


LRCULATING COPY
Sea Grant Depository

Pricea: §1.50

For more coples contact:

Sea Grant Communications Office
1800 Univernicy Avenue
Madiwon, W1 53706

(b0B) 263-125%9

The Univernity of Wisconuin Sea firant College Program
{2 sponsered by the National Oceanic and Atmospheric
Admintistration’s 0ffice of Sea Grant, U.S. Department
of Commerce, and by the State of Wisconsin.



(Jesed - wW-75-00) ¢.3

CIRCULATING COPY
Sea G:ant Don-sitary

LOAN COPY ONLY

AQUACULTURE:

RATSING PERCH FOR THE MIDWEST MARKET

Proceedings of a conference asponsored by
the University of Wisconsin Sea Grant
College Program, the Department of Food
Science and the Univeraity of Wisconsin-
Extenaion on April 16, 1975.

UNIVERSITY OF WISCONSIN SEA GRANT COLLEGE PROGRAM
Advisory Report #13
June 1975






TABLE OF CONTENTS

Foreword Al
Gregory D. Hedden o
Purpose of the Conference vii
Professor Harold E. Calbert
Perch = The Industry's Needs
The Restaurant Trade and [.ake Perch Aquaculture 1
Robert Follett
The Institutional Trade 3
Marvin Spira
The Direct Conmsumer Market i
Bert Smith
Aquaculture: Facilities for the Raising of Yellow Perch (Fereu
Flavegcers) in o Controlled Environment System 15
Professor David A. Stuiber
Water Reconditioning for Fish Production 29
Professor John T. Quigley
Licensing Requirements for Aquacuiture _ 41
John Klingbiel
Potential - Some Economics of Fish Production 45
Professor Richard Vilstrup
Fish Nutrition 61
Leo E. Orme
Disease Prevention and Control in Closed Systems 73
Fred P. Meyer and James W. Warren
Summary 85

Professor Robert A. Ragotzkle

141






FOREWORD

Aquaculture is not a new concept. For ceaturies, man has been raising
fish for foed. But the tremendous interest in perch aquaculture which has
emerged in Wisconsin recently 18 very new.

In part, this interest 1is the result of the conditicn of the natural
perch fishery. Perch is one of the speciles most in demand fn this region,
but during the past five years increasing contaminants in the Great Lakes
and decreasing catches have suggested that sn alternate supply of fish must
be found to meet the needs of the commercial market.

Little experience in the commercial raising of perch has been reported
and 8o the University of Wiscongin Sea Grant College Program launched a perch
aquaculture research project in 1973. The researchers sought to establish
a broad base of nutritional studies, design the physical facilities and
develop parameters for tank culture operations.

Research preogress during the past two vears has been substantial and
public interest in the project has continued to grow wmuch faster than antici-~
pated. Harold Calbert, coordinator of the aquaculture research, suggested that
a general conference be held to report progress to this interested public.

The conference was held April 16, 1975 and the papers delivered at that meeting
are lncluded in this volume. Though research work 1s continuing and much
remains to be learned about raising perch for market, these proceedings do
represent a broad, if brief, summary of the work to date.

Flve hundred people attended the April conference and many, many more
expressed keen interest in the subject. Because of this interest and the
comnitment of Sea Grant investigators, the conference turned out to be a
great success. Several people, not directly affiliated with the University
of Wisconsin Sea Grant College Program were instrumental in this success. We
wish to thank Mr. Marvin Spira, Mr. Robert Follett, Mr. Bert Smith, Mr. John
Kiingbiel, Mr. Fred Meyer, Mr. James Warren and Mr. Leo Orme for their par-
ticipation in the conference and their contributions tc this proceedings.

We would alaso like to thank members of the Sea Grant staff and invest{-
gators who made the meeting and this proceedings possible — particularly
Julie Dolinky who handled regiscration and helped coordinate the conference.

Finally our thanks to the National Oceanic and Atmospheric Administration,
U.S. Department of Commerce, and the state of Wisconsin who have supported
this research from the beginning. We also greatly appreclate the research
support from the Vita Plus Corporation, Moore's Food Products and the Wis-
consin Cold Storage Company. These companies have cooperated to support an
aquaculture demonstration facllity on the outskirts of Madison where members
of the aquaculture research team are trying out their techniques on a semi-
commercial scale. The success of this endeavor will provide some indicatiom
of the role that perch aquaculture may play in Wiaconsin's future.

Gregory D. Hedden, Conference Coordinator
Director — Sea Grant Advisory Services






PURPOSE OF THE CONFERENCE
Professor Harold E. Calbert

Chairman, Department of Food Science
University of Wisconsin-Madison

0o behalf of the University of Wisconsin, the Sea Grant Program, the
College of Agricultural and Life Sciences and the research personnel conceraed
with the aquaculture program I would like to welcome you to this conference.
None of us realized when planning this conference that the response would be
g0 tremendous. The program ccordinator's office has informed me that it was
necessary to return as many applications for registration as were accepted.

For this, all of us extend our most sincere apologies. However, the facilities
that were available mandated the number of conference participants.

Thig conference will serve several purposes. First, it provides an oppotr-
tunity for the research workers on the aquaculture project tv present progress
reports of their studies concerning the raising of yellow perch under controlled
environmental conditiona. Second, the basic principles that must be followed in
establishing an aquaculture system for the raising of these species will be high-
lighted by the speakers. Third, the marketing of the fish and the market demand
for these species will be discussed. Fourth, and probably the most important
to those In attendance, the information fo be presented will serve as a basis
upon which you can made decisfons as to whether or not you wish to consider
egtablishing an aquaculture operation and becoming a fish farmer.

The research on this project has been underway a little over three vears.
There is no intention om the part of any of today's speakers to convey the idea
that the answer to every problem that might arise in an aquaculture operation
has been found. As today's presentations unfold I believe that each of you
will become aware of how much 1s involved in establishing a system in which
yellow perch can be raised profitably for the commercial market. It requires
indoor facilities, tanks, and equipment for rearing fish, a reliable water
supply and special fish feeds. Depending on size, it can require a considerable
capital investment. As yet the supply of fingerlings that are available for
fish farming are very limited. Once in operation extreme care must be taken
to prevent and control disease. Like any other type of farming venture, to
be successful fish farming requires certain skills and knowledge, hard work,
investments and considerable luck.

Mevertheless, those of us who have been associated with the aquaculture
project are optimistic. We can foresee the time when it will become a new
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industry in the upper Midwest. To what extent fish farming will progress will

depend on the fngenuity and imaginativeness of those engaged im it. We believe
that {t has a promising future. Tt is hoped that this conference will serve as
the push that will open the door of opportunity for many of you.

Again, I want to welcome you to the meeting. We want to thank you for your
interest in what we think will be a very exciting new venture. We hope that
today 1s the beginning of a fine relationship between a potential new industry
and the personnel of the university and related agencies that are concerned with

aquaculture.
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THE RESTAURANT TRADE AND LAKE PERCH AQUACULTURE

Robert Follett
Anchor Fish and Seafood, Appleton, Wiscoensin

Due to an l(ocrease in demand and a sharp drop in commercial lake perch
production, the yellow lake perch may soon disappear from the menus of many
fine restaurants throughout midwestern United States. Today the need for
lake perch aquaculture is very real and apparent; however, in the future
that need will have multiplied many times. In order for processors and dis-
tributors to maintain a continuity of supply, it is inevitable that lake
perch must be commercially growm on fish farms.

The rraditional Friday fish fry has increased restaurant sales volume to
a point where Friday has become their most profitable day of the week. Con-
Bequently, many restauranteurs are now serving perch on their daily menus.
Hiastorically Wisconsin has consumed over 75 percent of the rotal Great Lakes
lake perch production, the remaining 25 percent being consumed along the
coastal areas of other Great Lakes states. In vears of good commercial fish-
ery production, Wisconsin consumes approximately 20 to 25 million pounds of
lake perch a year. The vast majority of these fish are sold to taverns, res-
taurants and supper clubs. With more and more people eating out every year,
the demand for lake perch will increase faster than it ever has before. It
has become very evident in the last five years that as people are becoming
more cognizant of the dietary and nutritional values of figh, per capita con-
sumption of fish has risen. The 1973 per capita consumption of fish in the
U.S. was 12.6 pounds, which has increased over 50 percent in the last 20 years.
In contrast to this, in countries where fish are more plentiful, as in the
Scandinavian countries, fish consumption per capita averages 54 pounds per
year.

In short, I feel that with the help of aquaculture, lake perch consump-
tion could be greatly increased. Lake perch aquaculturists could supply the
processors with a considerably fresher and more uniform product than has
ever been served in restaurants before. With this fresher, higher quality,
better eating product, fish sales in restaurants would Iincrease at a fantas-
tic growth rate. With an abundant supply of lake perch, fish frys could be
promoted in other parts of the country, as Wisconsin has promoted them in the
past.

The Lake Erie commercial fishery has always been the largest contributing
factor to the midwestern lake perch market, supplying it with 80 to 85 per-
cent of {ts fish. During 1969, the Lake Erie commercial fishery produced 33



aillion pounds of round lake perch. Since then productivn has declined to

%5 million pounds in 1974. Through rescarch and periodic sampling of fish
rom Lake Erie, U.S. Fish aund Wildlife biologists at Sandusky, Ohiuv forecast

that 1975 production will continue to decrease another one to two milliom
pounds.

No change for the better is anticipated until such a time when there is
ancther successful hatch &nd year class survival comparable to that of 1965.
However, when we do have our next successful hatch it will! take three to five
years for these perch fry to mature to marketable size. If we were even
that fortunate this year for such a hatch, it would be 1978 or 1979 before
this class of figh could be marketed, Due to strong demand and extreme short-
ages, prices of yellow lake perch have climbed sharply. Round lake perch
Prices in 1969 averaged $.17 per pound, whereas 1974 prices averaged $.35

per pound. It is obvicus that {f production again declines in 1975, prices
will move even higher.

In order to supply restaurants with farm raised lake perch, processors
will need round, healthy fish which are disease free, taken from water at
the peak of freshness, iced and delivered to processing plants dallv on a
year-round basis. This would eliminate the need for warehousing huge amounts
of fish during months of the year when fish were unavailable. This would be
4 savings to the processor in warchousing and interest charges. Round lake
perch averaging three fish to the pound or nine to ten inches in length are
most desirable, When processed these fillets will then average 1-1/4 ounce
each or approximately 12 to 13 single fillets per pound. This size of fillet
is most commonly used by the restaurant industry. Uniform grading of round
lake perch would enable the processor to deliver graded fillets to the res-
taurant. In this way, the restauranteur will be able to control his food
cost and insure himself a reasonable profit.

1 feel that aquaculture raised perch should be priced competitively at
the outset, with those fish commercially harvested from the Great Lakes.
Eventually both fish would seek their own price level.

If the commercial fishery could once again produce lake perch as in the
past, I honestly feel that there would be no problem whatsoever marketing the
surplus. Several years age the Canadian fishery exported thousands of pounds
of lake perch fillets to western Germany. However, this year we have lmported
huge amounts of lake perch from Holland to fil1l the void left by the declining
commercial lake perch production. The quality and flavor of Great Lakes lake
perch is far superior to any imported lake perch.

All in all, for processors and distributors to supply restaurants with
lake perch, it is most imperative that they be commercially raised on fish
farms. If you as lake perch aquaculturists can build a successful, profitable
industry, then and only then, can we as processors, dealers, fish brokers,
and most important restsuranteurs, market all the lake perch you can produce.
The challenge of this venture is in our hands!



THE INSTITUTIONAL TRADE

Marvin Spira

Moore's Food Products, Inc.
Fort Atkinson, Wisconsin

Moore's Food Products has been in the production and marketing of raw
breaded fish products, onion rings, etc., on a national basis for the last 15
years, and on a more regional structure for 30 years. Ome of the leading items
has been raw, breaded lake perch.

When T first came to Moore's in 1970, the sight which greated me was
aquariums in every office, test kitchens, laboratories and warehouses. The
immediate impression was that Moore's had become very involved in this project,
and had come to the conclusion that there was a substantial future to be in-
vestigated in the marketing and sales of freshwater fish.

We are all aware, marketing wise, that the shortage of this product has
hampered our development into other regions of the country. We have all we
can do right now to fill the requirements of the immediate Great Lakes area.
We even had to go so far as to repurchase, from ome of our distributers, a couple
of cases of perch that we could sample to everyone here at the seminar. To put
two cases of lake perch into our freezer and hold them for a few weeks until
they could be delivered here to the universityproved noc small security problem.
The demand is great enough that we were afraid they would disappear into some
long-standing back corder.

0f course, initially the large demand for lake perch was not created by
its shortage. The regfonal popularity was due to its wonderful taste and the
easy methods of serving — fish fries, lunches, etc. The taste, texture, size,
ease of preparation — such as pan fried in butter, french fried in batter and
crisp breading — and cthe fact that It was an easy fish to catch in the Great
Lakes and a very popular pan fish for the sport fisherman, created, over the
years, an accessibility and taste preference.

Feculiar to the Wisconein region is the Friday night fish fry at which
thousands and thousands of pounds of breaded fish are served. This still exists
today and I don't think there are many areas in the country that offer this
unique presentation.



It i 5 :

not onlylﬁeiirinfi?btr?tlng to know that the potential market for lake perch is
of the country WaehMldwest Great Lakes region, but can be spread to all parts
rely on Ellotmént E ave, because of the shortage, frequently been forced to
seven monthe. pov. asis of selling to our customers, and for the past six or
orders even gefiilnghalmDSt all of this supply in poundage sold on standing

the poténfial - : t'ey are processed. We have, however, in order to determine
various replone EhEtlng and sales picture of this product, introduced it into
have lake .perch b zough our broker representatives. At the present time, we
Colorado, Flopid eing sold in the states of Washington, California, Texas,
Maine éhil tha, North and South Carolina, New York, Pennsylvania and even 1in
they were ?narkestedﬂa;es account for only two percent of our total sales
test region of t: ei there only to determine the popularity in some small

. € ltem, whether they would be a market in which we could, later
N, establish some footholds in the institutional or food service area.

. th:ecgzli, of zourse, established this fact. Lake perch can be sold anywhere
tockns ues‘ Zydan given an adequate supply, our marketing procedures, advertising
: q » end-user work, etc., can be put into effect. It is reasonable to
ssume t?at a fish this delightful in taste can be sold as easily in Maine or
California, Florida or Washington, as caun red snapper, cod, lobster, etc., be
sol? in the Midwest area, and with the beautiful methods used today in adver~
tising, — full color photographs, counter banners, menu clip-ons — a desire
and demand for the product can always be increased.

In the last year, about 31 percent of ocur total sales were in the state of
Wisconsin, 34 percent in Michigan, five percent in Indiana, 15 percent in Illin~
ois, 12 percent in Ohio and one percent in Iowa. The other two percent, as I
mentioned before, would be scattered throughout the United States and have been
sold, agaln, only as test for future marketing.

In the past few years, knowing that the northern shore of Lake Erie is
closed to fishing during the severe winter months, it has been our procedure
to warehouse some inventory to carry over the late winter and early spring
period. This year, however, we found that difficulties arcse when we were un-—
able to obtain supplies in October and November as easily as 1n the past yearas.
All the merchandise we could get was sold, even sold on an allotment basis.
This, of course, resulted in our being ocut of etock during the months of January,
February, March and, of course, April. I1f we were to take some advance orders
at this time, I'm sure we would go well into the summer before we would be sble
to catch up with the existing supply.

An iatereating note is that during the period of time where lake perch are
unavailable, we have made a special effeort to use walleye pike, not as a substi-
tute for the lake perch, but as an accompaniment to thie type of fish, and have,
in fact, established a substantial market for walleye pike. We hope when lake
perch become available again, in the next few weeks, that the users of walleye
pike will sustain this specles also, so that we can create a market for both
lake perch and walleye pike.

While the tone of my talk has been to show the demand that is at hand right
now, and the potential market, not only in the Midwest, but all parts of the
country, we must be cautioned about creating too large a demand too scon for the
product. As has been mentioned in progress reports on the aquaculture perch
ralsing experiment here, it will be two to three years before we hope to see
any realization of sufficient quantities to relieve the supply situation we now
find ourselves in. At best, for the immediate future, what can be raised as a
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result of this preject will really be only a supplement to what is caught in
the Lake krie region. Should the catch and supply in the northern portion of
Lake Erie¢ increase, we can proportionately increase our sales efforts. But, of
course, natural production and harvesting of fish today is a precarious one in
which to project future sales.

We seem to find ourselves in a rather frustrating sales picture. We can
sell a lot of perch. We can sell all that is produced at this time. We have
potential for substantially increasing our markets and to make lake perch, and
for that matter walleye pike, a popular and standard item in the frozen sea food
category.

The variocus means and methods of marketing and selling this type of pro-
duct for the future are intriguing. There are very few categories in which lake
perch will be excluded. Today, we are seeing them served in white rablecloth
Testaurants on dinner menus, as well as in drive~ina and fast food operations.
To expand on these areas and to put full marketing sales and advertfsing efforts
behind this, will be dependent entirely on the future supply of the product.

We hope that for the best interests of the economy, the state of Wisconsin and

for the people involved in this project who have spent so many months and years
in 1ts development, we will come to a successful comclusion of the experiment.

We are looking forward to hundreds of thousands of pounds of product bheing sent
from Wiaconsin te all parts of the country.






THE BIRECT CONSUMER MARKET

Bert Smith

General Manager, Smith Brothers Fisheries,
Port Washington, Wisconsin.

Since its founding in 1848 on the shores of Lake Michigan north of Port
Washingtorn, Smith Brothers Fisheries has enjoyed a challenging 127 vears in
the fish business. Our famlly has continually taken great pride in being a
part of a unique group of hardy men and families, who for two centuries have
fished the Great Lakes.

While considering the significance of a modern fish management project,
guch as this Sea Grant Aquaculture Program, I would like to provide a brief
historical account of commercial fishing on the Great Lakes.

Prior to 1850 very little accurate catch data exists, with the commercial
fighing activity generally located in close proximity to the then existing
trade markets, trangportation and population areas. Historical accounts, how-
ever, do show that there were great concentrations of fish available, especially
in the lower lakes where mcst of the activity was then centered. 1In the '
ensuing years, until 1900, thig great fishery resource was evidently quite
stable, due in part to the limited fishery, type of gear and limited markets.

Just prior to 1900 cur grandparents witnessed a tremendous growth in the
midwest region of our country, particularly in the cities and states bordering
the Great Lakes. As transportation and communication improved and expanded, so
d1d the market demand for fresh and processed fish. Quite naturally the com-
mercial fishery expanded and in the past 25 years we have become aware of in-
stances of overexploitation of some species. Our heritage had always dictated
that we practice and support good, sound conservation procedures, but in recent
years it became evident that other changes have occurred which adversely
affected this great food resource.

As population expanded along our shores, so did the man-made problems!
With the opening of the St. Lawrence Seaway, the lakes were soon vulnerable
to the migration of the parasitic sea lamprey and the prolific alewife. In-
dustrial and agricultural contaminants were allowed to flow intoc once pure,
clean waters, making many species unfit for food, The delicate biological
balances of many species have been temporarily harmed by this accelerated



"aging" of these great bodies of water. Unlike the unrenewable "fossil fuel"
resource coal, the fishery resource 1s a renewable food resource,and for-
tunately we are now learning to control and improve these fish populations
with new techniques and sounder {isheries management policies.

Unfortunately, though, the production capabilities of the lakes has not
kept pace with the increased market demand and we are virtually "out of fish."
The per capita consumption of fish and seafoods in the United States has
tripled in the last ten years and the industry has done comparatively little
other than import more fiash from other countries.

The demand for lake perch has similarly expanded, far surpassing the
production capabilities of all of the Creat Lakes conbined. The present mar-
keting area for lake perch {n its fresh and frozen processed forms {s generally
in the states bordering the Great Lakes, Thus, this market is not restricted
because of transportation or taste preference, but because of supply. Whole-

sale and retall organizations have not been able to expand into distant mar-
ket areas for this reason.

Lake Erle and Lake Michigan produce about 95 percent of the lake perch
that are caught for food. The strength of this resource fluctuates from year
to year and our marketing procedures have had to adapt to these highs end lows
of supply. In recent years, Lake Erle has consistently harvested over 25
million pounds per year, in spite of harvesting as many as three different
year classes during their season. A atrong market demand has caused the
fighing industry to overlook the age-old need for good congervation and serious
overcropping of the perch resource is oceurring in this lake.

The decline in perch production in Lake Michigan and Green Bay has not
been a result of fishing pressure, however, as we find less fighing activity
for this species in recent years. Here we must put the entire blame on en-
vironmental and biological situations. This data 1is brought out to show the
extreme vulnerability of the perch rescurce as we now know it.

Some recent Studies indicate that 80-85 percent of all the perch produc-
tion in the lakes enters Wisconsin and Illinois for direct sales, redistribu-
tion or further processing. Wisconsin 1s by far the biggest user. It is
estimated that the traditional retail fish stores would require 34,000 pounds
of scaled and dressed perch per year if supplies were continually available.
It i8 also estimated that these atores would require 82,000 pounds of perch
fillets per year. Grocery stores and supermarkets constitute the largesat
retsll market for these fish, and figures on their requirements — though
unavailable — begin to multiply. No factual data is available to me. How-
ever, two major chains rveport 1974 sales of 78,200 pounds of fillets. They,
likewise, could not purchase all the product they wanted. It 18 quite likely
that all Wisconsin retai] users will goon need 200,000 pounds of fillets per
year to meet the market demand.

Using a standard conversion factor of 45 percent yield in fflleting, we
are then able to project the “round weight" perch requirement of 445,000 pounds
per yvear for Wisconsin alone. FExpanding cur marketing and processing coucepts
to new areas would add considerably to this demand.



Sea Grant agquaculture programs in this country are beginning to '“show
the way" — how our industry can supply the fisheries products needed to meet
these increased demands. In closing I would like to quote from a recent ar-
ticle in a trade publication called Quick Frozen Foods. The opening para-
graph reads:

Commercial fish farming production in the United
States is slated to fare a market demand in 1982
nearly seven times that of a year ago, according
to a vecent report commissioned by Fromt and
Sullivan, New York market research firm., ‘The
market for fish and shellfish raised i{n controlled
enviromnment is predicted te Increase from 130.5
million pounds in 1973 to 847.5 million pounds in
1682, a rise of 589.6 percent.

Thank you very much, and a special thank you to the Sea Grant people from
the entire fishing industry.



QUESTIONS: Robert Follett, Marvin Spira and Bert Smith

What ig the price of the unproceeced fish and the processed fieh? Can
the waate products be reuged?

Robert Follett: An unprocessed fish in the figh industry would be clas-
slfied as a round perch. We don't really know what the price of round
perch is today because there aren’'t many lake perch available to set

the market. But we would est{mate that it would be a firm 55¢ to 60¢

a8 pound; probably closer to 60¢. That's in the round, as it comes cut
of the water. The price of perch fillets, which would be processed,
would probably be over $2.00 per pound.

As for the wagte materials, when you fillet the fish or process it,
these materials can be reprocessed into what is known as fish meal
and this is incorporated back into fish feeds. So Lt 1s not wasted if
you have proceasing facilities or access to then. Bventually we could
probably advertise like one of the meat packers did many years ago in
relation to hogs — "we use everything but the squeal.”

How ean you get the fish tu the procesging faciiity?

Bert Smith: Fish at the harvestable atage would have to be moved to

the processing plant fn an iced and refrigerated condition. Now
concelvably this could be a truck provided by a processor or a group

of aquaculture people who could get together and invest in a refrigerated
truck —because they must move in a refrigerated, iced state to the
Proceasing plant for filleting. That would be in the round state. Iced
and refrigereated, these round fish could stand about a two-day period
before processing. Then they must be processed or filleted.

One of the speakers mentiomed that an average yield of a fish, at marketing
size would be about 45 percent. Could you elaborate on that? Also, the
price of the fillet was mentioned — ig that the price to the dietributor,
broker, the ultimate consumer; what point alorg the line are we talking about?

Robert Follett: Yield will vary according to the size of the fish. A
larger fish, a ten-inch fish, will yield a better percentage than a
smaller fish will, and believe me, we have had a lot of small fish out

of Lake Erie, the percentage has dropped down very close to 40 percent.
You can take a fish that has really filled out and cut close to 50 percent
if conditions are right. So I would think 45 percent would be a good
average. When I was talking about the price of processed fillets, this

1a the price that processed fillet would sell for off the Lake Erie shore
right now. It might even be higher than $2.00 per pound, 1 don't know
because there aren't enough fish coming in to really establish a market.

Harold Calbert: I might add that the ylelds he 18 talking about are for
fish in the natural state, becauae there haven't been sufficient guantities
of aquaculture-raised fish to get figures on them. Because the aquaculture
fish vere raised under different conditions, they are more what we call

a "blocky" type of fish — you might say 1t's a black angus compared to a
range maverick and your yields will probably he higher on these because of
the greater amount of meat on them.
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What does the term "figh in the round” mean?

Bert Smith: This term is used to describe the fish in the natural state
ag it comes out of the water, unprocessed, before anything 1s done with it.
We refer to "dressed" perch as perch that have been eviscerated and
processed for wholesaling or retailing.

Mr. Spira mentioned the fact that their vroduct was raw, breaded fish fillets.
What percent of the market would be in the breaded form as oppased to wunbreaded
filletg?

Marvin Spira: The restaurant trade for lake perch almost exclusively uses
a breaded fish product. The lake perch does not lend itself to broiling,

as such, although it is very good pan fried. But I'd say the majority,

B0 to 85 percent of the lake perch used in the restaurant trade, would be

the breaded fillets.

What kind of fish are you using now and where are they coming from? wWhat will
be the price in the future if you have fish produced on farms and from the
natural atate?

Bert Smith: Because of the shortages, the institutional trade and the
retail trade have substituted ocean perch for lake perch. These, of
course, come frozen. Very little comes Iin fresh. We have also substituted
other ocean-caught species — flounder fillets, sole fillets, all types

of ocean fish. There really has not been a lake fish or a freshwater

fish that has been able to fill this gap. Canadian supplies of wallevye
plke have been very limited, so we have not been able to offer our
customers walleye pike ingtead of lake perch. The preference still seems
to be for lake perch,

Marvin Spira: As Bert saild, what 1s being used is really a poor substitute.
Nothing really takes the place of a lake perch. We have asked some of ocur
customers to use walleye pike because it is a close cousin of the perch

and 15 also involved in the aquaculture program. We want to create a
demand for both gpecies — both the walleye pike and the lake perch. We

do market this, not as a substitute for perch, but as a companion fresh-
water lake fish.

We may experience some decline in the round price of perch to the preocessor

in the future. But this is geared pretty much te the economy of the

country. We know the demand is there because we have not completely explored
all the available market. However, we do expect some decline in the round
price, since the naturally caught fish coming into the market would add

to the overall volume that {s produced under an aquaculture setup.

Does the industry buy the fish already processed, do they process it or do they
expect gomebody else to procesas it?

Robert Follett: At the present time, we attempt to process as much round
perch as posaible. We bring in fish from Lake Erie when it's available
and process it in plants in Appleton and Suamico. We have a fishery at
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Suamico where we take in the round perch right off the bay and process it
right there. We prefer to process the figh ourselves, But there's a

lot of figh dealers Ln the state that do buy the processed fillets right
off of Lake Erie, or wherever they're available.

Marvin Spira: Our particular type of merchandising and sales is concerned
with, as 1 said, a raw, breaded, lake perch fillet. We bring these fish
in from Canada in a frozen state, as individually, quick-frozen fillets.
We further process them by putting rhem through a batter, breading and
packaging operation. 8o the figh that we use are frozen fillets and we
get them from a processor.

Bert Smith: 1 could add, in our phase of the business we are not structured
to do any filleting. We buy fresh and frozen fillets and then wholesale

and retail these fillets. S$o we tely on a filleting operation, usually
located closer to the source of fish.

Harold Calbert: I think you can see that processing the fish is a separate
operation from actually growing the fish. It involves differenc facilities

from what the grower has, certain sanitary requirements and many other
things.

What has been done with walleyes in relation to thie aquaculture project with
perch?

Harold Calbert: We've been talking perch because they represent the bulk
of the market. But many of the things that are said today, except in

terns of size and so forth, apply to the walleye. They're a very closely
related species and many of the feed and growing situations car apply
equally to perch and walleye. The latter would be marketed a little later,
at a little larger size and s0 on but most of the things we talk about
today can be translated directly to the walleye.

Is pollution the main cause for the diminishing supply of the perch or are
there other causes?

Bert Smith: 1It's & combination of factors. Certainly, these envirommental
problems — the industrial and agricultural contaminants as we would refer
to them — have hurt the resource. They prevent, in some areas, a good
hatch of perch. But we must undersatnd that the fish in {ts natural
environment 1g subject to all types of variables — temperatures, weather
conditiona, ete. In other worde, a bad period of stormy weather when the
figh are on the epawvning grounde can interrupt the natural spawning proceas.
I mentioned previously overcropping of the resource. The demand for perch
has caused the industry, particularly over in Lake Erie, to harvest a

yvear claga which we think should have been left to grow one more year,
They're taking these subyear classes out of the Canadian side of Lake Erie
and the whole reaource is starting to go down. The American side - Ohio
and Pennsylvania — have very strict, good conservation controls to prevent
this type of subyear harvesting. So there are many factors which affect
the strength of the fishery resource, and environmental problems are
certainly part of ir, but not the total picture.
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Harold Calbert: I might add that there are other projects in the Sea
Grant Frogram that are studying such factors as this. It wasn't included
as part of this program because we couldn't get everything in. But, of
course, there's also competition from other species now in the lake for

a given food supply. Tt's a very complex problem. All we know is that
these populations have fluctuated all through the vears and now they
seem to peak a lot lower than they used to. Meanwhile, our demand for
them is ifncreasing.

Is the lake perch any different from the perch found in owr lakes and streams
around here? And if there is a difference, is there a demand for the perch
in the small Lakes and gtreams?

Harold Calbert: In the trade they keep talking about lake perch because
that's what they've always been called — we refer to it as yellow perch,
which 1s essentially the same fish. You'll see them in different sizes,
depending upon the food supply and so om, but we're all talking about the
same fish. This is different from ocean perch and some other types of
fish you see, but we are all talking here about the same fish, the
yellow perch.

You spoke about lake perch from Holland. Is that a fieh farm product or not?
You alsc mentioned they were of inferior quality — in what way and why?

Robert Follett: I believe these perch are raised via aquaculture on diked
land. After the perch are harvested, the land is drained and farmed. Fish
are raised during the winter months of the year. They do not have the
sweet taste of our Great Lakes perch, They have & stronger taste. 1
thought at first it was a combination of saltwater perch, but I was informed
that they are freshwater perch. We've tried to use some but have had a

lot of complaints.

Marvip Spira: The consumer, the restaurant-goer, today likes a fairly
pure taste. They don't like a "fishy" fish, and this is what you get in
an ocean perch. This 1s what you get in the Helland perch -- it's just
plain fishy. The lake perch and the walleye — they are both what we call
a8 good, clean taste, and this ie a great assist in marketing. When you
sample it out, it le very cbvicus that this is a preferable fish.

Is there 18 diacermable difference between farm-raised fish in Wisconain and
lake-rateed fish? What is the preference there?

Harold Calbert: We have compared the aquaculture-raised perch with perch
that we've picked up in many areas of the state. The aguaculture-raised
perch have a very white firm meat and a very sweet mild flavor. They
alwayes get a good rating when they go through our sensory evaluation panels.
We can take perch out of other lakes that will get just as good a rating,
but there seems to be more variation in the perch flavor that we get from
the wild perch. There's no liver taste or anything like this, which people
used to associate with a hatchery raised fish, because they don't get that
type of feed. The perch are very uniform, mild and pleasant tasting fish;
walleye seem to be the same way.
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AQUACULTURE: FACILITIES FOR THE RAISING OF YELLOW PERCH
{Perca flavescens) IN A CONTROLLED ENVIRONMENT SYSTEM

By

David A, Stuiber

The demand for fishery products in recent years has beem increasing.
This not only is true in the United States hbut also on a worldwide scale.
In 1973 the U. S. per capita consumption of fishery products reached a high
of 12,6 pounda.

Since World War II, the United States has become a fiah importing
nation importing almost 1.4 billion dollars worth of edible {fishery products
in 1973, Tt is becoming difficult to compete with nations, cnce considered
underdeveloped, for some of the available fishery producta on the world
market, In the past, these products were considered beyond their reach in
terms of price,

Also included in the above mentioned import figures are freshwater
fieh speclies. Until recently, freshwater fish were harvested from the
Great Lakes and inland waters in sufficient amounts to supply the market
needs, Due to environmental problems, fishing pressure and changes in
the philesophy of the regulatory agencies regarding commercial exploitation
of fish stocks, domestic production of freshwater fish species has been
greatly curtailed, The future for extensive commercial fishing of the
Great Lakes for a number of fish species is uncertain. Even if commercial
fishing were allowed to begin again in earnest, most of the fish stockas may
never be ample enough to sustain any great amcunt of fishing pressure.

It {8 evident that natural supplies of high quality fish specles, both
saltwater and freshwater, have been fluctuating dramatically. Steps are
now being taken to alleviate the pressure on some stocks and stfill maintain
adequate supplies in the marketplace through the increasing use of aqua-
culture techniques, Catfish, salmon and trout, clams, oysters, crayfish,
lobsters, shrimp, as well as other species, are either under intensive in-
veatigation or are in actual production,

Approximately five years ago, Wisconain fishing industry representa-
tives expressed a need for investigations dealing with availability and
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quality of spme of the highly valued freshwater fish species. After dis-
cussions, both within industry and the niversity commnity, a decision
was reached that there was merit in investigating the concept of freshwater
aquaculture,

The two species selected for aguacultural study, Yellow perch (Perca
flavescens) and walleye pike (Stizostedion vitreum vitreum), were chosen
because of the demand for them and their high market value as foad fish,

To estahlish research priorities for this investigation, objectives
were egtablished to determine how such a program would fit into the overall
research goals of the Department of Food Science. TIn the initial stages of
the study the objectives were: (a) to determine if yellow perch and walleye
would survive in a controlled environmental gystem, (b) to determine the
degree adaptability of both spectes to accepting pelleted-formulated diets,
{c) to determine environmental conditions which would maximize growth rates
end flesh quality, and (d) to demonstrate that perch and walleye could be
produced in quantity. It was the opinion of the research staff that i{f a
great deal of difficulty was encountered during the first year in meeting
objectives (a) and (b), then the effort involved in solving auch problemas
would he of more value if directed toward other endeavors, and the agua-
culture project would be terminated at that point, After examination of
the first year’s data on growth of both species and their adaptation to
feeding on formulated diets, it was decided that the project had promise
and the investigation should continue.

Observations made on the growth response of hoth species of fimh when
temperature and photoperiod were varied produced some significant results.
Both perch and walleye were subjected to a combination of 16° and 20°C water
temperatures and eight-and sixteen-hour photoperiods. The results of these
experiments are presented In Figures 1| and 2. The response of yellow
perch (Figure 1) to the lengthening of the photoperiod produced a greater
increase in the rate of growth than that observed when the temperature was
increased, The reaponse of walleye was the reverse of that obaerved for
yellow perch. In thisz instance, the effect of temperature (Figure 2) on
the rate of growth was more significant than was the effect of i{ncreasing
photoperiod. 1In each case the best rate of growth is obtained when both
species are held at a water temperature of 20°C and a l6-hour photoperiod.
Data of this type formed the basis for the reasoning behind the establish-
ment of the syatem which will be outlined for use {n raising these species,

Fish are cold blooded animals and their basal metabolic rate iB regu-
lated by surrounding environmental conditiona. The effects on growth rate
and thus production of the environmental parameters, photoperiod and Lempera-
ture, already have been described. The astablishment and maintenance of
environmental conditions necessary for accelerated growth and production of
cocl water fish in this geographic region required that a system be developed
and operated under cover or "indocrs.”" When growth in a controlled environ-
ment system is compared with the growth in nature, a comparable perch can
be produced in the controlled situation in eight to eleven months what would
take three to four years to produce under natural conditions.
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Basic components which make up the gystem are: (a) a building to
house the system, (b) a source of water for the system, (¢) a unit for
producing heated water, (d) a mixing tank or valve for water temperature
control, (e) rearing tanks (sized to fit into the structure), (f) settling
basin for particulate matter removed from water, and (g) water treatment
facility for maintenance of rearing water quality. Additional items in-
c¢luding pumps, water softener, pipe, aeration equipment, safety devices,
nets, etc, also are required,

The building used to house this facility must be insulated and free
from external light. Insulation is required to reduce heat losses from,
as well as promote ease of btemperature control within the aystem. Over-
all, thias ahould result in fuel savings, greater operating efficiency and
allow for the use of less sophisticated temperature control devices, As
for the structure being free from external 1light, without this feature
photoperiod and light intensity,control would be impossible, By restricting
outside light from entering the growth of photosynthetic organfsms in the
system are alsoc restricted, which reduces the load on the water treatment
system,

Water is basic to the raising of figh and very careful consideration
has to be given to its source, It is best not to consider surface water,
creek,lake, river or pond as a usable water source. These Sources in-
troduce the risk of environmental pollutants into the system., Such waters
may contain pesticides, herbicides or other chemical residues considered
adulterants in foods by the Food and Drug Administration, If the fish are
found to have excessive levels of such residues in their flesh, they would
be condemmed and destroyed. Ancther hazard is the possible introduction
of disease from these water sources. The safest water source would be that
obtained from deep wella. Such water reduces the risk of disease vectors
as well as environmental contamination from becoming a problem,

Water, no matter what the source, will have toc be heated. The method
used will be left up to the individual to determine, since there is a wide
variation in installation and operating costs from area to area. Whatever the
method — coal, gas or fuel oil, boller, gas or electric hot water heater,
etec. — the unit must be asized to produce adequate amounts of hot water for the
system. A check should alsc be made of the local ordinances and codes govern—
ing the inatallation and operation of auch equipment. It also may be necessary
to install water filters as well as a water softening system in conjunction
with the heating unit. Some well waters may contain excegsive amounts of iren
and other minerals which would need to be removed. The inclusion of a water
softening unit may be mandatory depending upon water hardness.

A diagram, Figure 3, is presented to aid in visualizing flow through
and general arrangement of components within the rearing system.

Item (A) represents the rearing tank. The entire @ystem is sized and
designed in relationship to this particular component., Consequently certain
characteristica of the tank must be carefully considered during design and
congtructicn.
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The size of the tank is important from a number of viewpointa. The
width and depth of the tank will affect the ease with which an individual
is able to work in and around the tank. The depth and width of the water
columm should be such that visual inspection of the fish can be made but a
sense of security 1s also provided to the figsh, The ability to detect
changes in the fish population— for example, the beginning of disease, can-
nibalism, weak or deformed members of the population, etc.— can be detected
and remedied. Observations made during experimentation indicated that when
water depths exceeded three feet and widths exceeded six feet, an {ndividual
had difficulty attempting to retrieve figh or work with them.

When determining the tank length ancther set of factors come into play.
At pregent the stocking rate of fish, finished weight, has been determined
te be approximately one-half pound of fish per gallon of water in the rear-
ing tank.- Fish are fed at the rate of three percent of body weight per day.
With such stocking and feed rates a large amount of waste material, both
unused feed and feces, will be generated in the rearing area. In theory a
good portion of this material will have to move through the entire rearing
area before it is expelled, Both unconsumed feed and feces represent BOD
(biological oxygen demand) which 1if not quickly removed will help deplete
the supply of available oxygen in the water, With the width and depth of
the water columm as well as the water input rate fixed, the residence time
of such material in the rearing tank will be directly related to tank length.

The rearing tank should be constructed with a slope to the bottom of the
tank toward the discharge end, This is done to aid in movement of dense
particulate matter through the tank. 1In cthe experimental tanks a slope of
one inch per four feet of length was provided, This proved toc work
satisfactory,

There have been cther rearing tank designed operations for other apecies
which use round tanks and a silo type tank, The use of a s{lo type tank has
some drawbacks compared to the raceway type used in this system. Because of
the height of the water column in a silo, large pressures are generated at
the bottom of thia type tank., This restricts the type of materiala which
can be used in construction. Another point is that of examination of the
stock or having to work in the tank itself. In order to accomplish both
feats , the operator will have to phyasically enter the tank to inspect the
stock, ae well as make a periodic inspection of the tank itself. The only
drawback to the uge of a round tank compared to the raceway type 1is that of
space. It is physically possible to get a greater volume of water into a
given space lesaving adequate area to work around the tanks using & raceway
type operation.

Water flows out of the rearing tank through drains situated at the
bottem of the discharge end of the tank (mot indicated in the diagram) and
enters the settling basin (B) at the rear (alsc not Indicated on the diagram).
Sludge or denBe particulate matter settles to the bottom of the basin and
18 removed through the drain marked (M), The settliing basin represents a
quiescent zone in the flow through the system where the dense particulate
matter is allowed to Aettle, thus providing the first step in water quality
improvement within the syatem, Dimensions for the settling basin are not
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pravided because the size of the basin changes with increasing or decreasing
rearing tank size.

A knife-edge weir (E) ig positioned at the top of the settling basin to
retard the movement of scum or floating debris from advancing in the system,.
Positioning of the weir up or dowm controls the water level in the rearing
tank,

Water overflowing the weir 1s fed through the lines marked (F) into the
sump (C), The water s then pumped from the sump by means of the sump pump
(D) into the lines marked (J}. 1In the event of & surge of water to the sump
or a pump fallure, ah overflow drain (G} is prowvided tc prevent flooding,

The water flow in lines (J) is split with a poriion of the [low directed
to the water treatment system and the remainder going directly back into the
rearing tank, Treated water from the water Lreatment syatem is returned to
the rearing tank through line (L). Fresh tempered 20°C make-up water ia
added te the rearing tank through line (X),

Mention has been made of the need for close control of water tempera-
ture, Several methods have been employed in attempts at maintaining a con-
stant water temperature in the system with varying degrees of succesa. The
use of a good quality mixiug valve provided the best method of control.

With the use of such valves any specified water temperature could be obtained
directly, Cauticn is advised when installing such valves that the flow rate
required does not fall within the upper or lower operating ranges of that
particular valve, When the velve has to operate at either extreme of its
tolerance range there is a chance of temperature drift which could result in
temperature shock and death to the fish atocks, Household three-way shower
mixing valvees are definitely unsatisfactory due to the degree of control
needed for this type of system, These valvee are difficult to adjust and
lome adjustment with slight changes in hot or cold waterline presaures or
temperatures. Amnother method used in water temperature control was the use
of a mixing tank. A tank ia set up with a float valve used to control the
water level in the mixing tank through the addition of cold water into the
tank, A temperature sensing device is hooked up In conjunction with a
solenoid valve on the hot waterline. As water fa pumped from the mixing
tank to the rearing tank the float is lowered,allowing cold water to enter,
As the temperature dropas the sensing device triggera the hot water valve
opern uatil the set temperature is again reached in the tank and the hot
water valve closes. Using this approach, there will be a slight oscillation
in the exit wvater tewpersture from the mixing tank, but the oscillationa are
not great enough tc cause any undue sBtresa on the fish,

Mention has been made of the presence of particulate matter in the water
and ite effect on dissolved oxygen in the rearing tank, Sustaining an ade-
quate dissolved oxygen concentration is critical to the raising of fish,
Oxygen 14 added to the system at the point of water input to the rearing tank
as well as what is transferred from the air to the water at the air-water
interface at the surface of the rearing tank, During peak oxygen demand
periods this source of supply will not be adequate., To meet the demand,
additional aeration should be provided by air sparging directly in the rear-
Ing sections of the sysatem, Preliminary results indicate the disaolved
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oxygen concentration in the resring section should not be allowed to drop
below 4 ppm and to be on the safe side should be held at 5 ppm. The 4 ppm
level should be considered as a danger point to increase the dissolved
oxygen concentration.

The portion of the system which is of extreme importance is the water
treatment operation. This item will be covered in a later presentation but
a brief discussion igs in order at this point.

The Enviromnmental Protection Agency (EPA) has been given the task of
trying to curb pollution of the environment. Toward this end EPA 28 well as
other federal and state agencies have promulgated regulations governing the
effluent discharges from practically all sources. This {ncludes wastes from
industrial, farm and municipal sources, To meet effluent guidelines, dis-
charge water will have to be treated. This is one of the reasons for in-
clusion of this item into the system.

Another and possibly more important reason for inclusion of water treat-
ment within the system is that of conservation of energy. The operation of
the system would be simple if {t were possible to use a single water pass
approach from the standpoint of water quality to raising fish. Unfortunate-
iy the high coat of fuel (energy) needed to heat the amounts of water re-
quired make such an approach uneconomical. In practice the heated water has
to be recycled until it is no longer of suitable quality to obtain maximum
benefit from the fuel spent in producing the heat, To cbtain this benefit
and maintain water quality, toxicants such as the metabolic by-product
ammonia are reduced or removed from the water as well as BOD and other con-
taminants using a biological filter allowing the water to be recycled.

At the present time a given volume of water would pass through the system
ten times before it is replaced,

The water treatment unit designed for this system is still in the
developmental stage but has proved to be effect{ve on a small scale rearing
tank,

An area which has not been discussed in any detail at this point 1im that
of lighr. 1t has been stated that the system should be kept free from exter-
nal light. Thkis must be done ta establish and maintain a given growth rate
responge to the most beneficial photoperiod and light intensity. As was in-
dicated in Figure 1, the best growth rate response was obtained using a 16~
hour photoperiod. In order to maintain a constant l6~hour photoperiod, arti-
ficial light hae to be used.

Another factor which is involved 1s light intensity. Bright light has an
unsettling effect on the fish. 'The figh seem more at ease and feed more readily
in dim light. To control both intensity and photoperiod the most effective
method would be to use only artificial lighting to the exclusion of external
1ight. Another advantage would be control over the growth of photosynthetic
organisms within the system.

It has been observed that dramatic changes in light intensity affects the

fish. Switching the lights from off to on has an unsettling effect which may
last as long as an hour. During this periocd the fish are nervous and easily
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spooked and will not feed. This kind of unnecessary stress can have an
effect on weight gain, as well as the overall health of the animal. This
situation s easlly rectified by Installing a motorized diming switch

on the electrically timed off and on switch, This allows for a half hour
time {interval to gradually go from full light intensity to full darkness
and vice veraa.

Because the response of perch to light is so great, work is continuing
in this area, It may be possible to improve on the present growth rates by
additfonal manipulation of the lighting system.

During the design and construction of facilities, thought should be given
to problems associated with cleaning and sanitacrion within the entire system,
Any surfaces which are abgorbent such as concrete, wood, etc, should he
gealed with a nonwetable macerial, The same holds true for metal surfaces
wvhich come {n contact with the water in the rearing faciliry, Sealing
surfaces would i{neure ease of cleaning, retard or eliminate corrosion and
make 1t possible to chemically treat the system if and when problems arise.

The materfals which can be used in constructing the rearing facilities
will depend upon what is available and the coat, Concrete, plywood, ateel,
corrugated metal, fiberglass and any other building material having the
structural strength can be put to use,

The concept of the use of dairy barns as fish rearing facilities was
first conceived as a method for getting started raising fish. Using a barm,
with a certain smount of renovation, could provide the shelter needed for
a fish rearing system. A second point in favor of barnas was that of water.
Associated with the barn was a serviceable well which could supply the water
needs for a fish rearing cperation. A barm would not necessarily be the
ultimate structure to house a fish rearing facility, but it could serve
aa a means of providing a starting point while alsc providing a supplement
to an individual's income from an already idle operation,

For the sake of safety, a backup system muat be provided in case of
unexpected emergencies, Power failures and other accidental shutdowns
should be anticipated and at a minimum, an auxillary oxygen source pro-
vided to carry the fish through the crisis, A more complete backup, how-
ever, should be Included in the system. Emergency power generstion equip-
ment, auxillary pumping, as well as compressed air (either from an air
compressor on the site or commercially available compressed air bottles),
should be serviceable and present on the premises at all times.

To this point, this syatem sounds complicated when compared to the
rearing of fish in outdoor ponds and it is, However, there are advantages
to operating & fish rearing system under cover. Problems associated with
fish losses due to predstors (both natural and human), decreased competi-
tion for food from other species and more effective use of food fed can
be controlled, as well as prevention and control of disease,

Contrel and prevention of disease is one of the more important factors

in the promotion and use of & closed system for the rearing of fish, By
using such an approach, procedures can be incorporated intc the everyday
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operation of the system which would aid in controlling disease vectors and
allowing the establishment of good sanitation practices, insuring the main-
tenance of good,healthy fish stacks. In addition, such a system provides
the ability to detect, diagnose and treat disesses before they have a chance
to get out of comntrol. Early detection end disease treatment as well as

the other advantages, save money through reduced operating coats and stack
losses,
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QUESTIONS: David A. Stuiber

What

18 the optimuem light condition or photn fpequens. for pafsin- Sigh?

We have been working on a straight eight hours off, 16 hours on lighting
system. Further work is belng done on the possibility of splitting this
up, making 1t eight hours on, four hours off and so on. We don't know
whether we will be auccessful in getting better growth rates out of it,
or not but the present system gives us very goed results,

There 1s one other thing I might mention which has to do with light. Not
only 1s the length of the photoperiod very important, so 1s the intensity
of the luminescence that you provide. Strong, bright light is actually
taboo. The stronger the light, the more spooky the fish. You want the
light dim so they can gsee the feed and yet not see that much movement
around them, They seem to be more content under those condltions and
they feed better.

What oxygem comtent in the water do perch require and how do you propose to
arrive at it’?

wWhat
aafe

We have found that under experimental conditions, we have no problem
raising perch at a dissolved oxygen concentration of four parts per
million. However, I would not recommend that you hold a tank for fish

or hold your system to that particular level. You should have a system
that runs at a little higher concentration because once you get below

that level or four ppm, you are running the risk of rapid oxygen depletion
and chat could kill off or harm your stock.

To put oxygen into this system, we use three pipes. During the feeding
perioda, you will find that there will be peak demands for oxygen, and

in order to supplement the oxygen that'a being put into the water, you may
have to have an aeration asystem — for example, alr stones placed in the
tanks — to carry you over during thia period. This system should also
be there for safety sake because if you ever get a power outage, you have
some vay of oxygenating the water until you have the power back on again.

18 the eritical time if you should have an outage and what kind of a fail-
system do yox have?

Well, the fail-safe system depends upon how elaborate you want to get.

At a minimum, you should have an auxtlliary oxygen supply which will take
you over the ashort term. This can be supplied by compressed air tanks

that are constantly up at pressure. When something happens, the valves would
automatically open and begin to spark air into the system, That's the
minimum you'd have to have. Depending upon the lengths of outages in your
particular area, you may want toc have a generator where you can crank up
your own electrical aystem to keep the operation running. You can't do
this for very long though. You have to eventually begin moving water
through the gystem to clean it. If you don't, the level of toxic materials
in the water will get ao high that no matter how much oxygen you put in

the tank, you're gtill going te kill your fish.
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How long doeg it take for that to happen? Twelve hours?

That depends upon the concentration of fish you put in the system.

If you have a half pound of fish per gallon of water, how long before the
fiah would suffocate?

At the outside, you've got maybe an hour before you had better have
oxygen in those tanks.

What are we talking about in terms of wattage for illwminating the tank?

At the present time, we are uaing anywhere between 7-% and 15 watt bulbs.
That type of illumination over a tank, And maybe about three bulbs along
a 30-foot tank. These are incandescent lights. TIt's pretty hard to
contral florescent bulbs.

Have you used atr pumps for moving water through this system?

No, we haven't tried that. We do have air stones in the operation which
help create a certain amount of agitation. This keeps the particulate
matter suspended so it moves easily down the tank and flushes out of the
system, but we haven't experimented with air pumps at all at this stage
of the game.

How to the fish grow in stainless steel tanke?

They grow very well in stainless steel tanks if you can afford to put in
stainless steel tanks. They're pretty expensive.

Why do you have to recycle the water? Why can't you just use fresh water?

If you are going to heat all that water, you've got to figure on some way
to conserve energy. I mean, if you've got a lot of money to throw away
on fuel oil, fine. 1If the economics of the system would warrant the use
of a pass through system, that would be fine. But unfortunately, with
fuel costs the way they are today, you have to reuse that water. Secondly,
the Enviroumental Protection Agency, as well as some other federal and
state agencies, will require that the water be treated before it is
discharged. I don't think anyone really knows what that treatment will
be at the present time, but you're going te have to treat that water In
some way. Now, if you have to heat and treat the water, and it is of
sufficlent quantity and quality to be used again, it would be foolish

to throw the water out the door and mot pump it back through your
operation.
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You talked about biological filters and I've read recently about growth
inkibiting secretions emitted naturally by fish in a crowded condition. How
are these removed?

Biologically. 1f you recall, water coming out of any sewage treatment
operation is really capable of supporting fish growth. During that
biological treatment, metabolites are removed. Now, the efficiency of
the filter will determine what your stocking rate will be. If I were
to give you a set of figures and three people went out and used those
figures to establish an operation, one of them would probably do a fine
job, another one would do a mediocre job, and the third guy would go
broke because his fish would die. It depends upon the adaptability of
the individual to carry this system through. It's not an easy system
to operate, but it can be done.

Couldn't florescent lights be used?

You could ume florescent lights if you wanted to. The only thing is
that the amount of luminescence you get off florescent lights is hard

to control and in our present asystem, we've had to mute the light coming
from them. We did this by hanging a couple of plieces of plastic bag
over the side of the light in order to get dimmer conditions.

What would be the fish poundage per tank?

That depends upon how big a tank you have. I told you before that you
have a stocking rate of 4 half a pound of fish per gallom of water. If
you have a thousand gallon tank, you've got 500 pounds of fish. Now,

I have to qualify that poundage figure. That figure represents finished
weight of fish. That means when the fish are of a size that could be
marketed., If we are talking about very small fish, you're not going to
stock rthem at a half a pound per gallon of water. Primarily because the
metabolic rate of smaller figh is & lot greater than that of larger fish.
Therefore the demands on the system will be greater if you have a large
mmber of f£ish than it would be per fish for a smaller fish.

What would you envision as being necessary in converting the building facility,
as far as the surrounding buildings, for sanitary conditions and such? What
amount of work would be required on the structure itself go conditions would
be proper for an aquaculture operation?

Well, it depends upon the condition of the structure to begin with. First
of all, you have to insulate the building. You want to cut down as much
as you can on the heat loss. It should be cleaned up, kept dust free

and all the area around there should be sealed. You put sealer over the
concrete 8o you can easily keep it clean. You might end up having to
paint the inside of the system with some type of epoxy or washable paint.
You have to remember you are handling a lot of water in this particular
area and the materials that you use in converting the building should

be such that they're going to take a lot of dampneas and splashing. 1
thing a lot of this is going to be left up to the individual who wants to
put this thing into operation and hie ingenuity.
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WATER RECONDITIONING FOR FISH PRODUCTION
By John T. Quigley, Ph.D., P.E.

Assistant Professor of Engineering
Sea Grant Advisory Services

Introduction To Desigg_ Conaiderations

The proper place to start might be with the waste metabolites produced
by the fish and any excess feed. These wastes can be characterized as oxy-
gen demanding materiais, nitrogen loads as ammonia, phosphates, suspended and
other dissolved solids.

The removal or satisfaction of oxygen demand is not a specific objective
of treatment in this system. However, as noted elsewhere, ammonia-nitrogen
(NHz-N) gas is a specific toxicant. The fish are mich more tolerant of the
amponium ion-nitrogen (NH} -N) form. Ammonia loadings®* vary through the
life cycle being high on a per unit body weight basis for the smaller, younger
fish. Ammonia release rates are also higher during and shortly after feeding
periods. Additional ammonia is leached from long-standing solids and, es-
pecially, from excess feed. Other nitrogen gas problems and floating solids
may result if solids are not promptly removed from the recirculating systen.

One usual biological treatment option for treating the nitrogen load
is nitrification, meaning to convert ammonia as ammonium fon (NH,*) to nitrate
(NO3). The fish are relatively tolerant of this mineralized form. In a com-
pletely enclosed rearing system, a follow-on stage for denitrification could
be required as well (Meade, 1974). Here, the microbes would convert the ni-
trate to free nitrogen gas (Nz). These overall reactions are illustrated be-

low:

NHE + 2 0, organisms, 2H” + HZO + 22;
6 NOT + 5 CHSOH organismg; 5C0, + TH,0 + 60H + 212 f

The usual wastewater treatment options include trickling and submerged
filters and suspended growth systems. For various reasons, the latter systems
have not found application here. Some of these proceases are illustrated
schematically in Figure 1.

*In this report, quantity refers to the total ammonia-—ameonium nitrogen
present.
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Demonstration Facility Desipgn

Among the usual control parameters are temperature, acidity eor pH, com-
pounds of nitrogen, including ammonia (NH3) and nitrice (NO3), concentrations
of blochemical oxygen demand (BOD), dissolved oxygen (DD) and solida, includ-
ing both suspended and dissolved materials. As has been noted earlier, temper-
ature is an important factor in the fish reariong unit. It is also important
to water reconditioning in several ways, Iincluding {ts effect on rate of nitri-
fication. Similarly, pH must be controlled for many reasons, including ita
effect on the relative distribution of (NH3) gas ;ﬁtkﬂf; ion equilibria (Kra-
mer, et al., 1972). Actually, the nitrification process 1s doubly affected by
pH in that the level of microbial activity 1is sensitive to it as well as to the
tolerable reactant concentration. This acid-base equilibria requires constant
adiustment because the biologlcal treatment processes tend to consume alkalin-
ity and to generate acids (e.g., C—C0y, N-+N03, etc,). By promoting the dis-
solution of calcilum carbonate or limestone to faintain system alkalinicv, pH may
be controlled to the range 7.0 to 7.5. BOD loading has been considered {in de-
sign only in so far as 1t influences nitrification in the filter. Dissolved
oxygen concentrations suitable for fish rearing of five milligrams per liter
(mg/1l) or more are generally satisfactory for introduction to the treatment
units. At production loadings, supplemental aeration will de required in sub-
merged and trickling filters. On the basis of preliminary studies, biloclogical
treatments sufficient to treat the ammonia loading also control other metabolic
by-products.

Time Phased Capacity

Of necessity, the water reconditioning facility is designed to resnond to
varying loads and to produce variahble quality ocutputs as the fish grow to final
size. Initially, a sedimentation unit trickling filter system will produce
a very high quality effluent. As total ammonia loadings and water throughput
rates increase, the upflow clarifier may be converted to a submerged filter with
some reduction in return water quality. This latter step will require that the
last few feet of the rearing tank be screened off to serve as a settliing tank.
At this point, a fraction of the recirculated stream may be treated for denitri-
fication to maintain acceptable levels of nitrate on the higher end of the one
to five day detention times anticipated for this water in the facility. For a
larger, multiple tank rearing facility, this aspect of design will be less im-
portant as steady state conditions in specialized facilities should prevail
for most activities.

Throughput Requirements

The hydraulic load on the water reconditioning system is determined by
production tank throughput requirements. Among the factors that determine
throughput are waste feed and metabolite removal, which may be thought of as
suspended and dissolved solids. Simple experiments have confirmed that for stock-
ing denaities of about 0.1 pound per gallon, turbulence induced by the Ffish
themselves materially aids in moving suspended solids along to the outlet ena
of the tank. Solids were seen to move readily at a water flow velocity of
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0.1 feet per minute for this stocking rate. Turbulence from supplemental
aeration will further aid solids movement, as well as a modestly sloping
bottom in the production tanks.

Owing to the high stocking rate anticipated for the production rearing of
perch, on the order of 0.5 pounds per gallon, aubstantial ammonia loadings must
be anticipated. These have been estimated for the present design at about 0.04
pounds NH, -N per hour for 1,000 pounds of fish in the tank at about two percent
daily feea rate (Kramer et al., 1972). A linear flow through velocity of 0.1
feet per minute (fpm) would lead to a build-up of around 4.5 mg/l NH, -N in the
2,250~-gallon tank., From the foregoing discussion one can immediately appreciate
the limits placed on detention time of water in the production tank. Therefore,
in order to provide some flexibility in the control of ammonia level in the tank,
the design will permit linear velocities up to about 0.5 fpm corresponding to an
anticipated per pass build-up of less than 1.0 mg/l. The general flow system is
schematically illustrated in FPigure 2,

Other features of the flow through system include bottom opening connec-
tions between rearing tanks and clarifiers for the removal of solids. Experi-
ments have shown that a screen, with openings sized to deter the fish, will
suffice to protect a small settling area around the tank outlet. The outlet
arrangement should minimize turbulence.

Launders can be sized with linear overflow rates consistent with usual
sanitary engineering practice up to 30,000 gallons per day per lineal foot,
In general, system interconnections were pratterned after facilities observed at
the National Environmental Research Center and are illustrated schematically
in Figure 3. Water levels are controlled in successive vessels through the
use of adjustable weirs and with a minimum of lifts.

Summary of Treatment Corncerns

Suspended solids removal can be accomplished most simply by sedimentation.
Flow rates up to 5,000 gallons per day per square foot (gpd/ft<) have been
reported (Kramer, et al., 1972). Preliminary studies here have tended to
confirm these findings, with detention times of 1%-30 mimutes. A rectangular
settler to facilitate solids removal is shown in Figure 4. Partial removal of
suspended solids may be accomplished also with screens {Meade, 1974}, Addi-
tional study will be required to select a suitable screening approach or appli-
cation for this system with the objective of increasing potential recircula-
tion rate while decreasing settler surface area.

Dissclved solids are removed for the most part in two ways: (1) Through
dilution with make-up water and continuaily wasting of conservative materials;
(2) Through microbial uptake where the materials are actually metabolized and
may become part of a cell mass for removal as a suspended solid. These latter
processes are effected in the various filter units. For example, in a trick-
Iing filter, an active bio-mass is maintained on the surface of media. The well
aerated msdia is then irrigated with a water containing ammonia, other metabo-
lites and BOD. The microbes may sorb and consume the BOD materials as a car-
bon source while converting the NH; NO,-. An active population of microbes
with these capabilities must be grown of the filter media as one would raise
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any crop. Neglect could destroy the activity and require its regrowth. A
usual hyraulic loading rate for the plastic media is 900 gpd/ft2. Tempera-
tures of about 70°F have provided exceptional nitrification rates in smali-
scale studies.

Upflow filter rates as high as 30,000 gpd/ft2 have been reported for hatch-
ery service and were considered in design. Other studies (Young, et al, 1973)
indicate that this hydraulic loading rate may be optimistic. Actual operating
Tequirements will determine acceptable limits on ammonia concentration in the
system and allowable hydraulic leoadings at these temperatures. Detention time
is eritical alsc to high levels of nitrification per pass and recycle, if
provided. Moreover, practical production facilities may utilize much lower
cost media as, for example, broken stone, In fact, a2 limestone media may
serve both as a filter media and a source of buffer and has been recommended
for comparable applications {private communication, 1974). Brief experiments
codlucted on a 30-gallon aquarium scale system suggest that sustained oper-
ations of this type should be possible given adequate controls and these prac-
tices are to be demonstrated now in this facility.

Summary of Practical Aspects

In piping layout, frequent access points should be provided for cleaning,
dewatering and/or later modification. The number of valves can often be re-
duced in these low head systems by using simple stops at basin outlet drains.
Also, basin inlet and outlet arrangements should be designed to resist clogging
due to biological growths on the material and in the fluids to be transported.
Multiple launder arrangements may be required to remove scum and froth that
occur with dissolved solids buildup at high stecking rates and low dilution.

In conclusion, it is appropriate to emphasize that facilities should be
selected for flexibility, ease of maintenance and economy of operation. That
is to say, try to avoid building needless limitations into your system!
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QUESTIONS: John T. Quigley and Harold Calbert

If you took some given weight of feed, say 100 pownds, and fed it to the fish,
how much of this would be solid wastes that you would have to dispose of?

John Quigley: Could you tell me how much of that excess would be used
ag feed, first of all?

Harold Calbert: Of course, it's going to depend upon your converaion
rate. If we take a conversion rate of about 1.5 pounds of feed to a
pound of fish, we find that the perch are converting or utilizing about
80 percent. This is an average that we worked out based on a number of
experiments. So 1f you put in 100 pounds of feed, B0 pounds of that
would be taken up by the figh. The rest probably would not be; the fish
would put out some feces and so forth. This would be a rough way you
could calculate utilirzation.

John Quigley: I saw data some time ago for a somewhat differemt kind
of facllity — the suspended solids production was about double the
waste feed, So everything else was contributing about the same amount
as the excess feed. 1f that represented sbout 20 pounds, other sclids
would represent a little less than that. It might be well to mention
that a good amount of material does turn up as dissolved solids. So
there are suspended materials which can be taken out by settling and
there are aleo some dissolved materials.

Harold Calbert: One thing we might point out is the husbandry of this.
This has nothing to do with the sanitary engineer, but with the fish.

If you were going to give a certain amount of feed a day and just dumped
that all in at one time, you'd be wasting a lot of it because the fisbh

will only eat so much at one time. So the ideal way of feeding — and

this again depends upon their stage of growth and all — is to give them
only what they can consume over a period of time. Rather than dumping

the whole lot in at once, you feed them either continuously or om achedules.

Could you talk about diatomaceous earth filters ~ how they might fit inio
this syetem?

John Quigley: They'll work fine from the standpoint of removing the
suspended materials but they will probably work out to be much too
expensive. Any kind of a body feed filter like that is going to work you
out of house and home. We are trylng to provide a buffer in thig system
by dissolution of natural limeatones that you've used in the filter medium
to avoid the addition of lime. The filter would obviously do the job
from the standpoint of removing suspended solids, but I think it would

be just too costly to operate.
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Have you tried centrifugation as a means of removing the solide?

John Quigley: I haven't myself, but I've read of studies that indicate
it wfll work. You're dealing with particles that are very little
different in gravity from the water, but you do get separation. As I
was trying to class some of the ammonia removal processes, 1 think it
would just be a very costly way to do it.

Would the waste water that you put in your holding area be suitable for raising
other fish, such as basa?

John Quigley: We think it would. I would reject it in a pond situation
because it would run up to the point where the fish couldn't live with
the nitrate levels any more, probably, in addition to other metabollites.
What you're trying to do in the pond, then, is to rely on the algae, or
wvhatever is growing in there, to strip it back down to more reasonable
levels. You may wvish to remove those algae now and then if you're going
to protect the fish out there from the problems of a very rich, that is
a very eutrophic, pond.

How do you recommend dispoaal of asolide in the eystems — land disposal or
what?

John Quigley: Basically, I'm thinking in terms of facilities analogous
to sanure handling — surface spreading.

Preswming that you feed continually, what would be the range of rates of new
water introduced into the system based upon a half pound per gallon density
of stocking and what would be the range of rates for recireulating water? At
what point would you not have to filter it cut if you had a warm water source
to eontimually introduce new water?

John Quigley: Depending on the flow through rates in the tanks —
whether we're limited by solids removal or ammonis gemeration — this has
to do with the stocking rate, You've given us a gtocking rate of a

half pound per gallon, 8o we're up at ocur peak load. I was thinking in
terma of detention times in the tanks of about an hour. In other words,
we're going to move the water through at about 0.5 feet per minute, B0

in a 30-foot tank the water %is going to be present for about an hour.

So 1 am going to want to turan the tank volume over every hour duriag the
day and recycle it. We anticipate that when it comes out of the tank it
will contain on the order of 1-% to 2 mg per liter of ammonia {n some
form, mostly ammonium ion because of the way we are controlling the pH.
We fael that we have data that indicate that thia can be done. Then
we're going to put the water through the filter and convert it, basically,
to nitrate. We've going to continue recirculating water until the nitrate
levels build up to levels which I believe will be in excess of 300 mg per
liter. So I would guess that you're going to get about 20 cycles out of
it, which means in effect that you will have been able to recirculate

it all day. You'll have recirculated it 24 hours, or maybe more, so then
you'll have to replace your water in the facility about once a day.
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You'll have to add the water once per day and you have to recirculate it how
often?

John Quigley: Now, you specified the peak atocking rate, and this is
only during the last period of the grow-out that you achieve these peak
concentrations. At this point you're going to be doing all that the
system can do. I suggest that you plan to be turning the water over on
the order of once per hour.

And if you add move mew water or change the water over more oftem, do you have
to recirculate lees?

John Quigley: If vyou put more fresh water in, then you could recirculate
lesa, yes.

Barold Calbert: If I get your question, it is: at this peak loading,
what would be the amount of water intake per day equivalent to your tank
capacity, and you'd be discharging that. Now you wouldn't be drawing
your tank out empty and then filling it. Thia is what goes on all day
and you had the equivalent of 20 uses per day of your other water, Now,
if you want to put in wore freshwater, you naturally don't have to cycle
80 much because you'll heve to let 1t out somewhere — your system will
only hold so much. But the theory we're working on here is to recycle
as much as posaible to keep your costs down.

Would the number of times the same water could be used make a difference at
the fingerling stage or the full-growth stage?

Harold Calbert: As was pointed out by Professor Stuiber, your metabolism
and your growth rates in your fingerlings are much higher than in larger
fish. You're producing more waste products per fish and so forth on a
weight basis. So, yes, you would have to have more fresh water or more
treatment at the smaller fish stage than at the larger stage.
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LICENSING REQUIREMENTS FOR AQUACULTURE

John Klingbiel
Fish Management,
Wisconsin Departmwent of Natural Resources

In Wisconsin, a number of regulations must be considered in the develop-
ment and operation of aquaculture facilities. Developments in other statea
are operated under different regulations. Therefore, appropriate state agen-
cles must be contacted to ensure compliance with atate law,

Wisconsin requires that private aquaculture facilities be licensed as
private fish hatcheries. The license covers the physical facility and allows
ite operation in a certain manner. Only those species listed on the license
can be propagated.

There are four different types of private fish hatchery licenses, three
of which are commercial and one which is basically noncommercial. Currently
there are about 250 commercial type licenses issued, but only 14 of these are
for warmwater fish species. HNone of these 14 raige figh for food. There are
also about 1,550 noncommercial type licenses in effect. These are basically
hobby type operations.

All types of licenses allow the operator to stock fish in the facility,
rear them and remove them at any time by any method. A Class A license also
allows the operator to Incubate fish eggs and sell both the eggs and fish which
he produces. A Class B license is similar to Class A, except that eggs cannot
be incubated or sold. A Class D license allows the holders of Clasa A or B
licenses to use facilitles in other locations as part of their operation. A
Clasa C license is noncommercial and ie used mainly by hobby type operators.

It allows both the incubation of eggs and rearing of fish, but does not allow
the sale of fish or eggs, except for consumption on the premises or for sale
to Class A licenseesa. General sale of minnows is allowed, however.

Fees for these licenses are as follows:
Class A - $50; Claes B - $25; Class D - $5.00; Class C - $5.00

The license applicant must slso pay any expenses ilncurred in the required
inspection of the facility by the Department of Natural Resources. These costs
exciude the salary of the inspector.

Private fish hatchery licenses are issued on a calendar year basis and

must be renewed each year. Applications can be obtained from the Fish Manage-
ment Section of the Department of Natural Resources.
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Another legal consideration in aquaculture is the possible requirement
of a discharge permit in accordance with the Wisconzin pollution discharge
elinination system. Facilities diacharging waste water into surface waters
must have s permit if their annual fieh production is 20,000 pounds or more.
It has oot yet been determined whether facilities producing less than 20,000
pounds will need a permit for land discharge of their waste water. All dis-
charge permite specify special conditions of operation. Usually monitoring
requirements and daily effluent limitations on total suspended solids and
ammonis nitrogen are specified. Applications for a perwmit can be obtained
from the Industrial Wastewater Section of the Department of Natural Resources,

if a facility 18 uveing more than 69 gallons per minute of well water, a
high capacity well permit ia needed., The 69 gallon per minute stipulation in-
cludes all wells on the property, both pumped or artesian. Applications for
this type of permit can be obtained from the Private Water Supply Section of
the Department of Natural Resources.

Outside facilitien, especially those 1nvolvf€g navigable waters or streams,
may need special types of approval. Permits are necessary for pond construc-—
tion if they are located within 500 feet of a navigable waterway. The design
of dams must be approved on all streams, Applications for permits and appro-
vales of these types can be obtained from the Water Regulation Section of the
Department of Natural Regourcea,

If fish are viscerated or processed in other ways, a food processing
license is needed. The requirements for a license include impermeable walls,
floor and ceilings in the processing plant and alao require the availability
of potable hot and cold water. Licenses cost $15 to $50, depending upon the
volume. Applicatiouns can be obtained from the state Department of Agriculture.
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ESTIONS: Joha Klingblel

would you please repeat what you said about requiremente for wells?

If at any time there is over 69 gallens of water per minute coming out
of the well — that is a pumping well or an artesian well — a high
capacity wvell permit is needed.

If wou're producing 20,000 pounds of fingerlings versus £0,000 pounds of rough
fish, are the discharje permits the same?

A discharge permit is necessary for both, though the requirements may be
different. The actual requirements are pending, as Dr. Quigley mentioned.
There will be specific EPA (Environmetnal Protection Agency) requirements
and there will be specific state requirements., The state requirewments
have to be at least as restrictive as the EPA's, according to our under-
standing, and can be stricter. The hearings are in the process of being
held, s0 this hasn't been established as yet but you're going to have to
have a permit.

If you take the wastes from your Ftoh growiny osperation and put them on your
owm land so they don't go into any navigable stream, do you still need a
permit?

Pecple in our Environmental Protection Division don't know yet. This is
one thing just hanging, that needs some legal interpretation. I'm sure
that as soon as the hearings are over, they'll get a legal interpretation
to clarify this.
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POTENTIAL — SOME ECONOMICS OF F1SH PRODUCTION*

Richard Vilstrup, Professor
Agricultural Economics and
Meat and Animal Science, UW-Madison

Historically, people in Wisconsin have considered natural production
of fish the best scurce of Eish protein. Many have asked: Why should we
develop aquaculture?

The meat industry was forced early in our history, from a dependability
on hupting for snimal meat supplies, to obtain meat from agriculture or
domestic feedlot production. Today, the commercial fishing industry also
faces critical problems in pollution, environment, regulation and competition
with sport fishing. Induetry leaders are currently focusing renewed atten-
tion on aquaculture as a source of commercial fish for consumers.

1t is encouraging thie morning to hear the major fish processors and
distributora articulating the current need for expanded supplies of yellow
perch and walleye pike. Commercial aquaculture syetems will require strong
markets to provide adequate economic returns to encourage the development of
domestic production systemsa.

The world food situation and the accelerated growth in population has
amplified the concern for new sources of human food and protein. Conserva-
tive projections indicate that we will have a world population of over 6
billion people by the year 2000. Many areas of the world, with critical
food probleme, have utilized aquaculture to feed thelir people. References
to £ish farming are documented in early Chinese history, in biblical times
and more recently in the middle east countries. Some countries have de-
veloped fantastic yields by using several species of fish simultaneously in
the same pond; some fish that eat on the water's surface, some at middle
depth, and some on the bottom—efficiently utilizing water and feed.

*This study was completed by a team consisting of Professor Dick Vilstrup,
UW-Madigon; Pat Cantlon, Graduate Student, Agricultural Economics; and
Max Kummerow, Meat and Animal Science Department.
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Currently, there 1s a growing demand for fish in the United States.
Per capita, fish consumption has increased from 10.6 pounds im 1967 to 12.1
pounds in 1375, or a 14 percent increase in the past eight years. The United
States now imports over two-thirds of the fish consumed from world markets
and Canada. The concexrn for fish as a diet food and a variety item in the
menu has increased demand., Fish consumption 1s projected to expand further
in new studies published by federal agencies and industry leaders.

The natural supply of fish has continued to decline with increased fish-
ing pressure and environmental probleme. The natural supply of yellow perch
comes from Lake Erie and with the bulk imported from Canada. Commercial
catches from Lake Erie have dwindled from a high of 33 million pounds in 196§

to 15 million pounds in 1974. It has been astimated that nearly 75 percent
of the yellow perch are consumed in Wisconsin, and leading processors and

distributors have documented the need for replacing the loss of the natural
landings of yellow perch from Lake Erir. The current prospects for an
increased natural harvest appear limited.

Seversl significant economic factors are also limiting fieh from
natural sources. The costs of energy, labor, equipment, boats, regulations,
pernits and docking facilities have made fishing less profitable. The
heavy investment costs have reduced fishing profits. The cost of cbtaining
& good catch is about the same as experiencing a poor catch.

In summary, it appears that there is a strong demand for yvellow perch
in the fnstitutional market. Wisconsin is ideally located to supply this

markat, 1f high quality fish can be produced economically, near processors
and distributors in ths state.

Sone Economics

The future development of an aquaculture system for perch depends on
our ability to make production profitable. Several key factors will determine
profitability, including coet of fingerlings, feed, facilities, labor and the
markat price of fish. An analyeis was made by Cantlon, Vilstrup and Fumerow,
using the current state of knowledge and assumptions provided by the Depart-

ments of Food Sciance, Engineering and Limnology, and a review of Sez Grant
literature availabls,

Costs and Regurns

The following study is based on a fish production building 40 feet wide
and 100 feet long. An aquaculture perch production system producing 150,000
fish or 50,000 pounds of fish was selected as an example. Fish would he mar-
keted in five lots of 10,000 pounds throughout the year to maximize the use
of the building and facilities — to establish an estimate of costs and returns.

It was necessary to make several basic assumptions. It is important that

these assumptions are carefully studied to accurately interpret the costs and
returns schedule.
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Table A

A facility producing 50,000 pounds of yellow perch annually. The fish
are warketed in five lots of 10,000 pounda each at approximately ten-
veek intervals.

Qualifying Assumptions (for new or old facilicy)

1. Two gram fingerlingas could be purchased as needed from a hatchery at 3¢
each.

2. Feed costs would average 17¢ per 1b. through the production period (1 yr.)
3. Mature fish would be marketed at 65¢ per 1b.

4. Peed conversion would be 1.4 to 20 grams (live weight), and 1.5 there-
after to the market weight of 150 grams (3 fiah per 1b.).

5. Labor demand would be nearly constant through the year (3 to 4 houre
datly).

6. Density of fish in tanks would meet biological requirements, and is 1
1b. of fish to 10 gallons of water early in the growing period increasing
to 1 1b. of fish to 2 gallona of water at market weight.

7. No specific charge would be made for land.

8. Death loss of fingerlings would average approximately 102 distributed
through the growing period as indicated.

9, Water Treatment and Handling System:

a) The entire volume of water would be moved through the tanks and
filtered avery 3 hours. (Turnover time is 3 hours.)

b) 2-1/2% fresh (make up) water would be heated and added each turn-
over.

¢) An adequate water treatment and handling system could be installed
for approximately $10,000.

10. Investment required for a new facility would be approximately $53,000.
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Table B

fish annually. April 1975

Yellow perch production in a new facility producing 50,000 1lbs. of

!eceizts (50,000 ibe. @ 65¢/1b.) £32,500
Fingerling Cost (167,500 @ 5¢/1b.) 8,375
Feed Costs (75,000 1be. @ 17¢/1b.) 12,750

Estimate
Your Costa

Operating Coste

Elactricity (4KW per hr. continuous @ 3¢/KWH) 1,050
Heating Make Up Warer (20% Daily MU) 1,200
Heating Growing Facility te 55° - 60° F. 900

Owvmership Coats

Depreciation on Building 26,000 § 1,300
20

Depreciation on Equipment & Water 27,000 2,700
Treatnent 10

Taxes., Insurance, Repairs: [53,000 x .03] 1,600

Butlding & Equipment

Retyrns
Receipts 32,500
Fingerlings 8,375
Feed 12,750
Operating Costs 3,150
Ovwnership Coste __ 5,600

Returns to Labor, Management & Inveatment $§ 2,625

il
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Table ¢

Investment Schedule,  April 1975

Building: 40' x 100', i{nsulated, cement floor, $22,000
wired for 100A. service, ventilating
fans {35.50 aquare feet]

Estimate
Your Coats

Well: 1,000 gph capacity 2,000
Heating system to maintain 55* - 60* F. 2,000
$26,000

Equipment and Water System:

10 Fiberglass Production Tanks 30' x 6' x 4' @  $15,000
$1,500

1 Piberglass Fingerling Tank 2,000 gal. @ $1,000 1,000

Miscellaneous Equipment 1,000
Water Treatment and Handling System 10,000

$27,000
Total Investment: $53,000

Labor Demand: 3~4 hrs. daily (3 x 365 x $3.00/ur.) 3,285
Iaterest on Inveatment (53,000 x .08) 4,240
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Table D New Facility April 1975

Chauge in Returns to Labor, Management & Investment as the price
of 1) Feed, 2) Fingerlings, 3) Fish Changes--all other prices
are held constant as each factor is analyzed

1. Feed Change:

Feed Cost: ¢/1b. Returns to L. M. & I.*
22 {-$1,125.)
21 (- 375.)
20 375.
19 1,125,
18 1,875.
FPlanning Price 17 2,625,
16 3,375.
15 4,125,
14 4,875,
13 5,625.
12 6,375,

2, Pingerlings Change:

Cost: ¢ each Returns to L. M. & I.

(-$2,400.)
(- 725.)
g950.
2,625,
%,300.
5,975.
7.650.

Planning Price

to W oy - oo

3. Change in Market Price of Fish

Price per lb. Returns to L. M. & I.
90¢ §15,125.
85¢ 12,625,
80¢ 10,125.
75¢ 7,625,
70¢ 5,125.
Planning Price 63¢ 2,625,
60¢ 125.
55¢ {-§ 2,375.,)
50¢ (- 4,875.)

*Labor, Management and Investment
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Recent experience has taught us that feed costs can vary widely. New
technology and production facilities could reduce costa of fingerlings.
Market prices have changed historically with supply and demand.

It 18 interesting to examine the impact of change in the cosct of feed
as all other factors are held constant (Tables D & G). The costs of finger-
lings and fish price changes were also analyzed, holding all other factors
constant.

Table B
New Facility

Effect of Price Changes on Returns

1. A 1¢/1b. change in feed price changes returns by $ 750
2. A l¢ change in fingerling price changes returns by $ 1,675
3. A 1¢/lb. change in market price changes returns by $ 300

Price changes are critical in determining future profitabilicy. A one
cent change in each factor can drastically boost or decrease returns.

Table F
New Facility

Density of Fish per Gallon of Water

Density is also an important factor. Currently fish are grown at &n
average density of 1/2 pound of fish per cubic foot of water. A 50% in-
crease in acceptable density to 3/4 1b. of fish per gallon of water would
affect net returns approximately as follows:

Increased receipts $16,250.00
leas feed costs 6,375.00
lesa fingerlings 4,200.00

Increase in returns 8 5,675.00
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Table G

Yellow perch production in en existing facility-—producing 50,000
lbs. of fish annually.
Estimate
Your Costa
Receipts (50,000 1bs. @ 65¢/1b.) $32,500
Fingerling Cost (167,000 @ S¢/1b.) 8,375
Feed Cost (75,000 1bs, @ 17¢/1b.) 12,750
Operating Coste
Electricity {4 KW per hr. continuous $ 1,050
@ 3¢/KWR)
Haating make up water (20X daily MU) 1,200
Heating growing facility to 55° - 60" F. 900
Owvmnarship Coats
Depreciation on Building 13,000 § 650
20
Depreciation on Equipment & 27,000
Water System 10 2,700
Taxes, Insurance, Repairs:
Building & Equipment [$40,000 x .03] 1,200
Returnm
Receipta £32,500
Fingerlings 8,375 e
Paed 12,750
Operating Coets 3,150
Osmarship Costs 4,530
Returns to Labor, Managemant & Iun-
vestmant $ 3,675
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Table H
Remodeled Facility
Change in returas to labor, management and investment as the

price of 1) Feed, 2) Fingerlings, 3) Fish Changes; all other
prices held constant.

1. Paed Price Changes:

Feed Cost: ¢/1b. Returns to L. M. & I.
22 (-$ 75.)
21 675.
20 1,425.
19 2,175,
18 2,925.
Planoing Price 17 3,675,
16 4,425,
15 5,175.
14 5,925
13 6,675.
12 7,425,

2. VFingerling Price Changss:

Cost: ¢ each Returns to L. M. & 1.
8 (-% 1,350.)
7 325.
_ 6 2,000.
Planning Price 5 3,675.
4 5,350.
3 7,025.
2 8,700.
3. Market Price of Fish Changes:
¢ per 1b. Returns to L. M. & I.
85 $13,675.
a0 11,175.
75 8,675,
70 6,175.
Planning Price 63 3,675.
60 1,175.
55 ("‘$19325-)
50 (-$3,825.)
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Table I
Remodeled Facilicy

Effect of Price Changes on Returns

1. A l¢/lb. change in feed price changes returas by $ 750

2. A l¢ change in fingerling price changes returnsa by $ 1,675

3. A l¢/lb. change in market price changes returns by 500
Table J

New Facility

Density of Fieh per Gallon of Water

Deneity is alsc an important factor. A 502 increase in acceptable
density to 3/4 1b. of fish per gallon of water would affect net
Teturns approximately as follows:

Increased receipte $16,250.00
less feed costs 6,375.00
leas fingerlings 4,200.00

Increase in returns $ 5,675.00

In Sommary—Soms Considarations

Basic economic data snd exparfence in producing yellow perch 1s limited.
More precise budgets can be prepared as cost data becomes avsilable.

Caution must be used in interpratations of cost and return schedules.
It 1s essentisl that you use similar aseumptions to compare costs. It should
be noted that start-up and working capitsl costs are not brought into the
projections. Also an emergency back-up powar system would be deairable in
cane of a power fatlure,

Disease prevention and control is imperative. Currently there ig a
scarcity of skilled diagncstic and treatment personnel. Some drugs used to
treat disesse are mot yet spproved by FDA  £or use on fish that will be
processed and sold at retail.
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Alternative tanke that may be suitable is a need. Right now fiberglass,
concrete or the poly-lined wooden tanks appear most promising. However,
acceptable steel framed, poly-lined tanks similar to the backyard swimming
pools might be feasible, sand weuld reduce tank investment substantially.

Water treatment and handling system costs, and the effectivenese of the
treatoent process remain to be demonstrated. If, for example, more make-up
water has to be added each turmover, then the 2-1/2% projected operating
costa will {ncrease quite rapidly. A lower make-up rate would decrease oper-
ating costs.

It is essential that a marketr outlet be developed before a production
unit is established. A marketing agreement stipulating approximate delivery
dates, pricing methods and fish specifications would be desirable. Assist-
ance in location of established processors and updated cost data will be
available from the project team.

In Counclusion:

Aquaculture, including yellow perch production, appears to have a viable
potential. Under current price and marketing conditioms, it is imperative
that any aquaculture system include excellent menagement, coat control and
marketing agreements. The level of knowledge in aquaculture is currently
linited. We would encourage you to obtain new methods of fish production and
technology from the University of Wisconsin as the project develops.
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QUESTIONS: Richard Vilstrup, Patrick Cantlon, Max Kummerow and Harold Calbert

Where doea the govermment ctand at this time in relation o Jinaneing and
supporiing this effort — can we look for help there?

Our honest answer would be that I'm sure we would be considered like any
other enterprise by FHA and other government agencies and the banking
system. We've had a lot of interest by government agencies but most
financing agencies will be looking for data on sound planning, reliable
markets and evidence of good production practices and management.

Professor Calbert, didn't you mention something abcut a bill before Congress?

This may not have anything to do with the actual financing of the opera-
tion, but there is a bill before Congress, I think it's HR370, in commit-
tee, it concerns aquaculture. If this b{ll passes, it will put up some
money Lo get aquaculture going, to do research, to help people get iate
the business. It's based on using some of the import taxes that they
collect on gsome of the imported fish to help pay for this financing. It
hasn't been reported out of the committee but 1it's under consideration.

Would you review the density and the asize of the tank that you used in the
example that you costed?

The maximum density at which fish were concentrated was a half pound per
gallon and this was when they were close to market welght. We echeduled
the fish to be produced in five lots of 10,000 pounds each in order to
get a higher utilization out of the total water capacity of the system,
which is about 46,000 or 47,000 gallons. That includes ten production
tanks of about 4,500 gallons each and one fingerling tank of about 2,000
gallons. As the fish become larger, the density increases.

What ia the density on the firat month, second month, third month?

We start out with a rule of thumb of a pound of fish per ten gallons of
water., That's for the smallest fish and then it slowly grades up to a
pound of fish per two gallons of water at market weight.

The fact that you need two gallons of water per pound of fish doesn't
mean that you have tc have total capacity in your system of that amount,
becavse the Fiah are not all at the maximum size at the same time, so
actually it's less than a gallon per pound of annual production capacity.

Is this a one-man operation you're talking about?
On this 40 by 100 bullding, we are using a labor requirement of three to
four hours per day once 1t is operating and functioning. That would

indicate that if you worked an eight hour day, seven days s week, you
could handle two of these unitas.
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Regarding the locutiom of the proevssing plants, 1s there a map available that
would show their locaticn Ln northwest Wisconsin?

We are surveylng the Industry now, and intend to produce a breochure showing
the location of precesseors in the state. From what 1 recall you could go
to Bayfield or to Superior in northwestern Wisconsin.

Is it at all economically feusible to raise perch in cpen water ponds?

Yes, you can raise them in open ponds, but you can't compete with this
enclosed systen because as soon as the water temperature droeps {in those
ponds, the figh's metabolism slows down. As you go .into the winter period
all they do is stand still and shiver. They eat about enough to maintain
themgelves and to build up for reproduction in the spring. You are not
going to put on any growth. What you do is essentially end up with what
i{s going on out there in nature. It's going to take you two or three
years to raise a marketable fish. On the other hand, you won't have a
big facility or investment or anything like that. Buc you're geing to
take all the chanceq that there are in nature with disease, predators,
peoachers, contaminants and so on,

You showed how much your profit would tnervase If the price of fingerlings
went Juwn o cent. What leads you to helivoe that it wowldn't jo the other
way’?

That table indicated that you would lose money 1f the price of fingerlings
went up. It now seems feasible to raise fingerlings in ponds, and we hope
to reduce the cost this way. We probably won't grow the fingerlings

under the conditions you'll see this afrernocon.

Currently there is no commercial production of fimgerlings, or an assured
supply throughout the year at the size that we want. If you want to buy
fingerlings, the best you can do is about ten or 15 cents for a fish that's
three to four inches long. From the bilological standpoint, it seems
reasonable to assume that fingerlings of the size that we would want —

two grams or an inch and a quarter long =~ could be produced for a nickel
and perhaps for considerably less. Now, the cost could be greater go we
presented a table showing higher and lower costs of fingerlings.

Can you force the brood stock at any time during the year?

That part of the program is still under research. We have been able to
get the female perch to spawn early by the use of drugs and contrelling
the temperature and light conditions. 1In the future we hope to have our
own brood stock and have perch spawning throughout the year. At the
present time we do take fingerlings in at the beginning of the seasonm,
and by keeping them in cold water and giving them a maintenance diet,

we can hold them up to a year at the small size. You don't at that time
have a large amount of money invested in those fish. You can take them
from that holding tank, put them into the system, raise the temperature
gradually, put them on a forced ration, and under controlled envirommental
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conditions obtain the same growth rate cut of those fish that you
originally got when they came into the system.

What if you get to 45 weeke and the market wasn't guite where you wanted 1t,
and you decide to hold?

An aquaculturist has an advantage here. When a fisherman comes in he has
to sell his catch and get the boat unloaded. Here we've got these fish
alive in water, and we don't have to move them. You could hold these
fish and play the market a little bit. The question iIs would we have
wore death loss and what happens to feed effictfency.

We assume that the death loss would occur primarily during the first 15
wveeka that the fingerling fs on the forced diet. About seven of the
total of ten percent fish loas occurs then. We experience relatfvely
little death loss during the later stages that the fish are fed. The
feed convergion rate seems to drop off some from the biclogical data
that I've seen, but 1t does not appear to be terribly significant.

What ig the risk inherent in holding the fingerlings over this long period of
time? Do they become more susceptible to temperature change whewn you shift
them into the growing atage?

To date we haven't observed any problems in shifting these small fish
from the cold water environment into the controlled environment. It's
one of those situations where you can't change the environment over
night; going from ten to 20 degrees centigrade takes about a week to
acclimate the fish. After that they don't seem to have any problems.
There's no difference exhibited between the held fish than those that
immediately went into the system.

What ie the average time from the fingerling to the procesging plant?

The time that we assume in the operation echeduled is 45 weeks on the
average, from a8 two gram fingerling to a figh that weighs 150 grama and
that would be three fish to a pound. Now, there's going to be variation
around that figure. As the industry develops, we would expect that
breeding and selection will occur so that we will get a more uniformly
producing fieh.

Did you raise your owm fingerlings or did you buy them?

We haven't bought fingerlings although we have checked on prices. When

we first started, we were able to get some very small fingerlings from the
DNR. We also hatched some out on an experimental basis. This year for
the first time, we are set up to hatch out egga in quantity. We will

not be on the market for selling fish. I do know, from conversatfons with
people in this room, that they will be in the business of selling finger-
lings this year. This can be done outside very well because you can get
the fingerlings to the size you waat i{f you have a normal season by the
firat part of July.
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Considering an annual gallon capacity for the tanks that's somewhat less than
one gallon per every powd of fish you raise annually, how did you calculate

the heating costs and what degree temperature rise did you comsider from the

water gource to the 70 degrees?

What

We assume a 20 percent daily water makeup and that the water temperature
from a well is about 50 degrees Fahrenheit on the average throughout

the year. This is supported with data that is available, at least for
southwestern Wisconsin. 1 assumed that we were using an energy source
to heat water that cost the same per 100,000 BTUs as coal. So I used
the coal cost, which comes in at about ten cents per 100,000 BTUs. Fuel
oil is about 2.5 times the cost of coal and LP gas or natural gas is
considerably meore than that.

about the death rate?

The figure we used here was about ten percent with most of the death
loss occurring during the first 15 weeks of the growing period.

How do you market them in five times when basically uou will probably buy
them all at ome time?

We have a holding tank for fingerlings and then gradually we bring thenm

out and start to feed them at different times. Sc there are progressive
groups coming out. They don't all start at the same time. Some of them
are in a holding stage; some of them are in a push stage.
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FISH NUTRITION

Leo E. Orme
U.S., Fish and Wildlife Service
Diet Testing Development Ceater
Spearfish, South Dakota

I would like to express wmy appreciation for being invited to participate
in today's program. I feel that there i{s great potential in the commercial
production of cool water fish. The development of the cultural methods and
feeding programs for these fish is in its infancy. But, I am sure with the
intereat in this area, which is exemplified by the responae to this workahop,
that great strides will be made to bring these developments about in the
next few yeara.

In my presentation, I would firat like to briefly comment on fish nutri-
tion and fish feeds in general and then present some of the findings from the
projecta carried out through the Cooperative Cool Water Fish Diet Testing Pro-
gram,

In the past, the production of fish for both commercial and recreational
purposes has been insignificant when compared to the livestock and poultry
industries. Even roday, fish feeds make up less chan one percent of the total
snimal feeds manufactured in the United Statea. For theee reasons, there has
baen little incentive for feed companies, equipment manufacturersa and others
to suppori research for the development of cultural methods or nutritional
programs for fish. The limited research and development work in fish culture
and nutrition has been supported primarily through state and federal programs.

The nutriticnal requirements for Eish are rather i1l defined. Most of
the work for establishing requirements has heen done with trout and salmon.
In recent yeara, certain basic requirements for catfish have been worked out.
As for cool water fishea, we zre just beginning to determine their basic nu-
trient requirementa. Many of the basic nutrient levels are determined by
trial and error feeding trials, which usually 1is a slow process.

A balanced ration wmust contain protein, energy, fat, vitamins and miner-
als in the proper proportions. The optimal protein level for trout and sal-
mon feeds varies with the fish's stage of growth. The feed for young fry
contains 45-55 percent high quality protein, fingerling feeds 40-45 percent
and production feeds 35-40 percent protein. The essential amino aclds re-
quired by trout and salmon are the same ten required by other animals, only
in slightly different proportions.
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0fls are the major source of energy in the diets of cool and ceold water
fish. Here again, the energy or ail content of the different feeds varies.
A high energy content in the feed 13 required by the rapidly growing frv., Fry
feeds contain 15-18 percent oil, fingerling feeds ten to 15 percent and pro-
duction feeds seven to ten percent,

Trout and salmon require at least one percent linolenic acid in thelr
feed to maintain optimal growth and health, whereas other animals require
linoleic acid. The difference in the fatty acld requirement between fish and
other animals was not determined until 1972.1

Since cool and cold water fish are carnivorous (meat eaters), it is
easily understood that they do not efficlently utilize carbohydrates. Carbo-
hydrates are the primary source of energy in animal rations. In fiah feeds,
ofls and a portion of the protein serve as the major source of energy. Only
15 to 20 percent of the energy in conventional trout production feeds is
derived from carbohydrates.

Vitamin requirements are difficult to establish since the composition of
the ration, phyalological activity and interactions between vitamins all in-
fluence the requirement for each vitamin. A requirement has been demonstrated
for several vitamins. For some, a quantitative requirement has alsc been de-
termined. Presently, a shotgun approach 1s used in formulating vitamin pre-
aixes for fortifying fish feeds.

Minerals are ususlly the last nutrients to be considered when formulating
s balanced ration., Custom mix mineral supplements make it easy to balance
the mineral content of feeds. The mineral requirements for fish have not been
determined. Research findings have shown that lodine, iron, calcium, cobalt
and phosphorus serve the same physioclogical functions in fish as in other
animals. Therefore, it 18 prudent to assume that the requiremencs for fish
would be similar to that of other animals. Even though fish have the unique
ability tc absorb minerals from the water, a trace mineralized salt is added
to the ration to assure an adequate supply of the essential trace minerals to
maintain the health of the fish., The known requirements and recommendations
for trout, salmon and catfish are published in the National Research Council,
Nutrient Requirements of Domestic Animals, No. 11.

As you can see, the nutritional requirements for fish are lacking in
several areas. This makes it quite difficult to formulate balanced rations
with any confidence that they will adequately meet the fieh's needs. Through
trial snd error feeding triale, many feed ingredients have been evaluated in
fish feeds. The information obtained from this teeting, in addition to the
requirements that have been determined, serve as the guidelines for formu-
lating the feeds.

There are peveral conditions, other than supplying the nutrients thar
need to be considered when formulating the feeds and setrting up a feeding
program for fish.

The feed is fed in water; therefore it must be in a form that will hold

together until the fish consume it. Fish are not able to feed on meals or
from feed troughe as other animals. Aleo, the fine feed particles readily
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dissolve, fouling the water, Not only is this a waste of feed, but in excess
can cause disease and other problems. For these teasons, fish feeds are man-
ufactured as pellets or granules. The pellets must be durable enough to hold
together during handling, storage and feeding, But the pellct must break up
rapldly after the fish Ingest 1c¢, This is important for msximum digestibilicy
since fish have short, simple digestive tracts and de not chew thelt food.

For maximum feed efficlency, the size of the feed particles should be matched
to the size of the fish, Only a few pellets or granules are fed to a {ish st

a feeding. Therefore, cach pellet munt vontain all the feed Ingredients in the
proportion formulated in the feed to provide the fish with al) the required
nutrients.

An adequate feeding schedule greatly affects the success of a fish feed-
tng program. Fish also become accustomed to routines. Once you start fecding
finh at a certain time, it 18 a good practice to maintain the time schedule.
Firat feeding fry should be fed hourly. Ax the fish grows, the frequency of
feedings can be reduced. Fish five inches and larger are normally fed at
least twice daily.

1 am aure you will find, if you haven't already, that fish feeds are
expensive compared to other animal feeds. Livestock concentrate feeds cast
between $6.00 to $10.00 per hundred pounds. Fish feeds are priced between
$15.00 and $30.00C per hundred pounds. There is good reagson for there price
differences. Fish feeds are very rich in protein, fat and vitamina. They
alsc contain a high percentage of animal protein supplied primarily from fish
menl.

A comparison between nutrient levels would be:

Livestock and Poultry Feeds Fish Feeds

Protein Percent 12-22 25-55
Fat Percent 2-5 7-18
Vitaminsg 1 X Level 3 X Level

The ingredients used in fish feeds to obtain the high level of nutrients
are costly and alec very susceptible to deteriorationm.

Not only do fish feeds contain a high level of oll, but the type of oils
used is easily oxidized. Oxidation of the o0il during etorage produces rancid
feed, toxic apents, foul odors and destroys several vitamins.

Care must be taken to preserve the freshneas of the feed and retain the
nutritional value. The feeds should be stored in a cool, dry place. The
recommended storage time for most fish feeds 1s 90 days. This is a relatively
short time compared to livestock feeds,

The developments in cool water fish culture are following a eilmilar
pattern to those in trout culture, and for the same reasouns., The fish were
originally propagated under intensive culture to supply the increased dewands
of the aport fishery.

The pure blologist first raised the fish on all natural feeds in ponds.
The production was limited by the amount of natural feed that could be provided
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and coften the quantity was unpredictable, An Increased and reliable produc-
tion was needed to meet the growing demands for sport fish. About this time,

a market for live and dressed fish began to develop that could only be supplied
by private or commercial fish producers,

The natural feeds were supplemented with meat by-products and eventually
the total diet was comprised of meat products. Then limited supplies and
increased prices forced the fish producer to lock for new feeds for his fish.
Cereal products were blended with the meat as extenders. This proved satis-
factory, but required a lot of labor and large frecvzer facilities. 1In the
early 1950s, advancements in basic fish outrition made it possible to formu-
late a complete dry pelleted trout feed. These feeds produced good growth
and maintained the health of the trout.

Cool water fish culture is in the phase of transition from pond culture
with natural feeds to intensive culture with dry formulated feeds.

It may be well te note that the advancements in fish breeding, cultural
techniques and disease control must alsc advance abreast with nutrition for
the total program to move forward.

Many of the developments in the intensive culture of other fish may be
applied tc cool water fish, But there are several striking differences that
need to be worked out before they can be raised in a similar manner as trout
and catfish.

What has been done in the area of developing formulated dry feeds and
feeding programa for the cocl water fish?

In 1970 the Diet Testing Development Center became involved in a token
ef fort with two federal hatcheries to test trout feeds as fry and fingerling
feeds for walleye and northern pike. The few fish that did accept the feed
were not healthy, indicating that trout feeds do not meet thelr nutritiomal
requirements.

A more formal program was initiated in 1971. Several state and federal
hatcheries participated in the cool water diet testing program. Three exper-
imental diets, W-1, W-2 and W~3 (Table 1) were formulated for testing that
year. These diets contained about 55 percent protein and 13 percent oil. The
variations were in the type of ingredients used in the rations. The W-3 feed
containing the highest level of fish meal showed some promise as a satisfactory
feed. Disease outbreaks detracted from the results of several feeding trials.

In the second year of the program, we became better organized and es-
tablished a set of guidelines for conducting the feeding trials, plus a system
for collecting the test results in a uniform manner. The Oregon Moist Pellet,
a salmon feed made with some raw fish and the W-3 dry feed were evaluated. The
attempts to start fry on the test feeds were virtually unsuccessful. A few
tiger muskie, northern pike and largemouth bass fry were observed taking the
feed. But in all cases a heavy mortality occurred which was attributed to
starvation, cannibalism and disease. The results from the fingerling rrials
gshowed the graatest promise. Tiger muskle and largemouth bass offered the
beat potential for a dry feed program,
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Ingredients

Herring Fish Meal
Skim Milk
Delactosed Whey
Wheat Middlings
Soybean Flour

Fish Sulubles
Brewer's Yeast
Gelatin

Blood Flour

Trace Mineral Salt
Vitamin Premix No.
Water

Fish 011

Soybean 01l

Table 1

biet Formulations
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10.5
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10

¥
Ma

50

et



In 1973 several more hatcheries Jeined the program, Dr, Harold Calbert,
University of Wiscomsinm, also joined the group. Up to this time, only state
and federal hatcheries had been in the program.

A new set of diets were formulated for testing along with the Oregon
Moist Pellet, They were labeled W-4, W-5 and W-6 and varied in the protein
and energy levels (Table 2).

Walleye pike, northern pike, tiger muskie, largemouth bass, muskellunge
and yellow perch were the species included in this year's program. Fry feed-
ing trials were generally unsucceasful, resulting in ne mere than four to seven
percent survival.

Varying degrees of auccess were achicved with the different diets. The
W4 and OMP feeds appeared to be adequate for smallmeuth bass fingerlings.
The walleye, northern and muskie fingerlings showed some promise of feeding
on the W-5 feed, The muskie/northern pike hybrid was successfully fed all
three dry feeds. The fingerlings were 1.5 to 2.0 inches when started on the
dry feeds. All the feeding trials were heavily plagued with disease problems,
cannibalisw and a lack of knowledge as to the optimal rearing conditions for
intenge culture.

Overall, the results indicarted that the W-5 diet performed best and that
these fiph require a high protein, high energy feed.

Dr. Calbert found that perch fingerlings adjusted quickly to the W-3 feed
and began to feed within a2 week. The walleye were somewhat more reluctant,
but after mixing daphnia with pellers for the first feedings, the walleye
fingerlings alsv accepted the dry feed. The vptimal water temperature for
both species was determined to be 72 degrees F. The perch grew twice as fast
with a 16-hour photoperiod as opposed to an elght-hour photoperiod. Light
had far less effect upon walleye and they seemed to prefer a dimmer light.
Feeding rates of three, five and seven percent of the body weipht per day were
also evaluated. The three percent level produced the fastest growth for both
species.

Gross feed conversions for walleye during the 42-week period went from
1.16 to 4.35. A reversed trend was indicated for yellow perch, with conver-
gions going from 31.9 to 1.45.3

The results of the 197) test progran were reviewed and analyzed to set up
guidelines for 1974,

In 1974 the cool water diet testing program really took hold. Four
federal hatcheries — Valley Clty, North Dakota; New London, Minnesota;
Senecaville, Ohlo; and Gavins Point, South Dakota; three states — New
York, Michigan and Pennsylvania, with a total of nine hatcheries for all three
and the University of Wisconsin — participated in the Cocl Water Diet Testing
program,

Species used in the feeding trials were walleye, sauger, northern pike,

muskellunge, muskellunge/northern pilke hybrid, largemouth bass, smallmouth
bass and yellow perch,
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Table 2

Diet Formulations

Ingredients W-4 W-5 W-6 W-7
Herring Fish Meal 45 45 30 50
Wheat Middlings - 2 14 -
Soybean Flour - 10 10 10
Delactosed Whey 7 10 10 5
Brewer’'s Yeast 5 5 5 5
Fish Solubles 10 10 15 10
Blood Flour 20 - - 5
Corn Gluten Meal - 5 5 -
Fish 011 9 9 7 9

Vitamin Premix 4 4 4 b




The W-7 diet (Table 2), which is a high pratein, high energy feed similar
to W-5 but with an increased vitamin fortification, was tested at all stations,

None of the attempts of starting fry on dry feed were successful, Star-
vation, disease and cannibalism were the major factors responsible for the
high mortality. The fry were often started on brine shrim

P Or a natural feed,
but failed to convert to the dry feed,

The results from the fingerling feeding trials were more promising. Pond
reared walleye fingerlings ranging from 1.5 to 2.5 inches were used in the
feeding trials. Valley City NFH in a short feeding trial produced a fourfold
increase in a test lot of walleye fingerlings with approximately 75 percent
survival. In a Pennsylvania state hatchery, walleye fingerlings were fed the

W-7 feed and grew from 1.5 to four and five inches with a survival of 37.8
percent.

Northern pike fingerlings were reared successfully by Pennsylvania on
the W-7 feed from a2 1.1 inch size to six inches. Survival was only 15 percent.

Limited testing was conducted with muskellunge. Valley City NFH and
Pennsylvania state reared small 1.5 inch fingerlings io about six inches on
W-7 feed. Survival was in the areca of ten percent.

The results of the full-scale production program by the state of Pennsyl-
vania has shown that muskellunge/northern pike hybrids can be produced in
large numbers on the W-7 feed. One hundred thousand one to four {nch finger—
lings were fed the W-7 feed. The ending size of the fish was 5.5 to eight
inches. The average survival was 68 percent.

New York State was also quite successful in rearing the hybrid muskel-
lunge. Fry were started on zooplankton and brind shrimp, then converted to
dry feed.

The trials conducted with largemouth bass and smallmouth bass fingerlings
produced varying degrees of success. The growth rates were acceptable with
survival of 70 percent or better.

Dr. Calbert's work here at the University of Wisconsin included the
evaluation of three diets with 50, 40 and 27 percent protein. Preliminary
results showed that the perch grew about as well on the 40 percent protein
diet as on the 50 percent protein. The energy levels of the two feeds were
similar. This is an ongoing program, soc I do not have the final results.

The accomplishments in 1974 pave the way for dramatic changes in the
vhole concept of producing these species at the production level. One has
only to think about the broad range of species reviewed in this paper to
Bragp the interest and potential of this program. It has developed from a
cagual sideline to a formal program of significant magnitude.

The program for 1975 is already under way. The W-7 diet will again be
the test feed. Fry as well as fingerling feeding trials will be conducted
on all species. Work will be done in the areas of nutrition, disease control,
environmental factors, cultural practices and development of broodstock.
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We have tearned a let since tha start, but we still have a long way to
go before we can consistently have reliable and predictable results.
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QUESTIONS: Harold Calbert (in place of Leo E. Orme)
Could you talk about the hourly feeding of the fingeriings?

Let's talk about this in terms of size. As the fish hatch from the eggs
they have an egg sack attached to them, And for a period of three to

four days that extremely emall fish — not much larger than the head of

a pin — lives off his egg sack. After that time, the sack is consumed
and there's a period of four to six days when the fish has to have a

feed that we cannot formulate as yet — it's mouth hasn't even developed
yet. In nature, the fish would be eating rotifers, zooplankton and things
like that. We are doing some experimental work on this and will be able
to tell you after our fish hatch cut, what's best to feed them at that
stage. As the fish get up to about half an inch or an inch, they are
called fry. At this time they have to be fed quite frequently, during
the houra when the light 1is on. The next stage in the fish's development
is the fingerling stage -~ as they get up to about an inch or an {mch-and
a-half. By ten weeks, they are past the fingerling stage, but there isn't
any set date or size where they go from being, say, a child to an adult.
This period where you have to feed them every hour is a relatively short
one. I might add that if they do have sufficient feed in these early
stages of life, they will usually double in size about every 24 hours.

You have spoken of the diet for these fish. Wwhat is the availability of these
foods and who is procesaing them?

All of the items listed for the diets are normal ingredients which most feed
manufacturere would have on hand. These are commonly used in other types

of animal feeda, although probably in different proportions. There is a
local commercial feed manufacturer here in town, the Vita Plus Corporatien,
which has been producing feed for us. The Ralston Purina Company has

been producing feed for quite some time. Glencoe Mills is producing fieh
feeds and so are several other companies.

Has anyone had any luck using cheese whey material?

Yes. Whey is one of the ingredients in this formula. We do not raise the
fish completely on whey because you have a high lactose content and some
other problems.

Have you experimented with any natural foods such as worms?

When we got our first bunch of fingerlings in, through the graces of the
state Department of Natural Resources, some mud minnows and a few other oddse
and ends were mixed in with them. We separated out the perch but kept the
minnows and others around, kind of as pets. The fellow on the research
project at that time juat couldn't stand to see a fish die, so I couldn't
get rid of them. So whenever he was out of the room, I would take one of
these minnows and throw it into the tank with the perch and the walleyes.

As goon a8 1 threw the minnow in with the walleyes, it was gone. But the
perch, while they love minnows, are not fast enough to catch them. The
minnow could live in the perch tank and do quite well.
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This year, as we hatch these fish out, we are using some of the natural
feeds. But we have not made it a practice of using worms.

It was stated that the carbohudrates in the raticn make up ld to 20 percent.
Is there a certain process to that?

We have turned to such things as ocat flour as the carbohydrate source,
and we find that with the smaller fish, this has to be pretty fine.
They don't like it particularly well, and if you don't have it mixed
in fine, when they ingest the pellet they'll work it around their mouth
and spit it out. As the fish get larger and the pellets get larger,
this 13 not so much of a problem.

When you dilute your diet to reduce your protein from 40 or 50 percent doun
to 27 percent, what has been wour major diluent? And have you checked the
digestibility of various diluents?

We have been using what was available and what we knew would work. The
major diluents, in order teo keep the diet essentially isocaloric, have
been the oils. We have used oat flour in ours, although there are other
types of carbohydrate sources that could be used., As I mentioned earlier
these fish to not depend on the carbohydrates as thelr major source of
energy, so you have to keep it to a minimum. We have to be careful with
the oils 8o we are sure we have rthe egsentizl facty acids. This has been
one of the limiting factors. We can't get the oil tco high or they can't
aetabolize ir. There's quite a bit of informationm on this subject 1n
relation to other fish species and from everything we have tested to date,
the data seem to bear out wlth the perch, too.

If the discharge from a 50,000 pound-a-year fish operation ran into a diteh
where it didn't drain off too much, how smelly would it be onm a warm day in
the swmertime?

I really can't give you a specific answer to that, but by treating the
vastes with filters, we have removed a good bit of the organic matter,
which is basically what causes it to smell. I'm not saylng there
wouldn't be any smell but the major content of this waste would be

nore of a mineral nature if it has been treated properly before discharge.

Have you dome anything further on using the fish carcasses?

These go into meal which could be reincorporated back into the fish feed.

We do not have a fish meal operation here. There is, to my knowledge, omne
commercilal operation in Wisconsin. The University of Washington, in their
foed science department, has a small setup where they do take the carcasses
and produce a meal out of it, To do this, you need a system for drying

the material, heating it, grinding it and powdering it. So carcagses can be
reused in meal,but you have to have enough of this stuff for the processing
to be economical. On a farm producing 50,000 pounds of fish, where you prob-
ably wouldn't be cleaning them anyhow, I doubt that you would have enough.
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How economically feasible is this fieh raising project? Ic it correct that 1t
ecopts 58 cents a pound to raise fish?

I think you have to recognize that all the figures that were presented
here were based on assumptions and a lot of the technology 18 not yet
worked out well enough to know, For example, what's the most efficient
gize operation? 1 don't think we really know that yet and I think that
anyone that is going to go into this business ought to do this own
feasibility study and figure out what his costs are going to be on his
own specific operation.

A lot of these costs have to be projected. We have had to arrive at some
kind of a realistic estimate of the price that ocne would probably be able
to get for these figh. The feed prices have changed since we started
this project; fish prices will probably go up. 1 am sure that when we
egtimate certain costs, no two people will have those same costs. The
cost of a tank alone can vary. You may build your own tank and do it

for a quarter of the cost of a new one, We can't guarantee anyone a
profit; it could be an economical operation for some people but not for
others.

Is it possibla to take some of the stunted fish in lakea around the atate and
grow them in aontrolled conditions?

It depends upon at what stage of growth they are. If they are adult and
have been adult for a few years, I don't think they are going to show
too mich remarkable growth, In tank culture. Also the legality of taking
these fish is something else that would have to be considered.

When you projected these costs, did you include the cost of interest on the
money invested and so forth?

We used intereat on the working capital of eight percent and we also had
an interest or an opportunity cost factored in. The one cost we did not
have in here wvas land cost. If you are going to pay all of these costs
in any kind of an operation, as you know, you'll probably get down to a
fairly level line, but then, of course, you are taking your profit in
another way.
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DISEASE PREVENTION AND CONTROL IN CLOSED SYSTEMS

Fred P. Meyer
Bureau of Fishery and Wildlife, LaCrosse, WI

and

James W. Warren
Buteau of Fishery and Wildlife, Genoa, WI

Disease in fish culture 1s usually a reflection of the overall environmen-
tal conditions under which the figh are held. Prevention and disease control
must therefore be considered as an integral part of the overall program of any
fish husbandry. Disease control must be included in planning of the system
design, waste removal unitas, backup systems, nutritional considerations and
gelection of fish stocks. Use of drugs and chemicals should be considered only
when all other efforts to prevent or control disease have falled.

Any deficiencies in design, equipment capability, waste removal or diet
will result in poor growth, increased susceptibility to disease or losses, Well
nourished fish under optimal envirommental .conditions are usually highly resis-
tant to disease. When things go wrong in the environment, disease will follow.

Scmeone once coined a met of statements which have come to be known as
Murphy's laws. Paraphrased, these laws are as followa:

1. Don't worry — nothing will be all right.

2. 1If anything can go wrong, it will.

3, If anything goes wrong, it is sure to do so at the leaat opportune
time, when least expected, and when it will cause the greatest damage.

Anyone considering intensive culture of fish would do well to commit Murphy's
lavs to memory.

In considering disease control, one must realize that disease is actually
any state of "dis-ease,” j.e., any condition in which the fish is not at ease.

Flgh are similar to other domestic animals, especially chickens, in the
~ types of disease they contract. There are many parallels between the inten-
- sive culture of poultry and that of fish. Fish are susceptible to viral, bac-
terial and parasitic infectfons. They also develop tumors, have congenital
defects and are subject to a great variety of enviroumental injuries, such as
nitrite poisoning, chemical toxicosis, excessive temperature and sunburn. Hu-
tritional imbalances cause disorders such as cataracts, reduced fertility,
skeletal deformities, poor growth and death.
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Death from any cause is merely a sign, an indication that the fish were
unable to survive the conditions which prevalled. Since our definition of
disease includes any condition which weakens or kills the fish, attention
should first be directed toward the environment in which the fish are held.

Iln closed syatems, no water, oxygen or food enters unless it is specifically
provided by the fish culturist. No wastes leave unless provision is made to
remove them. Any deterioration of water quality in a closed system will immed-
fately cause stress which will be reflected in poorer fish growth, reduced
regintance to infection and death,

Nutritional Disease

Diets provided to the fish must include the energy and protein sources
needed and must also have adequate levels of vitamins and trace elements.
Fish producers who attempted to rear channel catfish in cages Or raceways
uwsing rations developed for pond culture experienced severe financial losses
due to broken-back syndrome. In the catfish, broken-back syndrome vas traced
to a deficlency of vitamin C (Lovell, 1974). Culturists attempting to use
closed systems should expect similsr problems since the dietary requirements of

predator fishes, such as the yellow perch and walleye, have yet to be adequately
determined.

Environmentallz-!nduced Diseane

What goes inte a culture system as food comes out, elther as fish flesh
or a8 wastes. Normal metabolism produces waste products that will ultimately
prove toxic to the fish if not removed. Ammonia, carbon dioxide, urinary and
fecal wastes and decomposing organic matter such as uneaten food, all contrib-
ute to a deterioration of the water quality. A system capable of sustaining a
population of small fish may be totally inadequate when the fish have doubled
or tripled in gize. The reader is referred to Piper (1970) or Speece (1973)
for information on how to avold overloading and losses associated therewith.

Biological waste removal processesa require oxygen — over and above the
amount required for fish respiration and metabelism. In a closed system for
trout culture at 35 degrees ¥, fish respiration used 3.8 ppm of oxygen. Nitri-
fying bacteria required another 3.4 ppm (Speece, 1973). The effect on aeration
costs is readily apparent. Ironically, as ammonia and carbon dioxide concen-
trations rise, oxygen levels are usually dropping. As oxygen decreases, the
toxicity of ammonia and of carbon dioxide increasea so a double threat develops
to fish survival.

The removal of metabolic wastes must bhe efficient and continuous. Any
decline in efficiency will be reflected in stress and declining fish health.
The importance of continuous operation cannot be overemphasized. A half-hour
shutdown can prove fatal to all fish fn a heavily loaded system.
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Relation of Environment to Infectious Diseases

Having considered environmental factors as potential sources of disease,
attention should be directed toward infectious and parasitic agents. Certain
orgsnisms survive only in live fish, aund transmisslon of the diseases they
cauge is from fish to fish. Such disease-producing agents are true pathogens.
Others are extremely adaptable organisms and can survive outside of fish,
causing Infections whenever fish are weakened or otherwise predisposed to
disease. Most fish disease agents are of this tvpe, §Still other microbes
rarely cause infection, doing so only in marginal environments. Wild fishes
frequently carry low numbers of these organisms in their bodies, i.e., they
may be "carriers."

The most common fish disease agents are ublquitous fnhabitants of natural
waters. Whether or not outbreaks occur is the result of complex interactions
between the host, the environment and the pathogens (Snieszko, 1974). Three
basic factors must be co-existent if disease is to occur. These are: the
host must be susceptible, the disease agent must be infective and the environ-
menta] factors must be working to the disadvantage of the host. This may be
graphically demomnstrated by Figure 1.

Environmental elements are usually the triggering factor in disease out-
bregks. As long as the host, the pathogenic agent and the environment are in
balance, no disease occurs. However, a disturbance in any one of them disrupts
this balance, and a disease outbreak will appear and spread.

In natural waters, the incidence of disease is seasonal, usually in
response to temperature, environmental stresses or changes In the developmental
stage of the fish (Meyer, 1970). Enviroumental conditioms in functioning closed
systems should be relatively static. This means that only those parasites that
thrive at the ambient temperature will flourish. All others will disappear or
never be a problem. Those parasites whose survival is enhanced will cause
problems far in excess of their importance in the wild and will show no season-
ality in incidence. Once Introduced into a cleosed system, such organisms will
cause continuous threats to the fish stocks. Although the number of species
of problem crganisms in artificial culture systems may decline, the severity of
their effects will increase manyfold (Dogiel et al., 1961).

Management as a Control of Disease

Fish culturists try to maintain a highly favorable enviroument for the
fish and, in doing so, work te the disfavor of disease agents. Success in
fish culture is limited, not by the best conditions available, but by the worst
conditions that develop during a rearing cycle. According to Wedemeyer (1974},
"Pish {n intensive culture are continuously affected by environmental fluctua-
tions," such as changing temperatures and water chemistry (especially during
stocking operations) and by "management practices such as handling, crowding,
hauling and drug treatments.” These stresses require adjustment by the host.
Any time the siress exceeds the host's capability to adjust, disease will re-
sult. Wedemeyer (1970) has shown that even moderate stress can predispose fish
to physiolegical disorders or to infectious diseases. In cleosed systems, even
though a mechanical breakdown might not result in direct losses, it could lead
to other digeases due to the stresses to which the fish had been subjected.
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SUSCEPTIBLE PREDISPOSING
HOST CONDITION

Fig. 1--Interrelationships of factors involved in
outbreaks of disease (After Snieszko 1973).



Mayer (1%70) reported a high incidence of hemorrhagic septicemia in channel
catfish that survived low oxygen stresses on commerclal f£ish farms.

Disease-Free- Stock

The selection of healthy fish stocks is equally important to developing an
adequate environment. Tt is imperative that all fish placed in the system be
a8 free of infectious diseases and parasites as possible, Wild fish should be
avoided since all can be carriers of disease which cannot be removed by pro-
phylactic treatments,

If possible, start with eggs which have been effectively disinfected prior
to introduction into the system. If fish are introduced, these should be from
a source where the health of the stocks has been monitored and the fish are
known to be free of major {fufectious agents,

Complete rearing of a fish stock in finteunsive culture from egg to adult-
hood is very important if a closed system fish culture is to succeed. Brood
stocks of known history must be developed which are free of infectious agents
found in wild stocks.

Disease agents enter systems usually on fish or with water in which in-
fected fish were held. This means that organisms can be introduced by the
fish culturist unless every effort is made to prevent doing so. New lots of
fish should be given prophylactic treatments and held in quarantine until
they are determined to be healthy. New fish should never be stocked directly
into an operating system. The danger of contaminating the reat of the stock
congtitutes a risk the owner cannot afford. Once a disease 1s introduced or
develops in any part of the system, the entire stock is wvulnerable and will
develop the infaction. The effects are similar to a foreat fire —— when one
begine it will apread to the entire forest unless it is atopped by some outside
force. In the case of fish diseases, when prevention has failed the only re-
course is to use chemical treatments or to close down the system.

Careful stock selection will help veduce problems, but there is no way to
anticipate everything that will arise.

Indficators of Digeasge

Awareness 18 the key to success. Awareness of mechanical problems, of the
health of the fish stocks, of water quality and of what to do to solve the
myriad problems that wight occur is what preventive medicine in fish culture
is all about.

A daily log of losses must be kept, Such Information provides valuable
insight to problems which exist fn the system. The culturist must always know
exactly how many fish are present in each tank. The concept of being '"nickeled
and dimed to death"” certainly applies in fish culture. The number of animals
present affects feeding rates, flow rates and treatments for disease.

Rates of loss may also provide information as to the source of existing
problems (Figure 2). Failures of the pumps, aerating equipment, biological
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filters or backup equipment represent environmental catastrophes which cause
all of the fish in the system to die within a short period of time. Highly
virulent bacterial or viral infections begin with a slow loss rate that rapidly
accelerates to high proportions., External parasites, bacteria of low virulence
and marginal envircnmental conditions are evidenced by low but persistent
mortality rates.

Treatnwent of Infectlous Diseases

Even under the best of environmental conditions, disease outbreaks occa-
sionally occur. Failures to use parasite-free stocks, the stocking of carrier
fish or the uae of contaminated water supplies will introduce infections to
otherwige “clean" systems. Every fish culturist dreams of being able to raise
diseane free astock — a dream that has yet to be achileved in fish culture. As
a result, the need for treating fish should be expected.

"Viral diseases do not respond to any type of treatment. When such infee-
tions occur, the best course of action is teo destroy the infected lot and ster-
ilize the entire facility. Since vivuses are true pathogens {transmitted by
infected fish or the water), the source of infection must be identified and
eliminated before a second culture attempt is made.

Drugs that might control mest of the common bacterial infections are
known. Unfortunately, few of these are economically feasible and even fewer
have been approved by the Food and Drug Administration for use on fish intended
for human consumption. The paucity of approved drugs places additional restric-
tions on their use. While a culturist might wish to use drugs on a preventive
basis by routinely treating at periodic interwvals, doing sc¢ could actually work
against his goal. When drugs are used improperly, susceptible bacteria may
develop a resistance to treatment. More and more drug {s then required to
achleve the same level of control until, ultimately, the bacteria are totally
resistant.

Parasitic diseases of an external nature can be treated, However, chemi-
cals approved for use on food fishes are also few in number. Drug resistance
may occur with these organisms as well.

Many of the chemicals used to treat diseases adversely affect biclogical
filters, o provision must be made to prevent such compounds from circulating.
Bypasses can be used to operate a closed system during treatment, but the cul-
turist must realize that bypasses require the addition of substantial amounts
of makeup water since treated water must be discarded to protect the Filter.

If bypass systems are provided with their own pumps and plumbing, they can slso
be used to operate the facility during emergency repairs of the regular equip-
ment.,

Four key factors must be considered whenever a chemical application is
contemplated. Briefly stated, these are the water, the fish, the causative
agent and the chemical. Knowledge about each must be in hand before any
application is made.

_ Knowledge of the water includes such information as knowing the volume in
each tank and in the total system, whether or not s bypass system is available
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and how much makeup water is availabdble. Also, what is the rate of turnover in
each unit? What ie the water chemistry (pH, total hardness, alkalinity, dis-
solved oxygen level, etc,)? What is the temperature?

Knowledge concerning the fish includes the species under culture, the
number of fish present, specific requirements for temperature and dissolved
oxygen and any unusual sensitivities to chemicals. A given compound may be
many times more toxic te one species than another. As an example, young bass
are very sensitive to malachite green whereas channel catfish and rainbow trout
are fairly tolerant., Pggs are especially susceptible to chenical damage close
to the time of hatching. Sac fry and larval stages are usually more sensitive
than fingerlings and adults. Another aspect to be considered concerns the con-
ditfon of the fish. Quesations such as —are the fish too sick to take food,
and are they too wesk to tolerate treatment -— must be considered.

Information on the causstive agent should include, first of all, a correct
diagnosis. This knowledge should then make 1t possible to determine the vulner~
able portions of the organism's life cycle, what type of compound will be
needed, and how beat to apply it. Systemic bacterlal infections require anti-
biotic drugs administered in the diet since drugs added to the water would never
reach the site of infection.

When all of the foregoing data are in hand, one may then begin to consider
which drug or chewmical to use. Selection of the compound must be based on the
following information: Is it effective against the causative agent? 1Is it
available in a formulation that will reach the site of infection? 1Is it effec~
tive under the existing water chemigtry? Wi{ll it have adverse effects on the
biological filter? Is it known to be toxic to the species of fish or life
stages involved? Can I afford to use it? Is the compound approved by the Food
and Drug Administration for the use I am planning? Fallure to observe the
latter could result in the production of fish which cannot be marketed due to
illegal chemical residues in the flesh.

It should be immediately evident that the successful treatment of fish
goes far beyond diagnoeis of the problem. Beginmners should seek technical
asasistance and obtain Informational guides much as Treatment Tips: How to
Determine Quantities for Chemical Treatments Used in Fish Farwing (Meyer,

1965), and Cost of Disease Treatment (Piper and Wolf, 1959). Proper forethought
avolds most of the complications which might develop, ylelds more efficient and
effective treatments and results in improved fish health.

While disease is frequently blamed for the failure of many experimental
systems, it is our opinion that disesses are merely an indication of more
basic problems. Careful analysis of the many projects which attempted te grow
channel catfish in closed systems reveals that nearly all systems were inade-
quate, overloaded, lacked backup facilities or were based on incompiete acien-
tific knowledge of diets and water quality requirements.
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Sources of Technical Advice and Assistance on Fish Diseases and Their Control

Bastern Fish Dimease Laboratory, U.S. Fish and Wildlife Service, R.F.D. 1,
Box 17, Kearneysville, WV 25430

Pish Farming Experimental Station, U.S. Fish and Wildlife Service, P.0. Box
860, Stuttgart, AR 72160

Hatchery Biology lLaboratory, U.S. Figh and Wildlife Service, P.0. Box 252,
Genoca, WI 54632

National Fieh and Wildlife Disease Laboartory, U.S. Fish and wWildlife Service,

Univereity of Wisconsin-Madison, c/o Department of Veterinary Medicine,
Madison, WI 353706

S8ources of Information on Filsh Diseases

Pullock, G.L., D. A. Conroy and S.F. Snieaszko. 1971. Diseages of Fishes.
Book 2A: Bacterial Diseases of Fishes. T.F.H., Publications, Inc., 211
West Sylvania Avenue, P.0. Box 27, Neptune City, NJ 07753. Cost: about
ten dollars.

Conroy, D.A. and R.L. Herman. 1970. E. Amlacher‘'s Handbook of Fish Diseases.
T.P.H. Publicatfona, Imc., 211 West Sylvania Avenue, P.0. Box 27, Neptume
City, NJ 07753. Cost: about $15.00

Boffman, C.L. and F.P. Meyer. 1974. Parasites of Freshwater Fishes: A Review
of Their Control and Treatment. T.F.H. Publications, Inc., 211 West Syl-
vanis Avenue, P.0. Box 27, Neptune City, NJ 07753. Cost: about §15.00.

Meyer, ¥.P., K.E. Sneed and P.T. Bechmeyer, 1973. Second Report to the Fish
Farmers. Resource Publication 113, Fish and Wildlife Service, U.S.
Departwent of the Interior, Washiagton, D.C. 20240. Cost: about $2.50.

Meyer, F.P. 1965. Treatment Tips: How to Determine Quantities for Chemical
Treatsents Used in Fish Farming. Fish Farming Experimental Station, P.0.
Box 860, Stuttgart, AR 72160, Cost: free.

Piper, R.G. 1970. Know the Proper Carrying Capacities of Your Parm. New
Mathod at Boreman Center Should Help Fish Parmers Cut Losses Caused by
Overloading. American Fishes and U.S. Trout News, Vol. 15(1):4-6 and 30.

Spotte, §.H. 1970, Fish and Invertebrate Culture: Water Management in Closed
Systems. John Wiley and Sons, 60§ Third Avenue, New York, NY 10016.
Cost: $8.95.

The Progressive Fish-Culturist. This is a quarterly journal which contains
many articles related to fieh disease control and closed culture systems.
It is available fros the Superintendent of Documents, U.5. Government
Printing Office, Washington, D.C. 20402 at the cost of $3.05 per year,
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QUESTIONS: James Warren and Fred Meyer

How would you know whether you have a potentially lethal chemical or mineral
element in your water eurply?

You can do two things. First, you can have your water analyzed. This isa
rather expensive propositicn. Even more meaningful would be to try your
water out on a few fish. You don't need an elaborate system, just 4 system
that could be used to test a small population, even a few hundred fish, for
8 30-day period or longer. These smaller pllot trials are essential before
you get intoc a large-scale investment and operation.

If you are using an old deiry facility where certain insecticides are used,
how would you control these insecticides' residues to prevent them from jetting
into your present sygtem?

Talk to your state board of health and find out what is allowed in a food-
producing facility. Find out whether or not there are likely to be residues
and if so, what are the hazards. There are so many different compounds
that you could use that it would be difficult to pinpoint any cne. The
best bet is tec talk to your state board of health.

Are you working on any tmunization treatments that would help prevenmt some of
theae diseases in fish?

This is probably one of the busiest areas of fish disease research at the
present time. On the West Coast, for example, they have developed a
commercially-marketed vaccine for immunizing young coho salmon agaiast
vibrio -~ a bacterial infection — prior to their stocking in saltwater
rearing impoundments.

Keep in mind that the salmonids — the rainbow trout and the salmon —
bave been raised for something like 75 years and we still don't have a
vaccine for them. We haven't even really begun to raise yellow perch
yet, so we're just scratching the surface as far as perch are concerned.

Could you use PVC piping in your system and not worry about ending up with
PCBs or any other chlorinated hydrocarbons in your fish?

There's a slim possibility. There is a problem in confusing PVC and

PCBs. For those of you not familiar with these two termr, PVC is polyvinyl
chloride, which is a compound they use to make plastic piping and PCBs,
polychlorinated biphenyls, which are also found in plastics as plasticizing
agenta. PCBs may be a problem. With proper cleansing, preparations and
rinsing, the residual amounts of plasticizers in most fish culture systems
ate quickly washed away. After all, we're talking about a systenm that is
being continually rinsed. Perhaps at first there may be some residues on
npew material, but cthis 1is generally flushed out quickly. During a period
of time the scluble materials will be leached out and removed from the
system,
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How do you detect fish that have paragites?

L didn't really discuss how to tell when a fish is sick. The very first
indication 1s when the fish quits feeding. That's the first indication
that something's wrong. Secondly, look for changes In behavior. Fish with
parasites will sometimes scratch and rub themselves against the bottom of
the tank. Other times they might actually spin in circles and have convul-
sions. Fish, like the yellow perch, generally swim with the dorgal fin —
that's the one on the back — erect. If that'’s drooping and folded, the
fish 18 not feeling well. Listlesaness, lack of energy, sores on the side,
little white pimples, color change — these all are indications of disease.

How do you pick out the sick ones when you have 150,000 head?

If'you had 150 head of cattle in a pasture, you wouldn't bave any trouble
picking out the sick one. Same with the fish. Sick ones generally
segregate themselves from the reast. The healthy cones either come to you,
if they are accustomed to you, or they flee. The sick one is the ome left
behind. They are the ones that collect at the screen where the water

goes gut. They are the weak ones.
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SUMMARY

Robert A. Ragotzkie

Director, Sea Grant College Program
University of Wisconsin

We have heard today about a system to raise yellow perch rapidly, effi-
ciently and economically. We have heard about some of the problems you will
encounter and we have heard some of the solutions. We have had the moment of
truth with Professor Vilatrup who led us through the cost analysis to the
bottom line,

We learned something about the legal aspecte of 20th century fish farm-
ing — about the licenses and permits needed — a situation I hope can be
simplified as socon as fish farming becomes a reality.

From the food industry people we learmed that yellow perch are in demand
and that existing and potential markets will grow if the supply can be
increased.

All of these factors are and will be the subject of ocur continuing Sea
Grant research and advisory service program. This conference is the first
exposure of the results of our aquaculture research program. Through this
and future conferences and workshops we are inviting you to be partners with
us in this exciting enterprise.

All of what we have heard today relates to perch and the Great Lakes.
1 chink it might be useful to spend a few brief moments to place this perch
aquaculture project in a larger perspective — a perspective beyond today and
beyond the Great Lakes.

Firast of all, fish farming is not a new idea. Nearly 2,500 years ago in
the year 475 B.C. a Chinese scholar, Fan Li, wrote the first treatise on fish
culture. About 1,000 years ago Hawaifans were practicing fish farming to
provide a private and reliable source of fish for their chiefs. They did this
by building large enclosures at the edge of the sea, using large rocks to
conatruct the dikes. The virtue of this system was that the sea water coo-
taining plankton and small organisms moved through the interstices of the rock
dikes, but the larger crop fish were kept in while predators like barracuda
and sharks were kept out. Thus the Hawailans had a pretty efficient system.
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Of courae the Hawaiian system did not produce as much fish per gallon as
Dr. Calbert, nor was the product as easily harvested. But it worked, and
since the cost of labor was not a malor consideration for Hawaiian chiefs,
econowmics was not a serfous problem.

So figh farming is an old idea, but until very recently it has not been
widely practiced outside the orient and Indonesia. Large-scale, commercial
fish farming was not developed for several reasons.

Probably the most important reason is that until recently it was believed
that the wild fish resources of the sea were Ilnexhaustible. Only in the past
ten years has this belief been proved wrong. Even In the 1960s suggestions by
fishery scientists that the capacity of the sea to produce was limited and
that this limit wae being approached fell on deaf ears.

Of courae the concept of the sea as an Inexhaustible supply of food was
a part of the larger concept that the world could produce enocugh food to
feed ita people for the foreseeable future. No one at that time took seriously
the idea that there might be a worldwide food shortage within 20 years — yet
here we are. Wheat and corn surpluses are a problem no more, grain exports are
today more a political isaue than an economic one.

In 1872 the largest fishery in the world, the anchoveta fishery off Peru,
sufferad a major collapse — due partly to a severe cccurrence of El Nino,
which 1is a disastrous incursion of warm tropical water into the cold upwelling
area off the Peruvian coast, and partly to overfishing. The anchoveta catch
decreased from ten miliion tons per year to less than two million tons. The
result of this collapse was a shortage of fish protein concentrate, which is
used for poultry feed. This in turn put added pressure on soybeans as a
gource of protein, and so we see how the limits of the sea directly affected
land-based food production.

Many other marine fisheries are showing serious signs of overexploitation.
The whale fishery is essentially destroyed. Cod, plaice, haddock and other
ground figh are becoming scarcer. Production of shellfish and crabs is de-
creasing because of deterforation in the water quality of coastal estuaries.
Taternational coumpetftion for migratory fish such as tupna and salmon has
beceme intense — to the detriment of the fish stocka themgelves.

Another reason that fish farming developed so elowly was the lack of
econpomic incentive. It was cheaper to catch wild fish out of the sea and
fish prices were not high enough to attract private capital into new and
risky ventures.

Todsy these factors are changing and changing rapidly. The capacity of
the sea to produce usable protein i{s being approached such faster than any-—
one expected and at the same time demand continues to ilacrease. Food costs,
and especially protein costs, are rising and will continue to do so as the
real cost of energy and fertilizer is accounted for. So the economic incen-
tive has developed.

With these changes has come a recent research emphasis on aguaculture.
In the laat several yeara the number of successful or promising aquaculture
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projects has grown from a few undersupported and undermanned projects to

raise shrimp or oysters or even an abortive experiment in the late 1940s to
raise clams for Campbell Soup Company, to a whole spectrum of scientifically
gsound and well supported projects. Several trout and salmon farms are on the
verge of making money on the west coast, pompano and shrimp are being raised
in Miami, closed-system oyster and clam preduction is being developed in
Delaware and even the delicate and finicky Maine lobster is succumbing to
culture methods being developed on both east and west coasts. In fresh water,
catfish farming in the south central states has become a major source of in~
come for farmers.

So we return to an old idea whose time has come. Although the response we
received from Washington when Harold Calbert proposed four years ago to try
to ralse perch in Wisconsin was somewhat less than enthusiastic, all the signs
pointed toward success. First, Professor Calbert had a pretty impressive track
record raising chickens; second, the Lake Michigan perch fishery had esgen-
-tially disappeared and the Lake Erie supply looked none too good: and finally
the entire food picture — both land and sea — had begun to change from a
surplus situaticn to a long-term shortage situation.

As you all learned today Professor Calbert and his group are on the way
to success. He has shown that it is possible to raise marketable and tasty
perch fast and cheaply in the laboratory. He now is ready to give his system
a trial on a modest pilot plant scale. This pilot project will give him and
hig group an opportunity to solve the problems that will inevitably arise at
the operational scale. The system will be refined and adapted to production
methods — then we can think about perch farming as a viable and profitable
business.

I know you are all anxious to see this pilot-demonstration project. So
let me say thank you all for coming and I hope you found the day worthwhile.
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