Gerlow. 1991. Didribution channels for
wild-caught and farm-raised fish and
segfood. First North Central Regional
Aquaculture Conference, Kalamazoo,
Michigan, March 18-21, 1991.

Kohler, S.T. 1995. Hybrid striped bass cost

of production. North Central Regional
Aquaculture Center Hybrid Striped Bass
Workshop, Champaign, lllinais,
November 2-4, 1995.

ORourke, P.D. 1995. Profitability and

volume-cost business andysistools for
the aguaculture enterprise. Presented at
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[llinois-Indiana Aquaculture Conference
and North Centrd 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 andyss of advanced wdleye
fingerling production in an intensve
recirculating system. Combined North
Central and Ninth Annua Minnesota
Aquaculture Conference and Tradeshow
(Second North Central Regiona
Aquaculture Conference), Minneapalis,
Minnesota, February 17-18, 1995.

O'Rourke, P.D., K. Tudor, and R. Rosti.
1994. The sdlection and use of economic
toolsin the aguacultura engineering
decision making process to determine
the comparative codts of dternate
technica solutions. 25" Annua Mesting
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) in amodified Red Ewad-style
recirculating system operated under
commercid conditions. 25" Annud
Mesting of the World Aquaculture
Society Slver Anniversary Mesting,
New Orleans, Louisana, January 12-18,
1994.

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

Riepe, JR. 1994. Getting started in
commercid aguaculture: economics.
Workshop on Getting Started in
Commercid Aquaculture Raisng
Crayfish and Y ellow Perch, Jasper,
Indiana, October 14-15, 1994.

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

Riepe, JR., J. Ferris, and D. Garling. 1995.
Economic considerationsin yellow
perch aguaculture. Y ellow 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 exiging peciesin
the North Central Region. First North
Central Regiona Aquaculture
Conference, Kdlamazoo, Michigan,
March 18-21, 1991.

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

Rosdti, R., P.D. O'Rourke, K. Tudor, and P.
Foley. 1994. Technica and economical
condderations for the sdection of
oxygen incorporation devicesin a
recirculaing aguaculture system. 25"
Annua 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.
Technicad and economicd feashility of
on-farm fish feed production using
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fishmed andogs. 25" Annua Megting
of the World Aquaculture Society, New
Orleans, Louisiana, January 12-18,
1994.

YELLOW PERCH

Publicationsin Print

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

Brown, P.B., K. Dabrowski, and D.L.
Garling. 1995. Nutritional requirements
and commercid dietsfor yelow perch.
In Kestemont, P., and K. Dabrowski,
editors. Workshop on aguaculture of
percids. Presses Universitaires de
Namur, Namur, Belgium.

Brown, P.B., K. Dabrowski, and D.L.
Garling. 1996. Nutrition and feeding of
ydlow 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 darter diets.
Aquaculture Magazine 17:49-61.

Dabrowski, K., D.A. Culver, C.L. Brooks,
A.C. Voss, H. Sprecher F.P. Binkowski,
S.E. Yeo, and A.M. Balogun. 1993.
Biochemica aspects of the early life
higory of yelow 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
ydlow perch culture in the North
Central Region. Pages 253-255in

Proceedings of the North Central
Regiona Aquaculture Conference,
Kaamazoo, 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 University, East
Lanang.

Ko, K. 1996. Effect of isoflavones and
estradiol-17p on growth and
reproductive function in yelow perch
(Perca flavescens). Magter’ s thesis.
Universty of Wisconsn-Madison,
Madison.

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

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

Kolkovski, S., S. Czesny, and K.
Dabrowski. 2000. Use of krill
hydrolysate as a feed attractant for fish
larvae and juveniles. Journd of the
World Aquaculture Society 31:81-88.

Kolkovski, S., C. Yackey, S. Czesny, and K.
Dabrowski. 2000. The effect of
microdiet supplementation of dietary
digestive enzymes and a hormone on
growth and enzyme activity of yellow
perch juveniles. North American Journa
of Aquacualture 62:130-134.

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
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manipulations in ydlow perch (Perca
flavescens) and waleye (Stizostedion
vitreum). Journd of Applied Ichthyology
12:189-194.

Malison, JA., and JA. Held. 1992. Effects
of fish sze a harves, initid stocking
dengty and tank lighting conditions on
the habituation of pond-reared yellow
perch (Perca flavescens) to intengve
culture conditions. Aquaculture 104.67-
78.

Mdison, J., and J. Held. 1995. Lights can be
used to feed, harvest certain 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,
hydrostatic pressure shock, and
spermatozoa inactivation. Aquaculture
110:229-242.

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

Oetker, M.A. 1998. Effects of parenta size
and age on larvd growth and
deve opment: implications for improved
intendve larva yelow perch (Perca
flavescens) culture techniques. Master’s
thess. Michigan State University, East
Lanang.

Twibdl, R.G., and P.B. Brown. 1997.
Dietary arginine requirement of juvenile
yelow perch. Journd of Nutrition
127:1838-1841.

Twibdl, R.G., and P.B. Brown. 2000.
Dietary choline requirement of juvenile
yelow perch (Perca flavescens). Journd
of Nutrition 130:95-99.

Twibdl, R.G., K.A. Wilson, and P.B.
Brown. 2000. Dietary sulfur amino acid
requirement of juvenile yellow perch fed
the maximum cystine replacement vaue
for methionine. Journd of Nutrition
130:612-616.

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

Manuscripts

Hayward, R.S., and Wang, N. In revision.
Insghts from afaled attempt to dicit
growth over-compensation in maturing
ydlow perch. Journd of Fish Biology.

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 a feed attractant for fish
larvae and juveniles. Journd of the
World Aquaculture Society.

Twibdl, R.G., K.A. Wilson, and P.B.
Brown. In press. Thetotd dietary sulfur
amino acid requirement for juvenile
ydlow perch islower than the
methionine requirement. Journa of
Nutrition.

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

Y ackey, C. In preparation. Improving
acceptance, efficiency, and quality of

Annual Progress Report 1999-00

Page 96



APPENDIX

formulated feeds for juvenile yellow
perch Perca flavescens. Ohio State
Universty.

Papers Presented

Batterson, T., R. Craig, and R. Baldwin.
1995. Advancing commercia
aguaculture development in the North
Centrd Region. Ydlow Perch
Aquaculture Workshop, Spring Lake,
Michigan, June 15-16, 1995.

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

Brown, P.B. 1994. Y dlow perch culturein
the Midwest. Vocationa 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. 2000. Percids-The American
experience. 31* Annud Medting of the
World Aquaculture Society, Nice,
France, May 2-6, 2000.

Brown, P.B., and K. Dabrowski. 1995.
Zootechnica parameters, growth and
cannibalism in mass propageation of
ydlow 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. Twibell. 1997.
Dietary arginine requirement of juvenile
yellow perch. 28" Annua Mesting of

the World Aquaculture Society, Sedttle,
Washington, February 19-23, 1997.

Brown, P.B., K. Wilson, J. Wetzd, J. Mays,
F. Binkowski, and S. Yeo. 1994. Culture
characterigtics of juvenile yelow perch
(Perca flavescens) from different
geographical locaes grown at three
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
evauaionswith ydlow perch. Indiana
Aquaculture Association Annua
Meeting, Indiangpolis, Indiana, February
26, 1994.

Crane, P., G. Miller, J. Seeb, and R.
Sheehan. 1991. Growth performance of
diploid and triploid yellow perch at the
onset 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
ydlow perch culture in the North
Central Region. First North Central
Regiona Aquaculture Conference,
Kaamazoo, Michigan, March 18-21,
1991.
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Garling, D.L. 2000. Current status of flow-
through grow-out production systems.
North Centrd Regiona Aquaculture
Center Y elow Perch Producer Forum,
Hudson, Wisconsin, January 21-22,
2000.

Garling, D.L. 2000. Current status/recent
advances of tank fry culture. North
Centra Regiond Aquaculture Center
Y elow Perch Producer Forum, Hudson,
Wisconsin, January 21-22, 2000.

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
Cooperative Aquaculture Conference
and Tradeshow, Brainerd, Minnesota,
March 7-8, 1997.

Held, JA. 1997. Advancesin ydlow perch
production. North Centra Regional
Aquaculture Center Symposium on
Y ellow Perch Production, Piketon, Ohio,
June 21, 1997.

Held, JA., and JA. Mdlison. 1997. Yelow
perch aquaculture. Annua Conference
of the Wisconsin Agricultural Teachers
Association, Madison, Wisconain, July
9-10, 1997.

Held, JA., JA. Mdison, and T.E.
Kuczynski. 1998. Techniquesfor the
commercia production of feed-trained
ydlow perch Perca flavescens
fingerlings. 29" Annuad Megting 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 Y ellow 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. Yellow perch aguaculture.
Combined North Centra and Ninth
Annua Minnesota Aquaculture
Conference and Tradeshow (Second
North Centrd Regiona Aquaculture
Conference), Minneapolis, Minnesota,
February 17-18, 1995.

Kayes, T. 1995. Yéelow perch culture
dudies a Pleasant Valey 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
Meeting, 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. Yellow Perch
Aquaculture Workshop, Spring Lake,
Michigan, June 15-16, 1995.

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

Kolkovski, S., K. Dabrowski, and C.
Yackey. 1997. Larvd rearing of ydlow
perch Perca flavescens spawning out of
the season. 2" International Workshop
on Aquaculture of Percid Fish, Idand
and Tropicd Aquaculture, Les Trois
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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
experimenta dry formulations. Fish
Feed and Nuitrition Workshop,
Frankfort, Kentucky, September 12-13,
1997.

Kolkovski, S., S. Dzesny, C. Yackey, and K.

Dabrowski. 1998. The use of krill
hydrolysate as feed atractant for fish
juveniles. Fish Feed and Nutrition
Workshop, Pine BIuff,
Arkansas,September 13-15, 1998.

Mdison, JA. 1994. Pond production of
ydlow perch fingerlings. Wisconsain
Aquaculture '94, Stevens Point,
Wisconsin, February 18-19, 1994.

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

Mdison, JA. 1997. Reproduction and sex
reversa in ydlow perch and waleye.
Third North Centrd Regiond
Aquaculture Conference, Indianapalis,
Indiana, February 6-7, 1997.

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

Madison, JA. 1998. Raisng food-sze
ydlow perch in ponds. Wisconsin
Aquaculture '98, Eau Claire, Wisconsn,
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 waleye (Stizostedion
vitreum). Aquaculture America'99,
Tampa, Forida, January 27-30, 1999.

Malison, JA., and JA. Held. 1995. Sex
control and ploidy manipulationsin
ydlow perch (Perca flavescens) and
walleye (Stizostedion vitreum). Percid 11,
the Second Internationa Percid Fish
Symposium and the Workshop on
Aquaculture of Percids, Vaasa, Finland,
August 21-25, 1995.

Mdison, JA., and JA. Held. 1996. Pond
design, construction and managemen.
Wisconsin Aquaculture Conference 96,
Wausau, Wisconsin, February 16-17,
1996.

Malison, JA., and JA. Held. 1997. Pond
design and congtruction for aguaculture.
Wisconan 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), wdleye (Stizostedion
vitreum), and walleye-sauger hybrids (S.
vitreum femde x S, canadense mae) to
intensive culture conditions. 22" Annud
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)
fingerlings to formulated feed in ponds
using lights and vibrating feeders. 25"
Annua Mesting of the World
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Aquaculture Society, New Orleans,
Louisana, 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
hydrogtatic pressure shocks on the
growth and reproductive development of
perch (Perca flavescens) reared to adult
Sze under sdlected 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. Held, L.S. Procarione,
T.B. Kayes, and C.H. Amundson. 1991.
Theinfluence on juvenile growth of heet
and hydrostatic pressure shocks used to
induce triploidy in ydlow perch. 121
Annua Medting of the American
Fisheries Society, San Antonio, Texas,
September 8-12, 1991.

Mdison, 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) & different
temperatures. 2" Internationd
Workshop on Aquaculture of Percid
Fish, Idand and Tropical Aquaculture,
Les Troisllets, Martinique, French West
Indies, May 4-9, 1997.

Madlison, JA., J. Mdlenthin, A.B. Head,
L.S. Procarione, T.P. Barry, and JA.
Held. 1998. Cortisol stress responses and
growth of yellow perch Perca flavescens
reared under sdlected intengve culture
conditions. 29" Annud Megting 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 larva yelow perch.
127" Annua Meeting of the American

Fisheries Society, Monterey, Cdifornia,
August 24-28, 1997.

Riepe, JR., J. Ferris, and D. Garling. 1995.
Economic considerationsin yellow
perch aguaculture. Y ellow Perch
Aquaculture Workshop, Spring Lake,
Michigan, June 15-16, 1995.

Sealock, D. 1995. FHoating raceways for
yellow perch culture. Y elow Perch
Aquaculture Workshop, Spring Lake,
Michigan, June 15-16, 1995.

Starr, C. 1995. Yelow perch food fish
production in flowing water systems.
Y ellow Perch Aquaculture Workshaop,
Spring Lake, Michigan, June 15-16,
1995.

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

Williams, F. 1995. Federd grant
opportunities? Ydlow 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 Centra
Regiona Aquaculture Conference,
Kaamazoo, Michigan, March 18-21,
1991.

Yackey, C., S. Kolkovski, and K.
Dabrowski. 1997. Weaning diets for
ydlow perch (Perca flavescens)—
suitability of commercid, semi-
commercid, and experimenta 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

Annual Progress Report 1999-00

Page 100



APPENDIX

perch Perca flavescens. International
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. Twibell, Y. Jonker, and
K.A. Wilson. 1997. Evduation of three
soybean products in diets fed to juvenile
hybrid striped bass Morone saxatilis x
M. chrysops. Journd of the World
Aquaculture Society 28:215-223.

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

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

Kohler, C.C. 1997. White bass production
and broodstock development. Pages 169-
185 in R.M. Harrell, editor. Striped bass
and other Morone culture. Elsevier
Press, Amsterdam.

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.

Morris, JE., C.C. Kohler, and C.C.
Mischke. 1999. Pond culture of hybrid
griped bassin the North Central Region.
NCRAC Fact Sheet Series #107,
NCRAC Publications Office, lowa State
Univerdty, Ames.

Myers, J.J. 1999. Acute responses to sainity
for sunshine bass and pametto bass.
Madgter’ sthess. Southern Illinois
University-Carbondae.

Myers, J.J., and C.C. Kohler. 2000. Acute
responses to sdinity for sunshine bass
and pametto bass. North American
Journal of Aquaculture 62:195-202.

Settor, K. 1998. Evauation of different
dengties for hybrid striped bass
(Morone saxatilis x M. chrysops) in
cages and small-scae recirculation
sysem. Magter’ sthesis. Purdue
University, West Lafayette, Indiana

Woods, L.C., C.C. Kohler, R.J. Sheehan,
and C.V. Sullivan. 1995. Valitiond tank
sgpawning of femae striped bass with
male 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 Aquaculture Society.

Kohler, C.C. In press. Striped bass and
hybrid striped bass aquaculture. In R.R.
Stickney, editor. Encyclopedia of
aquaculture, Wiley Science, New Y ork.

Morris, JE., and C.C. Kohler. In review.
Pond culture of hybrid striped bass
fingerlingsin the Midwest. NCRAC
Fact Sheet Series #107, NCRAC
Publications Office, lowa State
Univerdty, Ames.

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

Papers Presented

Brown, P.B., R. Twibdll, Y. Hodgin, and K.
Wilson. 1995. Soybeansin dietsfed to
hybrid striped bass. 24" Annud Fish
Feed and Nuitrition Workshop,
Columbus, Ohio, October 19-21, 1995.

Brown, P.B., Y. Hodgin, R. Twibell, and
K.A. Wilson. 1996. Use of three
soybean productsin diets fed to hybrid
striped bass. 27" Annud 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 trangportation, storage,
and fertility methods. 53 Midwest Fish
and Wildlife Conference, Des Moines,
lowa, November 30-December 4, 1991.

Brown, G.G., R.J. Sheehan, C.C. Kohler, C.
Habicht, L. Koutnik, L. Ellis, and L.D.
Brown. 1995. Use of cryopreservatives.
North Centrd Regiona Aquaculture
Center Hybrid Striped Bass Workshop,
Champaign, Illinois, November 2-4,
1995.

Brown, G.G., R.J. Sheehan, 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" Annua
Mesting Illinois Chapter of the

American Fisheries Society, Champaign,
[llinois, March 5-7, 1991.

Kohler, C.C. 1993. The farm fish of the
future: hybrid stripers. Aqua'93: 7"
Annua Minnesota Aquaculture
Conference, Alexandria, Minnesota,
March 5-6, 1993. (Invited paper)

Kohler, C.C. 1994. Hybrid striped bass
aquaculture. Y dlow Perch and Hybrid
Striped Bass Production: From Fry to
Frying Pan, Piketon, Ohio, July 3, 1994.

(Invited speaker)

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
gtriped bass culture in the North Central
Region and e'sawhere. 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, Indianapalis,
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.
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percids. First meeting of the European
Workgroup on Aquaculture of Percids,
Vaasa, Finland, August 23-24, 1995.

hybrid walleye. Pages 241-250 in R.C.
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Endocrinology Reproductive Physiology
Program Research Symposium,
Madison, Wisconsin, September 10,
1992.

Marty, G.D., D.E. Hinton, and R.C.
Summerfet. 1994. Histopathology of
svimbladder noninflation in walleye
(Stizostedion vitreum) larvae: role of
development and inflammation.
International Symposium on Aquetic
Anima Hedlth, September 4-8, 1994.

Moore, A., M. Prange, R.C. Summerfelt,
B.T. Bristow, and R.P. Bushman. 1995.
Culture of larvd wdleye, Stizostedion
vitreum, fed formulated feed. 26"
Annua Meting of the World
Aquaculture Society, San Diego,
Cdifornia, February 1-4, 1995.

Phillips, T.A., and R.C. Summerfelt. 1995.
Effects of feeding frequency on
metabolism and growth of fingerling
wadleyein 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
wadleyein intengve culture. lowa
Minnesota State Chapters, American
Fisheries Society, Okoboji, lowa,
February 21-23, 1995.

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

Summerfelt, R.C. 1989. Research of
activities of the NCRAC Walleye Work

Group on pond and intensive culture of
wadleye. Symposum on Aquaculture:
Current Developments and |ssues. 51
Midwest Fish & Wildlife Conference,
Springfield, Illinois, December 5-6,
1989.

Summerfelt, R.C. 1991. Pond production of
fingerling waleye in the northern Grest
Pains. Symposium on Strategies and
Tactics for Management of Fertilized
Hatchery Ponds, 121% Annud Medting
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 aternative hypotheses of its
etiology. Larvi '91: Internationd
Symposium on Fish and Crustacean
Larviculture, Ghent, Belgium, August
27-30, 1991.

Summerfet, R.C. 1991. Wdleye culture
research sponsored by the North Central
Regiond Aquaculture Center (NCRAC).
Waleye Technica Committee, North
Centra Divison, American Fisheries
Society, Work Group Mesting,
Dubuque, lowa, July 15-17, 1991.

Summerfdt, R.C. 1991. Culture of wdleye
for food: a status report. 5" Annua
Minnesota Aquaculture Conference, St.
Paul, Minnesota, March 8-9, 1991.

Summerfelt, R.C. 1992. Intensve waleye
fry production. Aqua'92, 6" Annud
Minnesota Aquaculture Conference,
Duluth, Minnesota, March 6-7, 1992.

(Invited speaker)

Summerfdt, R.C. 1992. Intengve 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
Meeting, Springbrook, March 3, 1992.
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Summerfelt, R.C. 1993. Production of
fingerling waleye in drainable ponds.
Aqua'93, 7" Annud Minnesota
Aquaculture Conference, Alexandria,
Minnesota, March 5-6, 1993. (Invited
speaker)

Summerfet, R.C. 1994. Fish biology: a
problem-solving tool for agquaculture,
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 Centra
and Ninth Annua Minnesota
Aquaculture Conference and Tradeshow
(Second North Centra Regiond
Aquaculture Conference), Minnegpolis,
Minnesota, February 17-18, 1995.

(Invited speaker)

Summerfelt, R.C. 1995. Pond culture of
walleyes. Aquaculture Conference ‘ 95.
Wisconsin Aquaculture Associgtion,
Stevens Point, Wisconsn March 17-18,
1995. (Invited speaker)

Summerfdt, R.C. 1997. Water quality

consderations for aguaculture. Third
North Centrd Regiona Aquaculture
Conference, Indianapalis, Indiana,
February 6-7.

Summerfelt, R.C., and B.T. Bristow. 1995.
Culture of larva walleye in clear, turbid,

and colored water. 1995. Coolwater Fish

Culture Workshop, State College,
Pennsylvania, January 8-10, 1995.

Hayward, R.S. 2000. Review of aguaculture
research at the University of Missouri-

Columbia. Harry K. Dupree Nationa
Aquaculture Center, September 29,
Stuttgart, Arkansas.

SUNFISH

Publicationsin Print

Brunson, M.W., and JE. Morris. 2000.
Species profile: sunfish. SRAC
Publication No. 724, Southern Regiona
Aquaculture Center, Stoneville,
Missssippi.

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. Noaltie, and N. Wang.
1997. Use of compensatory growth to
double hybrid sunfish growth rates.
Transactions of the American Fisheries
Society 126:316-322.

Hayward, R.S.,, N. Wang, and D.B. Noltie.
1999. Group holding impedes
compensatory growth of hybrid sunfish.
Aquaculture 183:43-52.

Miller, S. 1995. Tetragploid induction
protocols for bluegill sunfish, Lepomis
macrochirus, usng cold and pressure
shocks. Master’ sthesis. Michigan State
Universty, East Langng.

Mischke, C.C. 1995. Larvd bluegill culture
in the laboratory. Master’ sthess. lowa
State University, Ames.

Mischke, C.C., and J.E. Morris. 1997. Out-
of-season spawning of sunfish Lepomis
op. in the laboratory. Progressve Fish-
Culturist 59:297-302.

Mischke, C.C., and J.E. Morris. 1998.
Growth and survivd of larvd bluegills
in the laboratory under different feeding
Progressive Fish-Culturist 60:206-213.
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Mischke, C.C., and JE. Morris. 1998.
Review of bluegill and bluegill hybrid
aquaculture. Aquaculture Magazine
24(5):30-38.

Montes-Brunner, Y. 1992. Study of the
developmentd stages of bluegill
(Lepomis macrochirus) eggs usng
selected histological techniques.
Magter’ sthess. Michigan State
University, East Langng.

Read, E.R. 1994. Cage culture of black,
white and F, hybrid crappie (Pomoxis
species). Madter’ sthesis. Pittsburg State
University, Rittsburg, Kansas.

Thomas, G.L. 1995. Culture of white
crappie (Pomoxis annularis) ina
Recirculating System. Master’ sthesis,
Fittsburg State University, Pittsburg,
Kansas.

Wang, N., R.S. Hayward, and D.B. Noltie.
1998. Effect of feeding frequency on
food consumption, growth, size
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

Wang, N., R.S. Hayward, and D.B. Noltie.
2000. Effects of socid interaction on
growth of juvenile hybrid sunfish held at
two dendties. North American Journa
of Aquaculture 62:161-167.

Westmaas, A.R. 1992. Polyploidy induction
in bluegill sunfish (Lepomis
macrochirus) using cold and pressure
shocks. Master’ s thesis. Michigan State
Universty, East Lansing.

Wills, P.S. 1998. Induced triploidy in
Lepomis sunfish and assessment of uses

for triploid hybrid sunfish using a
risk/benefit modd. Doctord dissertation.
Southern llinois University,

Carbondale.

Wills, P.S,, JP. Paret, and R.J. Sheehan.
1994. Induced triploidy in Lepomis
sunfish and hybrids. Journd of the
World Aquaculture Society 25(4):47-60.

Manuscripts

Dvork, G., JE. Morris, and C.C. Mischke.
In review. Spawning behavior and early
life history. Pages4-11in C.C. Mischke
and JE. Morris, editors. Sunfish culture
guide. NCRAC Culture Series #102,
NCRAC Publications Office, lowa State
Univergty, Ames.

Garling, D. Inreview. Feefishing. Pages 44-
50in C.C. Mischke and J.E. Morris,
editors. Sunfish culture guide. NCRAC
Culture Series #102, NCRAC
Publications Office, lowa State
Univerdty, Ames.

Garling, D., P. Wilbert, A. Westmaas, S.
Miller, R. Sheehan, P. Wills, and J.
Paret. In review. Production of polyploid
sunfishes. Pages 35-43in C.C. Mischke
and JE. Morris, editors. Sunfish culture
guide. NCRAC Culture Series #102,
NCRAC Publications Office, lowa State
Univerdty, Ames.

Mischke, C.C., and J.E. Morris. In press.
Growth and surviva of Lepomis hybrid
larvae in the laboratory under different
feeding and temperature regimes. North
American Journd of Aquaculture.

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

Mischke, C.C., and J.E. Marris. In review.
Historical background. Pages 1-3in C.C.
Mischke and JE. Morris, editors.
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Sunfish culture guide. NCRAC Culture
Series#102, NCRAC Publications
Office, lowa State University, Ames.

Mischke, C.C., and JE. Morris. In review.
Culture methods. Pages 12-19in C.C.
Mischke and J.E. Morris, editors.
Sunfish culture guide. NCRAC Culture
Series #102, NCRAC Publications
Office, lowa State Universty, Ames.

Mischke, C.C., and J.E. Morris. In review.
Brood stock management. Pages 20-25
in C.C. Mischke and J.E. Morris, editors.
Sunfish culture guide. NCRAC Culture
Series #102, NCRAC Publications
Office, lowa State Univerdity, Ames.

Mischke, C.C., and J.E. Morris. In review.
Water temperature influences on
surviva and growth. Page 30in C.C.
Mischke and JE. Morris, editors.
Sunfish culture guide. NCRAC Culture
Series #102, NCRAC Publications
Office, lowa State University, Ames.

Mischke, C.C., and JE. Morris. In review.
Industry status. Pages 32-33in C.C.
Mischke and J.E. Morris, editors.
Sunfish culture guide. NCRAC Culture
Series #102, NCRAC Publications
Office, lowa State Universty, Ames.

Mischke, C.C., G. Dvorak, and J.E. Morris.
In review. Hybridization. Pages 26-29 in
C.C. Mischke and J.E. Morris, editors.
Sunfish culture guide. NCRAC Culture
Series #102, NCRAC Publications
Office, lowa State Univerdty, Ames.

Mischke, C.C., G.D. Dvorak, and J.E.
Morris. In press. Growth and survival of
Lepmos hybrid larvae in the laboratory
under different feeding and temperature
regimes. North American Journd of
Aquaculture.

Riche, M., and D. Garling. In review.
Cdculating chemica trestment rates.
Pages 51-59 in C.C. Mischke and J.E.

Morris, editors. Sunfish culture guide.
NCRAC Culture Series#102, NCRAC
Publications Office, lowa State
Univerdty, Ames.

Riche, M., and D. Garling. In review.
Collecting and submitting fish samples
for disease diagnoses. Pages 72-81 in
C.C. Mischke and J.E. Morris, editors.
Sunfish culture guide. NCRAC Culture
Series#102, NCRAC Publications
Office, lowa State Univerdty, Ames.

Sampson, T., and D. Garling. In review.
Common parasites of sunfish. Pages 63-
71in C.C. Mischke and JE. Morris,
editors. Sunfish culture guide. NCRAC
Culture Series#102, NCRAC
Publications Office, lowa State
Univerdty, Ames.

Wills, P.S., R.J. Sheehan, and SK. Allen, Jr.
Submitted. Histology and DNA content
indiploid and triploid hybrid sunfish.
Transactions of the American Fisheries
Society.

Papers Presented

Brown, P.B., and K. Wilson. 1994.
Experimenta and practical diet
evauations with hybrid bluegill. 25"
Annua Mesting of the World
Aquaculture Society, New Orleans,
Louisana, January 12-18, 1994.

Hayward, R.S. 1998. Strategies for
increasing growth rates and reducing
gze vaiaion in hybrid sunfish.

Missouri Joint Aquaculture Conference.
Springfidd, 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?
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127" Annua Mesting of the American
Fisheries Society, Monterey, Cdifornia,
August 24-28, 1997.

Kohler, C.C., and JE. Wetzel. 1997. Protein
requirements of hybrid sunfish, Lepomis
cyanellus x L. macrochirus, diets. 28"
Annua Mesting of the World
Aquaculture Society, Sedttle,
Washington, February 19-23, 1997.

Kohler, C.C., and J.E. Wetzdl. 1999. Sunfish
nutrition. North Centrd Regiond
Aquaculture Conference, Columbia,
Missouri, February 24-26, 1999.

Mischke, C.C., and JE. Morris. 1996.
Growth and survivd of larva bluegill
(Lepomis macrochirus) and hybrid
sunfish (green sunfish, L. cyanellus x
bluegill) in the laboratory under
different feeding regimes. lowa
Nebraska American Fisheries Society
Mesting, Council Bluffs, lowa, January
29-31, 1996.

Mischke, C.C., and JE. Morris. 1996. Early
spawning of bluegill. Midcontinent
Warmwater Fish Culture Workshop,
Council Bluffs, lowa, February 7, 1996.

Mischke, C.C., and J.E. Morris. 1996.
Growth and survivd of larva 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 Central and
Ninth Annua Minnesota Aquaculture
Conference and Tradeshow (Second
North Centrd Regiona Aquaculture
Conference), Minnegpolis, Minnesota,
February 17-18, 1995.

Morris, JE. 1995. Culture of bluegills under
laboratory conditions. Nebraska
Aquaculture Conference, North Platte,
Nebraska, March 25, 1995.

Morris, J.E. 1999. Overview of sunfish
culture. North Central Regiona
Aquaculture Conference, Columbia,
Missouri, February, 1999.

Morris, JE. Overview of sunifsh culturein
the U.S. Mid-Continenta Warmwater
fish Culture Workshop, Council Bluffs,
lowa, February 7-9, 2000.

Morris, J.E., and C.C. Mischke. 1999.
Oveview of sunfish culture.

Aquaculture America ‘99, Tampa,
Florida, January 27-30, 1999.

Morris, JE., C.C. Mischke, and G. Dike.
1997. Overview of Lepomis spp. culture
inthe U.S. 28" Annud Mesting of the
World Aquaculture Society, Sesitle,
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 at five temperatures.
Mesting of the Illinois 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 JE.
Seeb. 1993. Induced triploidy and
growth of Lepomis parenta species,
hybrid, and triploid hybrid &t five
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temperatures, 8 to 28°C. Prospects for
Polyploid Fish in Fisheries Management
Symposium, 123 Annua Mesting 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 species. North Central Regiona
Aquaculture Conference, Columbia,
Missouri, February 24-26, 1999.

Tetzlaff, B., and P. Wills. 1991. Current
trends in the culture of hybrid sunfish.
Firg North Central Regiona
Aquaculture Conference, Kalamazoo,
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, Indianapalis,
Indiana, December 4-7, 1994. Also
presented at the Kansas Commercia
Fish Growers Association Meeting,
McPherson, Kansas, February 2, 1995
and Kansas Academy of Science Annual
Meseting, Pittsburg State University,
Pittsburg, Kansas, April 7, 1995.

Wang, N., R.S. Hayward, and D.B. Noltie.
1997. Individud variaion in growth,
food consumption, and growth
efficiency of hybrid sunfish dueto
genetic differences. 127" Annud
Mesting of the American Fisheries
Society, Monterey, Cdifornia, August
24-28, 1997.

Westmasas, A.R., W. Young, and D. Garling.
1991. Induction of polyploidsin
bluegills and chinook salmon. Firgt
North Centrd Regiona Aquaculture
Conference, Kdamazoo, Michigan,
March 18-21, 1991.

Wetzd, JE., and C.C. Kohler. 1997. Effects
of protein levesin hybrid sunfish,
Lepomis cyanellus x L. macrochirus,

diets. lllinois Chapter of the American
Fisheries Society Annual Mexting,
Cdllinsville, lllinois, March 5-7, 1997.

Wills, P.S,, R.J. Sheehan, and SA. Allen, Jr.
1997. Sperm production, histology, and
relative DNA content in gonadd 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 gonada tissues
from diploid and triploid hybrid Lepomis
sunfish. Illinois Chapter of the American
Fisheries Society Annua Meeting,
Collinsville, Illinois, March 4-6, 1997.

Morris, JE. Overview of sunfish culturein
the U.S. Mid-Continentad Warmwater
Fish Culture Workshop, Council Bluffs,
lowa, February 7-9, 2000.

SALMONIDS

Publicationsin Print

Addlizi, PD., R.R. Rosati, K. Warner, Y.V.
Wu, T.R. Muench, M.R. White, and P.B.
Brown. 1998. Evauation of fish med-
free diets for rainbow trout,
Oncorhynchus mykiss. Aquaculture
Nutrition 4:255-262.

Cain,K.D.,and D.L. Garling. 1995.
Pretreastment of soy bean med for
sdmonid diets with phytase to reduce
phosphorus concentration in hatchery
effluents. Progressive Fish-Culturist
57:114-119.

Finck, JL. 1994. Activity of dl-femde and
mixed-sex rainbow trout (Oncorhynchus
mykiss) and their early growth and
surviva in comparison to dl-femde
triploids. Master's thesis, Southern
[llinois University-Carbondale.
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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 anima by-product based diets.
Proceedings of the 5" International
Symposium on the Reproductive
Physology of Fish, Audin, Texas, July
2-8, 1995.

Procarione, L.S., T.P. Barry, and JA.
Malison. 1999. Effects of high rearing
densties 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. Tota length to fork
length relationships of juvenile hatchery-
reared coho and chinook salmon.
Progressive Fish-Culturist 57:250-251.

Ramseyer, L.J. 1997. Nutritional strategies
for reducing pollutants in aguaculture
effluents. Doctord dissertation,
Michigan State University, East
Lanang.

Ramseyer, L., D.L. Garling, J., G. Hill, and
J. Link. 1999. Effect of dietary zinc
supplementation and phytase pre-
treatment of soybean meal or corn gluten
medl on growth, zinc Satus and zinc-
related metabolism in rainbow trout,
Oncorhynchus mykiss. Fish Physiology
and Biochemistry 20:251-261.

Riche, M. 1993. Phosphorus absorption
coefficients for rainbow trout
(Oncorhynchus mykiss) fed commercia
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. and P.B. Brown. 1999.
Incorporation of plant protein feedstuffs
into fish medl diets for rainbow trout
increases phosphorus availahility.
Aquaculture Nutrition 5:101-105.

Riche, M., M.R. White, and P.B. Brown.
1995. Barium carbonate as an dternative
indicator to chromic oxide for usein
digedtibility experiments with rainbow
trout. Nutrition Research 15:1323-1331.

Shasteen, S.P. 1995. Benefits of artificid
swimbladder deflation for depressurized
largemouth bass, walleye, and rainbow
trout in catch and release fisheries.
Mader'sthesis. Southern lllinois
Universty-Carbondae.

Suresh, A.V. 1996. Fiber growth and DNA,
RNA, and protein concentrationsin
white muscle tissue as indicators of
growth in diploid and triploid rainbow
trout, Oncor hynchus mykiss. Doctoral
dissartation. Southern lllinois
University-Carbondale.

Manuscripts

Lee, K.J., K. Dabrowski, S.C. Bai, and P.C.
Stromberg. Submitted. Mixture of
anima 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. In press. Fish medl
replacement by afish med andogin
juvenile rainbow trout. Journd of North
American Aquaculture.

Lesow, T., H. Ockerman, and K.
Dabrowski. Submitted. Chemical
compoasition, functiona properties and
sensory evauation of rainbow trout
fillets as effected by different feed
formulations. Journa of the World
Aquaculture Society.
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Sheehan, R.J., C. Habicht, and J.E. Seeb. In
preparation. Tolerance of diploid and
triploid chinook Salmon, 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-femdetriploids and
diploids outgrow mixed-sex diploid
rainbow trout. Transactions of the
American Fisheries Society.

Suresh, A.V., and R.J. Sheehan. In press.
Musdle fiber growth dynamicsin diploid
and triploid rainbow trout. Journa of
Fish Biology.

Suresh, A.V., and R.J. Sheehan. In press.
Biochemica and morphologicd
correlates of growth in diploid and
triploid rainbow trout. Journd of Fish

Biology.

Well, L.S, T.P. Barry, and JA. Malison. In
press. Superior growth is correlated with
argpid cortisol stressresponsein
rainbow trout. Aquaculture.

Papers Presented

Addiz, P., P. Brown, V. Wu, and R. Rosti.
1995. Fish meal-free diets for rainbow
trout. 24™ Annud 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.

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 lake trout (Salvelinus
namaycush). 123rd Annua Mesting 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 med and plant based diets.
Aquaculture America’ 99, Tampa,
Florida, January 27-30, 1999.

Brown, P.B. 1993. Sdmonid aquaculture in
the North Central Region. Seventh
Annua Minnesota Aquaculture
Conference, Alexandria, Minnesota,
March 5-6, 1993.

Brown, P.B., Y. Hodgin, K. Wilson, and J.
Stanley. 1996. Review of lecithinin
aquaculture and evauation of three
commercid lecithin productsin diets fed
to coho and Atlantic samon. 87" Annud
Mesting of the American Oil Chemigts
Society, Indiangpolis, Indiana, June 22-
24, 1996.

Dabrowski, K., A. Ciereszko, and S.C. Bai.
1998. Effects of fish med replacement
in rainbow trout diets on sperm quality.
29" Annua Meeting of the World
Aquaculture Society, Las Vegas,
Nevada, February 15-19, 1998.

Dabrowski, K, JH. Blom, K.J. Leg, A.
Cierszki, and J. Rinchard. 1998.
Cottonseed medl 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-femde rainbow trout in raceways.
Presented at the 55" Midwest Fish &
Wildlife Conference, Annua Mesting of
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the North-Centra Divison of the
American Fisheries Society, St. Louis,
Missouri, December 11-15, 1993.

(Invited paper)

Finck, JL., and R.J. Sheehan. 1993. Daily
activity patterns of mixed-sex and
al-female rainbow trout in raceways.
Presented at the Joint Meeting of the
[llinois and lowa Chapters of the
American Fisheries Society, Bettendorf,
lowa, February 16-18. (Awarded Best
Student Paper)

Haey, D.I., and D.L. Garling. 1999.
Evauation of phytase pretrestment on
al plant diets in rainbow trout
(Oncor hynchus mykiss). 30" Annud
Mesting of the World Aquaculture
Society, Sydney, Audtrdia, April 26-
May 2, 1999.

Lee, K.J, K. Dabrowski, JH. Blom, S.C.
Bai, and P. Stromberg. 1998. Fish meal
replacement by anima and plant protein
sourcesin juvenile rainbow trout,
Oncorhynchus mykiss diets. Fish
Nutrition Workshop, Pine Bluff,
Arkansas, August 13-15, 1998.

Lee K.J, K. Dabrowski, and G.
Mbahinzireki. 2000. Utilization of
cottonseed med in rainbow trout and
Niletilapia Gossypol enantiomersin
fish tissues. Aquaculture America 2000,
New Orleans, Louisiana, February 2-5,
2000.

Procarione, L.S., T.P. Barry, and JA.
Malison. 1996. A rapid corticosteroid
stress responseis correlated with
superior growth in rainbow trout.
Midwest Endocrinology Conference,
The Society of Integrative and
Comparative Biology, Madison,
Wisconsin, June 22-23, 1996.

Ramseyer, L.J,, and D.L. Garling. 1997.
Fish nutrition and aquaculture waste
management. Third North Centra

Regiona Aquaculture Conference,
Indianapalis, Indiana, February 6-7,
1997.

Riche, M., and P.B. Brown. 1993. Apparent
phosphorus absorption coefficients for
rainbow trout fed common feedstuffs.
24™ Annua Meeting of the World
Aquaculture Society, Torremoalinos,
Spain, May 26-28, 1993.

Riche, M., M.E. Griffin, and P.B. Brown.
1994. Effect of dietary phytase
pretreatment on phosphorus leaching
from rainbow trout feces. 25" Annud
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 managemen.
Presented at the University of Peru,
Amazonia, Iquitos, Peru, August 17,
1995. (Invited paper)

Sheehan, R.J., C. Habicht, and J.E. Seeb.
1994. Tolerance of triploid
Oncorhynchus (coho, chinook, and
rainbow trout) to aguaculture stressors.
Presented at the 56" 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 Centra Regiond Aquaculture
Conference, Kalamazoo, Michigan,
March 18-21, 1991.

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

NATIONAL
AQUACULTURE
EXTENSION
WORKSHOP/
CONFERENCE

Publicationsin Print

Proceedings of the National Extension
Aquaculture Workshop. 1992. National
Extenson Aquaculture Workshop,
Ferndale, Arkansas, March 3-7, 1992.

National Aquaculture Extension
Conference: A Program Summary of
Presentations, Posters and Aquaculture
Short Courses. 1997. National Extension
Aquaculture Conference, Annapolis,
Maryland, April 8-12, 1997. Maryland
Sea Grant Extension Publication
Number UM-SG-MAP-97-01, College
Park, Maryland. (Also available
eectronicdly a:
http://Amww.mdsg.umd.edu:80/extension
conf/summary.html)

CRAYFISH

Publicationsin Print

Brown, P., and J. Gunderson, editors. 1997.
Culture potentid of sdlected crayfishes
in the North Centrad Region. NCRAC
Technicd Bulletin Series #112, NCRAC
Publications Office, lowa State
Univerdty, 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
nesty inveder, the biology,
identification, and impacts of the rusty
crayfish. Minnesota Sea Grant Extension
Publication, University of Minnesota,
Duluth.

Richards, C., JL. 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 Raising
Crayfish and Y ellow Perch, Jasper,
Indiana, October 14-15, 1994.

Brown, P.B. 1994. Crayfish and aguatics.
rasing fish for profit. Indiana
Horticultural Congress, Indianapalis,
Indiana

Brown, P.B. 1995. Crayfish aguaculture 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, J.L. 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 Extenson Service
Aquaculture Seminar, Thief River Fls,
Minnesota, April 25, 1994.

Gunderson, J.L. 1994. Softshell crayfish
production. Workshop on Getting
Started in Commercia Aquaculture
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Raising Crayfish and Ydlow Perch,
Jasper, Indiana, October 14-15, 1994.

Gunderson, JL. 1995. Diversity in
aquaculture -- crawfish. Wisconsin
Aquaculture ‘95, Stevens Point,
Wisconsin, March 17, 1995.

BAITFISH

Publication in Print
Meronek, T.G. 1994. Status of the bait

industry in the North Central Region of
the United States. Master's thesis.
Universty of Wisconan, Stevens Point.

Meronek, T.G., F.A. Copes, and D.W.
Coble. 1995. A summary of bait
regulationsin the north centra United
States. Fisheries 20(11):16-23.

Papers Presented

Copes, F.A. 1993. Aquaculture shortcourse.

Sponsored by University of Wisconsn-
Sea Grant and Wisconsin Department of
Agriculture, Greenwood, Wisconan,
March 1993.

Copes, F.A. 1995. Baitfish aguaculture.
North Centrd Regiona Aquaculture
Conference/Ninth Annual Minnesota
Aquaculture Conference, Minnegpoalis,
Minnesota, February 1995.

Meronek, T.G. 1993. Survey of the bait
industry in the north centra United
States. Annud Mesting of the Michigan
Fish Farmers Association, Cadillac,
Michigan, February 1993.

Meronek, T.G. 1993. Survey of the bait
indugtry in the north Central United
States. Seventh Annud Minnesota
Aquaculture Conference, Alexandria,
Minnesota, March 1993.

Meronek, T.G. 1993. Survey of the bait
indudtry in the north central United

States. |llinois Fish Farmers Association,
Pana, Illinois, March 1993.

Meronek, T.G. 1994. Status of the bait
indugtry in the North Centrd Region.
Annua Mesting of the Wisconsin
Chapter of the American Fisheries
Society, Marinette, Wisconain, January
1994.

Meronek, T.G. 1994. Baitfish aguaculture
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 vertical screen filter while
growing Tilapia nilotica under
commercia conditions. Pages 303-214
in JK. Wang, editor. Techniques for
modern aquaculture. Publication No. P-
0293, American Society of Agricultura
Engineering, St. Joseph, Michigan.

Report

Yeo, S.E., and F.P. Binkowski. 1999.
Beneficid utilization of aguaculture
effluents and solids. Report submitted to
NCRAC, Michigan State Universty,
Eadt Lanang.

Manuscript

Maher, JP., |.R. Ademan, and J.N. Connor.
In preparation. Suspended solidsin
recirculating aguaculture sysems and
their effect on grown of tilgpia
(Oreochromis niloticus) and bluegill
(Lepomis macrochirus). North American
Journa of Aquaculture.

Papers Presented
Hinrichs, D., J. Webb, R. Rosati, and P.

Foley. 1994. Effluent characterization
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from the production of Oreochromis
niloticus in amodified Red Ewdd-dyle
recirculating system. 25" Annual
Mesting of the World Aquaculture
Society, New Orleans, Louisiana,
January 12-18, 1994.

Rosdti, R., D. Hinrichs, and J. Webb. 1994.
Biofilter performance during the
production of Oreochromis niloticusina
modified Red Ewdd-style recirculating
system. 124" Annua Mesting 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 vertical screen filter while
growing Tilapia nilotica under
commercid conditions. Techniques for
Modern Aquaculture, Specia Session at
the Annua Mesting of the American
Society of Agriculturd Engineering,
Spokane, Washington, June 21-23, 1993.

Rosdti, R., J. Webb, D. Hinrichs, and P.
Foley. 1993. Characterigtics of the
effluent from arecirculating aguaculture
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, Indianagpolis, Indiana,
December 4-7, 1994.

NATIONAL
AQUACULTURE
INAD/NADA
COORDINATOR

Publicationsin Print

Griffin, B.R., R.A. Schnick, and W.H.
Gingerich. 2000. Update on the Federa-
State Aquaculture Drug Approval
Project. Aquaculture Magazine
26(3):56-58.

Schnick, R.A. 1996. Chemicals and drugs.
Pages 347-354 in R.C. Summerfdit,
editor. Wadleye culture manua. NCRAC
Culture Series# 101, North Central
Regiond Aquaculture Center
Publications Office, lowa State
Univerdty, 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 61t North American
Wildlife and Naturd Resources
Conference 61.6-10.

Schnick, R.A. 1997. Internationa regulatory
aspects of chemica and drug residues.
Pages 186-194 in RE. Martin, R.L.
Collette, and JW. Savin, editors. Fish
ingpection, quality control, and HACCP:
agloba focus. Technomic Publishing
Company, Inc., Lancaster, Pennsylvania.

Schnick, R.A. 1998. Approvd of drugs and
chemicdsfor use by the aquaculture
industry. Veterinary and Human
Toxicology 40(Supplement):9-17.

Schnick, R.A. 1999. Use of chemicdsin
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.
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Schnick, R.A. 2000. Efficacy data needed
for high priority aguaculture drugs.
American Fisheries Society Fish Hedlth
Newdetter 28(2):3.

Schnick, R.A., and R.D. Armstrong. 1997.
Aquaculture drug approva progressin
the United States. Northern Aquaculture
Supplement (Samon Hedth Report):22-
28.

Schnick, R.A., and P. Smith. 1999.
Internationa harmonisation of
antibacteriad agent approvals and
susceptibility testing. EAFP Bulletin
19(6):293-294.

Schnick, R.A., W.H. Gingerich, and K.H.
Koltes. 1996. Federa-state aquaculture
drug regigtration partnership: A success
in the making. Fisheries 21(5):4.

Schnick, R.A., D.J. Alderman, R.
Armgrong, R. Le Gouvdlo, S. Ishihara,
E.D. Lacierda, S. Perciva, and M. Roth.
1997. Worldwide aguaculture drugs and
vaccine regidration 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. Meeting 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 FHorida Aquaculture Association
Conference, Fort Pierce, November 6,
1993.

Ringer, RK. 1994. Nationa INAD
Coordinator’ s role in aquaculture. 25"
Annua Meting of the World
Aquaculture Society, New Orleans,
January 12-18, 1994.

Ringer, R.K. 1994. State of current USDA
regulations on drug, thergpeutic, and
chemicd use. North Carolina
Aquaculture Development Conference,
New Bern, February 5, 1994.

Ringer, R.K. 1994. Investigationa New
Anima Drugs Workshop. Tropicd and
Subtropica Regiond Aquaculture
Center Industry Advisory Council
Mesting, Honolulu, Hawaii, March 14,
1994.

Schnick, R.A. 1995. Idaho Aquaculture
Asocidion Annud Mesting, Twin
Falls, Idaho, May 19-22, 1995.

Schnick, RA. 1995. Chemidry 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
Association, Twin Fdls, Idaho,
September 27-30, 1995.
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Schnick, R.A. 1995. Activities of the
Nationa Coordinator for Aquaculture
New Anima Drug Applications. Annud
mesting of the National 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 agquaculture
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, Cdifornia, 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-gill lice, becterid gill
disease, furunculoss, etc. Annud
Mesting of the Michigan Aquaculture
Asociation, Eagt Lansing, Michigan,
February 23, 1996.

Schnick, R.A. 1996. Status of agquaculture
drug development. Greet Lakes Fish
Disease Workshop, La Crosse,
Wisconsin, February 28, 1996.

Schnick, R.A. 1996. Advancesin
thergpeutants. Southeastern Fish
Diagnogticians Workshop, Mississippi
State, Mississippi, March 13-14, 1996.

Schnick, R.A. 1996. Report on progress and

research study objectives of the Federd-
State Drug Regigration Partnership.
Mesting of the International Association
of Fish and Wildlife Agencies, ad hoc
Committee on Aquaculture, Tulsa,
Oklahoma, March 24, 1996.

Schnick, R.A. 1996. Cooperative fish

thergpeutic funding initiative—States in
partnership with Federal agenciesto
enaure the future of public fish culture.
61% North American Conference on
Wildlife and Natural Resources, Tulsa,
Oklahoma, March 24-28, 1996.

Schnick, R.A. 1996. Internationa regulatory

aspects of chemicd and drug residues.
Internationa Conference on Fish

Ingpection and Qudity, Arlington,
Virginia, May 19-24, 1996.

Schnick, R.A. 1996. Aquaculture drug

approval progressin the United States.
Aquaculture Canada ‘96, 13" Annud
Mesting of the Aquaculture Association
of Canada, Ottawa, Ontario, June 2-5,
1996.

Schnick, R.AA. 1996. Summary of activities

of the National Coordinator for
Aquaculture New Anima Drug
Applications (NADAS): (May 15, 1995
to May 14, 1996). Mesting 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, International
Project update, short-term INAD/NADA
needs. FVS INAD Coordination
Workshop, Bozeman, Montana, August
14-15, 1996.

Schnick, R.A. 1996. The procedures and

respongbilities related to the amoxicillin
INAD. Meseting of the Fish Growers of
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America, Memphis, Tennessee, October
2, 1996.

Schnick, R.A. 1996. Overview of pivota
study protocol requirements.
Chloramine-T Pivotd Efficacy Protocol
Deve opment 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 aquaculture drug
gpprovals. Partnerships for Aquaculture
Drug Approvals Mode s for Success.
Chair of Specia Session at 28" Annud
Mesting of the World Aquaculture
Society, Sesttle, Washington, February
19-23, 1997.

Schnick, R.A. 1997. Current status and
future needs for drugs in aquaculture:
regiona needs. Workshop on
International Harmonization for Drugs
and Biologics, Seeitle, Washington,
February 24, 1997.

Schnick, R.A. 1997. Aquaculture drug
gpprova progress for the catfish
indugtry. Catfish Farmers of America
1997 Nationd 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.
Firg Meeting of the IAFWA Drug
Approval Oversght Subcommittee, Hot
Springs, Arkansas, May 5, 1997.

Schnick, R.A. 1997. Review of the
November 1996 chloramine-T data
requirements, Data cdl-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 Quality
Assurance in Aquaculture Production,
Washington, D.C., August 21-22, 1997.

Schnick, R.A. 1997. Worldwide aquaculture
drug approvas through partnershipsin
the United States. Seminar to Schering-
Pough Anima Hedth, Union, New
Jersey, August 26, 1997.

Schnick, R.A. 1997. Progress with
registration of drugs and vaccines for
aquaculture: introduction and the United
States. Chair and presenter at Workshop
on “Modéels of Partnership for
Regidration of Drugs and Vaccines’ and
“Round Table on Progress with
Regidration of Drugs and Vaccines for
Aqueculture,” EAFP Eighth
International 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
gpprova activities. Aquaculture Drugs
and Chemicals Approva Update,
Arlington, Virginia, September 30,
1997.

Schnick, R.A. 1997. Partia support for
Nationd Coordinator for Aquaculture
New Anima Drug Applications.
WRAC IAC/TC Mesting, Reno,
Nevada, October 20-21, 1997.

Schnick, R.A. 1998. Priorities subcommittee
report. Workshop on International
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Harmonization of Aquaculture Drugs
and Biologics, Las Vegas, Nevada,
February 15, 1998.

Schnick, R.A. 1998. Upcoming successes
for aguaculture drug gpprovasin the
United States through unique
partnerships. Specid Session,

“ Aquaculture drug approval s—a success
story about to happen,” 29" Annud
Mesting of the World Aquaculture
Society, Las Vegas, Nevada, February
15-19, 1998.

Schnick, R.A. 1998. Progress on 5-year plan
items (Planitems ], 2, 12, and 13).
Working Group on Qudity Assurancein
Aquaculture Production, 29" Annual
Mesting of the World Aquaculture
Society, Las Vegas, Nevada, February
15-19, 1998.

Schnick, R.A. 1998. Introduction and
discussion of INADs and extra-label use.
Specid Sesson, “Aquaculture drug
approvals through producer INADS?,”
29" Annua Meeting of the World
Aquaculture Society, Las Vegas,
Nevada, February 15-19, 1998.

Schnick, R.A. 1998. INADs and other drug
business. PNFHPC mesting, 29" Annud
Meseting of the World Aquaculture
Society, Las Vegas, Nevada, February
15-19, 1998.

Schnick, R.A. 1998. Aquaculture drug
approva update. Meeting of the
Aquaculture & Seafood Advisory
Committee, American Veterinary
Medica Association, 29" Annud
Mesting of the World Aquaculture
Society, Las Vegas, Nevada, February
15-19, 1998.

Schnick, R.A. 1998. Progress on aguaculture
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 Committeg, North American
Natural Resources Conference, Orlando,
Florida, March 20-24, 1998.

Schnick, R.A. 1998. Use of chemicdsin
fish management and fish culture: past
and future. Symposium, “Xenobiotic
metaboliam in fish,” American Chemica
Society, Ddlas, Texas, March 29-Apil
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. FWS-INAD
Coordination Workshop, Bozeman,
Montana, August 4-5, 1998.

Schnick, R.A. 1998. NADA Coordinator
update. Meeting of the JSA Working
Group on Qudlity Assurancein
Aquaculture Production, Washington,
D.C., September 4, 1998.

Schnick, R.A. 1998. Overview of the
activities of the Nationa Coordinator for
Aquaculture New Anima Drug
Applications and suggestions for
enhancing didogue with the Minor Use
Anima Drug Program. Mesting of the
Minor Use Animd Drug Program
Technica Committee for NRSP-7,
Rockville, Maryland, September 22,
1998.

Schnick, R.A. 1998. The effect of the
Animd Drug Avallability Act of 1996
and the FDA Modernization Act of 1997
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on gpprovals of animd hedth products
for minor species’minor uses. 1998
Animd Hedth Inditute Joint Mesting,
San Diego, Cdifornia, 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
internationd aspects of antimicrobia
sengtivity determination and the need
for harmonization in aquaculture drugs.
Workshop on MIC Methodology (EU
Concerted Action - Fair-CT97-3760),
Weymouth, England, November 24-27,
1998.

Schnick, R.A. 1999. Nationd 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 approvds through
producer INADs,” Aquaculture America
‘99, Tampa, Florida, January 27-30,
1999.

Schnick, R.A. 1999. Update on activities of
the Nationa Coordinator for
Aquaculture New Anima Drug
Applications. Meeting of the Joint
Subcommittee on Aquaculture, Working
Group on Qudlity Assurancein
Aquaculture Production, Aquaculture
America ‘99, Tampa, Florida, January
27-30, 1999.

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
approvd progress for the catfish
industry. Annua Meeting of the Catfish
Farmers of America, New Orleans,
Louisiana, February 18-20, 1999.

Schnick, R.A. 1999. Advances in fishery
chemicas. 1999 Colorado/Wyoming
AFS Medting, “Reding in the next
millennium,” Cheyenne, Wyoming,
March 1-3, 1999.

Schnick, R.A. 1999. Overview of florfenicol
approva process. Coordination meeting
for florfenical efficacy dudies, La
Crosse, Wisconsin, March 17-18, 1999.

Schnick, R.A. 1999. Progress and issues
related to the federd-state aguaculture
drug approva partnership. Meeting of
the IAFWA Drug Approva Oversight
Subcommittee, San Francisco,
Cdlifornia, March 25-28, 1999.

Schnick, R.A. 1999. International
cooperation toward aguaculture drug
approvals. 30" Annuad Megting of the
World Aquaculture Society, Sydney,
Audtraia, April 26-May 2, 1999.
(Keynote address)

Schnick, R.A. 1999. USA programs rel ated
to aquaculture drug approval
development and issues. Augtrdian
Department of Agriculture, Fisheries and
Forestry, Canberra, Austraia, 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.
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Schnick, R.A. 1999. Internationa
harmonisation of antibacterid agent
gpprovals and susceptibility testing.
Chaired Workshop at European
Association of Fish Pathologists 9"
International Conference, “ Diseases of
Fish and Shellfish,” Rhodes, Greece,
September 19-24, 1999.

Schnick, R.A. 2000. Nationa Coordinator
for Aquaculture New Anima Drug
Applications update. Working Group on
Qudity Assurance in Aquaculture
Production at Aquaculture America
2000, New Orleans, Louisiana, February
2, 2000.

Schnick, R.A. 2000. Introduction and
background to the MUMS legidation.
Specid Sesson “Future drug approva
process. MUMS opportunities,”
Aquaculture America 2000, New
Orleans, Louisiana, February 2-5, 2000.

Schnick, R.A. 2000. Y ou can make a
difference. Special Sesson “Future drug
approval processs MUMS
opportunities.” Aquaculture America
2000, New Orleans, Louisiana, February
2-5, 2000.

Schnick, R.A. 2000. Drug approvas. Mid-
Continent Warmwaeter Fish Culture
Workshop, Council Bluffs, lowa,
February 7-8, 2000.

Schnick, R.A. 2000. New drug approva
progress. Missouri Aquaculture
Association Annua Meeting, Cape
Girardeau, Missouri, February 22-23,
2000.

Schnick, R.A. 2000. Update on the Federal-
State Aquaculture Drug Approva
Project. International Association for
Fish and Wildlife Agencies, Drug
Approva Working Group Mesting,
Chicago, Illinois, March 26, 2000.

TILAPIA

Publicationsin Print

Booton, G.C., L. Kaufman, M. Chandler, R.
Oguto-Ohwayo, W. Duan, and P. Fuerst.
1999. Evolution of the ribosoma RNA
internal transcribed spacer one (ITS1)
in cichlid fishes of the Lake Victoria
region. Molecular Phylogenetics and
Evolution 11:273-282

Fiumera, A.C. 1997. Use of microsatdllite
DNA to egtimate the loss of genetic
divergty 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 microsatdliteloci to estimate
the effective population Sze of a
captive-bred Lake Victoriacichlid
managed within the Species Survivd
Plan (SSP). Ohio Journal of Science 97
(2):A-31.

Fiumera, A.C,, and P.A. Fuerst. 1997. Use
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SOME COMMONLY USED ABBREVIATIONS AND ACRONYMS

min minute(es)

mL milliliter(s)

mm millimeter(s)

MSU Michigan State University

N number

NADA New Animal Drug Applications

NCR North Central Region

NCRAC North Central Regional
Adquaculture Center

NDSU North Dakota State University

NOSB National Organic Standards Board

osu Ohio State University

oz ounce(s)

ppm parts per million

Purdue Purdue University

RAC(s) Regional Aquaculture Center(s)

RAS recirculating aquaculture systems

sec second(s)

SGR specific growth rate

SluC Southern Illinois University-
Carbondale

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

TL total length

TSS total suspended solids

UM University of Minnesota

University of Missouri

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

BOD Board of Directors

°C degrees Celsius

CG compensatory growth

CES Cooperative Extension Service

cm centimeter

°F degrees Fahrenheit

FDA Food and Drug Administration

FMA fish meal analog

ft, ft3 foot, cubic foot

g gram(s)

gal gallon(s)

GOC growth overcompensation

h hour(s)

ha hectare(s)

HACCP Hazard Analysis Critical Control
Points

hcG human chorionic gonadotropin

hr hour(s)

IAC Industry Advisory Council

IAFWA International Association of Fish
and Wildlife Agencies

IGF-I insulin-like growth factor

in inch(es)

INAD Investigational New Animal Drug

ISU Illinois State University

lowa State University

JSA Joint Subcommittee on Aquaculturd

kg kilogram(s)

L liter(s)

Ib pound(s)

Lpm liters per minute

m, m? meter, cubic meter

pum micrometer

mg milligram(s)




