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WELCOME

Richard W. Soderberg
Aquaculture Specialist, Sea Grant Advisory Services
University of Wisconsin-Extension, Madison, Wisconsin

Good morning and welcome to the conference.

The two major obstacles standing in the way of commercialization of

perch aquaculture are excessive energy demands and lack of a reliable
fingerling supply. We're predicting that by this time next year we'll
be running our growout units on a fraction of the horsepower presently
used. Perch fingerling production 1s the problem we'll address today.

Because of their small market size and limited growth potential, perch
aquaculture will be a fingerling-intensive proposition. Larger numbers
of fingerlings will be required to produce a given weight of perch than
for most other apecies being cultured. For this reason, purchased
fingerlings becowe a major element in the cost of producing a pound of
perch., From an economic standpoint, it is difficult to fit a five to
10 cent fingerling into the cost of producing a fish that will sell for
30 eo 40 cents when grown out.

The purpose, then, of this conference is to present what we consider the
state of the art in perch fingerling production to help reduce the cost
of this element of perch aquaculture,

We have an impressive group of speakers here today to accomplish this
task. Dr. Harold Calbert, leader of the aquaculture research program,
will get things started with a summary of the University of Wisconsin's
efforts in perch aquaculture. Terry Kayes, Department of Focd Science,
will give an accounting of his research on the reproduction of perch.
Dr. Ken Hokanson from the United States Environmental Protection Agency
will present the EPA's findings on the environmental requirements of
larval perch. Sherman Stairs, manager of the Lake Mills National Fish
Hatchery and his former assistant, Graden West, will relate their ex-
perience in the pond production of perch. I'm the extemsion agent for
fieh farming in Wisconsin and I'll have a few words to say on prepara-
tion of a financial budget for a pond fisheries operation. Ron Henry
from the Fish Control Laboratory in La Craosse will wind up with com-
ments from his experience in pond construction, fish tank design and
other practical aspects of fish culture.



THE PRODUCTION OF YELLOW PERCH FINGERLINGS

Harold E. Calbert
Professor, Department of Food Sclience
University of Wisconsin-Madison

The development of any sound system of aquaculture depends on many fac-
tors. One of the most important of these is a dependable source of
young organisms that can be grown and marketed at the proper time. An
aquaculture system for producing yellow perch is no exception.

To have a successful aquaculture system for yellow perch production the
grower must have available a dependable supply of fingerlings at a
reasonable cost. These fingerlings should be as free of disease as
possible, be efficient converters of feed, be fast growers and should
gevelop into fish of a quality that will meet market demands. Perch
ingerlings meeting these criteria have not been regularly avallable to
the aquaculturist. The purpose of thia seminar 13 to dlascuss some of
the steps and problems involved in producing & better quality fingeriing.

The fingerlings that have been available on the market have been mainly
from wild stock. They have resulted from the Iincidental hatches from
ponds, streams, lakes, etc. These have been seined and sold to help
meet the market demand for Fingerlings. The quality of these finger-
lings has been quite variable with respect to the desirable character-
istics just mentioned. Many times the supply has not been sufficient
to meet the demand. The price per fingerling has varled with availabil-
ity, size and other factors. This is not to criticize the producers
and sellers of these fingerlings. It is the best that they can do and
represents most all of the fingerlings that have been avallable from
commercial sources.

One of the major goals of the University of Wisconsin's aquaculture re-
search program is to conduct research and develop the technology that
18 needed to produce better perch fingerlings. As this information is
developed, it will be brought to the public aa quickly as possible by
means of publications and bulletins, seminars and meetings and by our
extension personnel. This meeting serves as an example.

Thie past 1977 season is the first one in which we have produced perch
fingerlings in quantity as part of our research program. All that we
have produced are being used in our research program. From the experi-
ences that we have had during this past season, we have learned various
things that will guide us in our future work.

All perch fingerlings hatched at the same :ime and exposed to the same
environmental conditions and feed supply do not grow at the same rate.
Figure 1 i1llustrates this point. The two fingerlings pictured are from
the May 1977 hatch. This plcture was taken in the latter part of September
1977 when the fingerlings were being removed from the rearing ponds.
During the intervening time both fish had been exposed to identical envi-
rommental conditions with respect to water temperature, food supply, light
conditions, oxygen levels, ete. Yet the larger fingerling weighs about

10 times as much as the smaller fingerling. Why? 1Is it due to some in-
herited traits? We do not know. Theae are not two isolated fingerlings
representing the largeat and the smallest of the hatech. We had wmany of
both sizes and sizes in between these.



::Figure 1.

Yellow perch fingerlings of same age and grcwn'
under similar conditions during the 1977 season)




I£ we could be assured that g_large_percantage_pfq @ perch hagch
would result in f;ngerlinoﬁ Tike the larger one shown, we would be well
en the way of reaching one of our rﬁsearch goals,

Io attempt to find the angwer to some of thesze quesntions, T wonld Like
to tell you as briefly as pOSH}bli lbov: zome of our research plans for
the lQIB season._ﬁ _

Préqently we are carrvzng about &50 adult persh in a specially designed
rauk that" duplicateq, up to a point 'the conditiong that rhese fish
wou?d exp@r1enge in‘a naturai take -By‘being eﬁpﬁqed te lipht and te
pETaturs ronditions thqt shfluence spasming, e hope that these tl%h
will have a normal spawaisg cyvelé in'the 1978 SOATON, At the proper
tim“ epgs will be stripped from the f@malea and milt Trom the males.

' eggs will be artificiaily’ ﬁertilxapd “ha fertillzid eg?ﬂ wiii be
har h@d under v&rinus ?ﬁn&itiona co : - .

' One group ﬂf f&rtilized eags ﬂill be placnd directiv into :ha 11n@er;3ng
ratsing ponds. ~They will -be dllowed tio -hatch there and the larvee will
rémain in the pond as will the eventual fingerlings. These will spend
the dummer in the ponds and be grown 'on natural and supplemental feed.
Thev will be removed from the ponds in the late summer of lQ/S.- Figures
Z and 3 show this type of attivxty in the 19?7 season. T

.Anmther group of fertili:ed eEes wil} b@ hdtched in tha Labﬂraaory

. Attempts will be made to carry the newly hatched larvae from egg-sac
stage through the fingerling stage in the laboratory., This means that
they will need a8 source of autrients once the yolk-sac is utilized. Ve

- Had modest success in the 1977 season with some formulated feeds used

'fon;this-purpnse We have several other feeds that we wish to try im

.. the: 1978 season. Once these fish reach the small fingerling stage, we

21  have T txouble carrying then on: formulated feeds.

.5.aﬂme iertllized egga will be hatched out in the rearing ponds and allowed

.fzzf_to develop ‘into fingerlings om the natural feed svailable in the pond.
'-;;;Hawever, they will be in cages that have been so designed thatr they will

>nd iingerllng% in the pqnd.E F;guLL 4

2d - use : It is hoped that in this
muﬂner & strain of ycliaw perch Ldn be developed that will be most
3uitdh1a for Lontrullmd' nvironmedt aquatulturt It will take many vears
B dnd many generattona of sh to_rcauh thif goal. '




Figare 1. Sefning Yingerliog rearing pond, September 1977,



LARAR 35D MILRSH

WME .H K REEN
HOLY 237 - .
EfAtAE -
AR LIFY
TINTRKE
// b/
& % RIGIL FIBEMuLASS
N /\A BASE
ML FolyETHYLENLD s flr |
FlLi . J
FRY ISOLATION UNIT
Figure 4. PRestraining cage used to isolate perch hatch In

rearing pond.



. 5upply ui ]uuu? flah

BEPRODUCTIVE BLOLOGY and ABRTIFLCIAL PROPACATION
METHUDS For AMLT PERCH

Terry Rayes
Food Sélence Pepartment
UQRVLI&}IV of Wisconsin-Madison

_eanxeq exthax AN dbundant and harvavtabLe 2
rum ndturul 5uurnea T qure mﬁghdﬂﬁbﬁui_ﬁﬂﬁﬂﬂf-ﬁ
' ';plurad oY dOWU‘&l( »tnﬁks" ‘The commereial
pends Gpon. the ) latter approach becaitse
_ __pxanxhit Lhe barvesting of game Lish £re
: ddteru_dﬁd b;gxu e wuvz;unmﬂntdl d;bturbancaf and T
_Llas» fluctuatiy 1
C Harvesting wmld e
' -'xpevaive

Intensive fig h cultuxb

Nerhodm ara proﬁantly avallabla_fut iutwuuxvaly grupigaakng QPVL_aL
species oﬁ fish Unfartunately, perch 15 not one. of these, 50 thre
‘years Jga 1 began A remesroh progrim to answer Lwo mrjor qugstiou%’
First, ¢ “the'JnnuJ1_rQ r0ducLLvn <ycle be manipulated teo suit the
needs of hiph intensity aqudculture? and,. Suocond, can.perch be prup
pated on a Larpge géate when sexually mature fish ace d"dklible 3 Lne
answers to thes@:Queftiunu’are:wdybu_dnd pxobdbly

Today T am first bo1nh to ﬂurllnc SOmO partlntnt deat 4ixa Ye arding thu
reproductive physiology of perch. Then T will detail some wethods of
propagating this species wader controlled cooditions. Time and experi-
ence will show the extent to which these methods can be applied 1o wass
culturp ' ' '

The perch has an annual reproductive cvele during which the size and _
maturational state of the gonads fluctuate dramatically. The natura=
:ftional state of the gonads is penerally reflected in theiv size. The
o term that denotes this is the gonadic sematic index, which is eqsentlalw
*?fly the'&ize o rh"ymnadq 1el&tive to the body.

iFig&ré. . howsfhéw” e gnnad[c sematlc index increases through the sea-
‘sons Note th@ males start out at zero and the gonads incra;ow-in gize
‘until they oTeupy ahaut 15 percent of the total body weipght. In females,
the index reaches A0 percent. “Tu both sexes, the gonads begln to in=-
crease 1H gize in August and September and continue to devulup through-
wut the winter until the fish finally spawn in the spring. The winter
period is not a,pds ive or resting phase; it is a period of active devel~
opment._- PR : S : - R :

Th&'reprﬁdﬂctiﬁeﬁcYnIes in fish are controlled or influenced by a host
. of domplex factors and iaterlocking mechanisms. Reproduction, as a
-physiological process, is controlled by the endocrine system, which 1n
turn is controlled hy the brain,
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Maturation of the gonads and spawning of fish are two separate pro-
ceases. The gonads obviously have to be mature before eggs can be re-
leased. The important mechanisms that control maturation of the gonads
in fish can be divided into internal factors and external factors.
Obviously a fish has to be well nourished to develop good gonads.
Availability of a nutritionally proper food is 2 very important and
banic requirement. Tied to this is the internal requirement for rela-
tively good health. Photoperiocd or day length is one of the cardinal
factors influencing reproductive cycles. In the spring anmd fall,
photoperiod is elther increasing or decreasing and evolution has

caused this to be a primary key mechanism in the environment to tell
animals what time of the year it is. Another factor is temperature

and there are also ilnternal biochemfcal mechanisms. A final factor is
tiasue "readiness." The gonads contain a variety of tissues that give
rise to eggs and sperm. Hormones, experimental temperature regimes or
photoperiods can be used to try to stimulate the gonads, but this only
works at certain times of the year. The very simple reason for this is
that at certain times of the year, the tissues will not respond to any
type of stimulation.

The brain picks up stimuli from the environment and, through the
pituitary gland, controls the reproductive cyecle. The pitultary ex-
cretes a varlety of hormones, one of which is called gonadatrophic
hormone or GTH. These gonadatropins are secreted on a seascnal cycle
to control reproductive thythas, :

In the case of the male, the gonadatropin enters the bloodstream and
reaches the testes, which are also endocrine glands capable of secre-
ting hormones which are primarily androgens. The gonadatropins also
stimulate spermatogenesis or sperm production. Sperm are only present
in the testes of fish at certain times of the year. The androgens ex-
creted by the testes apparently are involved in this process.

A rather similar type of wmechanism appears in the ovary. The gonada-
troplas travel to the ovaries and stimulate production of estrogen,

and oogenesis or egg production occurs. This is also a seasonal phe-
nomenon. The major difference between eggs and sperm in fish is that
the egg has a very large yolk made up primarily of fat and some pro-
tein. These proteins and fats are synthesized in the liver and synthe-
ais 13 under the conrol of estrogens. Yolk collection begins after the
initlation of oogenesis.

Fish generally spawn at the time of year that is best for them. Trout
spawn in the autumn, whitefish in the winter, carp and bluegills in
the summer and perch and walleye in the spring. There are a mumber of
external factors that tell the fish when it is time to spawn. Omne
possibiliry 1is runoff from snow melt to stimulate spring spawning fish.
Runoff is known to have an important influence in contrclling spawning
of such fish as carp, but it is not known whether or not it influences
spawning of perch. FPhotoperiod is preobably the wmost important influ-
ence on perch spavning.

Other factors influencing perch spawning are temperature, spawning
ground and behavior. It has long been known that perch spawn when the
water reaches 10°C (S50°F). Often fish will not spawn unless an active
gpawning grouud is available—they will simply absorb their eggs. The
female may also absorb her eggs if a male is not present to make a
behavioral stimulus. Walleyes will not spawn without the presence of a
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male, but perch will, under some conditions, if other internal factors
are working.

There is a regular chronology of events that occur in fish when they
spawn that begins with a mature gonad and the various accessory organs
that are fnvolved in spawning. There is a fluid shift into the gonads
as they hydrate and begin to ripen. In the females, there is a great
deal of abdominal swelling. The next step in most fish is ovulation
and spermiation. Ovulation 1s simply the release of eggs from fol-
licles in the ovary into rhe internal structure where they are ready to
be released. Spermiation iz the release of sperm from lobules of the
testes into the interior where they can be released on spawning.
Finally, spawning itself takes place and again, the endocrine system is
involved. Gonadatropic hormones have been used in fish culture to
stimulate the process of spawning. It is known that these hormones,
efther directly or indirectly, stimulate the final maturation, hydra-
tion, ripening, ovulation and spermiation. There 1s some evidence that
the actual act of spawning, as opposed to ovulation and spermi{ation,
ia under the control of another set of hormones, vasotacin and iso-
tocin, that cause violent muscle contractions.

In the summer, fish have a lot of food available, they eat well and are
healthy. 1In the late summer and early fall, they put on an enormous
amount of fat. T frankly believe that this prematuration fattening is
critical to the later maturation of the gonads. These fish need a fat
depot in order to get full development during the winter.

In the male, spermatogenesis is Initiated in August or September. By
late autumn, it is very active. After a time, most of the sperm cells
in the testes convert to sperm and milt can be produced as early as
December or January, but I don't know if it is viable. The gonads are
in a rather quiescent state until spring when the water warms and
sperziation occurs. Eventually, perch have a very coplous milt.

Females start maturing at about the same time. Vitellogenesis occurs
actively throughout the entire winter. I have used gonadatrepins to
stimulate the release of eggs as early as December but they were not
fully developed. In the spring, in rapid succession, final maturation
of the eggs, hydration, ovulation and spawning take place. The entire
" period of spawning in a given lake is extremely short, lasting only a
week or two, and is surprisingly consistent from year to year.

During the period of inftial development of the gonads, temperatures
in the range of 16§-20°C are regquired. Decreasing photoperiod also
plays a part in this initial step, but temperature is the most impor-
tant factor. After about December, it doesn't matter what photoperiod
is maintained, but I would suggest duplicating the natural light con-
ditions through the winter, While photoperiod is not too important
during the winter, low temperatures are very important for this stage
of development. Dr. Hokanson will discuss this fact in his presenta-
tton, but it is Important to note that if brood stock are held at well
head temperatures of 10°-11°C through the winter, the eggs will be in
very peor condition when spawning occurs in the spring.

In Lake Mendota, we set our nets when the Ice goes out and get our
first green fish about April . Spawning peaks about one weck later.
On about April 9 we get our peak catch of females and on about April 21
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we normally gee our last green fisb- I have followed this cycle for
three successive years now and it 18 almost identical each year.

1 results of natural spawning of perch
in tanks. 1 compared the cumulative PeTcent of females that spawned
on two different photoperiods. The COPTYOl group was at the normal
spring photoperiod of about 13~1/2 heours and the experimental photo-
period was six hours, corresponding to a normal winter d.zy. Starting
in Pebruary, I gradually {ncreased the temperature to 10°. There is

a certain amount of fiuctuation, but the interesting point is that
{rrespective of the photoperiods, the flrst spawning in the laboratory
occurred almost the exact time as spawinlng started in the field. The
difierence was lese than a week. :

Figure 4 shows some experimenta

This suggests a number of things, including the notion of bilological
clocks and tigsue readiness. Regardless of the phdtoperiod and tem—
perature regime, captive females will spawn during the month of April.
These egges, however, won't be any good unless the fish has been under
-the proper conditions for maturation.

Methods have not been developed for manlpulating the perch's annual
teproductive cycle under controlled conditions, Tt may be indeed
possible, but {f ever such methods are developed, they will have to take
into consideration the fact that perch reproductive tissues are slov to
respond and may be preconditioned by prior reproductive history.
Elaborate environmental controls may be necessary to contrel tempera—
ture and photoperiod. Good long-term nutrition will be required,
eapecially in the {eémaleésn.

Wow [ will discuse procedures that have been developed for increasing
the predictabiiity of perch spawning and for artificially fertilizing
parch eggs.

-We performed an experiment in which we brought wild fish into the lab-
oratory as soon as the ice went out 1u Lake Mendota. Twelve females
and 24 males in the green condition were placed in a 200~gallon tank
snd subjected to a varlety of different photoperlods and temperatures,
The greastest amount and predictabllity of spawning were at a tempera-
- ture of 14°C and a natural photoperiod of 13-1/2 hours, If the photo-
period was excesasively long ov short, all the fish still spawned even~
tually, but over a longer period of time. If the fish are held at 5°C,
spavning will be delayed about a week, but it wil]l still occur. While
fish will mapawn, if forced to, at this temperature, they will not be
succennful, as the eggs will often water harden before being released,
killing the female, and the males won't fertilize the eggs at this
teaperature.

The point 1'd like to make on these tank spawning experiments is that
the females will drop thelr eggs but the males will not necessarily
fertilize them. [Kn fact, a female will drop her eggs without a male
present. This is an addi{tional reason for develuping methods for
artificially fertilizing the egps.

Figure 5 diagrams natural spawning fin perch. 1In nature, spawning is
contlnuous over a perlod of about two weeks, so there is relatively
little predictability. If these fish are to be spawned artificially,
the predictability must be increased so the eggs can be obtained
approximately when required.
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2 4 6 8 10 DAvS

Spawningin £+ 5 days
with carp pituitary
‘extract or HCG or
clomniphiphenecitrate ot 14°

Late in the spawning season fish (25)
spawn evenat low temperatures (s«

Figure 4.




Notural Release of Eags

Imfzrlonf Considerations for Artificial” Methods

% Stre o
< TCve

L= 3 -]
fertiazen

Ist H-Y¥s expelled rarier capidly

End of ribbon comes out more sbwiy, last
sevemal inctes rexined in ouary.

Helcase takes seveml minutes hhwts, dependfnj
on temperarure, Swimming speed, whether
cibbon coenes on obstactes v waner:

Tesult is well-sTRercken ribbon urHouT

r\oadhsx\‘l_ AFier Had rﬁm

S o,

Figure 5.




Hormones and drugs have been used for this in aquaculture for wmany

years and Figure 6 summarizes some of our experimental results. The
bottom graph shows the spawning pattern of fish injected with a saline
solution. Spawning was spread out over seven days. The top graph

shows how carp pituitary extract makes all the fish spawn on the same
day. Human Chorionic Gonadatropin had a very similar effect. Clomicin
citrate, a drug which stimulates the pituitary to secrete its own gonada-
tropin, didn't work quite as well in fmproving the predictability of
spawning.

It was long thought that perch spawn at night. Actually, perch usually
spawn first thing in the morning. If injections are given on two suc~
cessive afternoons, the fish will spawn the next day. About B80 percent
will spawn in the merning, so not only can hormones be used to predict
the day these fish will spawn but alsc the time of day.

When the female spawns, she is swimming and the ribbon starts to come
cut and unfold like a very long concertina. The drag caused by the
movement of the fish causes the ribbon to stretch. The first quarter
or third of this ribbon is expelled rather explosively and the rest
comes out more slowly. The last several inches is sometimes retained
by the female. Release of the entire egg ribbon takes several minutes
to hours depending on swimming speed, temperature and whether or not
the ribbon catches on an obstruction to aid in its removal. With no
obstructions present in 14-15° water, the entire egg ribbon will be ex-
pelled in two to three minutes, but in 5° water it takes hours or even
days for the female to rid herself of the egg mass.

As the female is expelling the egg ribbon, a pod of from twoe to Ffive
males follow to fertilize it. The males lay down a path of milt along-
side the female and she drags the egg mass through this cloud.

Because of the accordion-like nature of the egg mass, it is important
that it be mechanically stretched so sperm can reach the inside folds.
Even if the entire masg is fertilized, the eggs will die if the ribbon
folds back, robbing them of oxygen. This stretching normally takes
place in nature, but if the fish is confined to a small tank where it
can't swim as well and nothing is present to catch the ribbon, it won't
be mechanically stretched.

Because of this unique egg mass and necessity to keep it stretched,
perch egg culture presents some incubation problems not encountered
with other fish.

Figure 7 summarizes our results in natural spawning of perch in tanks.
I would like to emphasize here that no substrate or males are necessary
for perch to drop their eggs. I looked at 80 females spawied during
two seasons and got 41.8 percent fertility by natural fertilization.
This was in 180-gallon tanks with 10 to 15 females and 20 to 30 males.
Fifry-seven of the 80 ribbons showed fertility and of these, 58.6 per-
cent of the eggs were fertile., In another experiment, I used a 45~
pallon tank with one female and three males. Out of 40 ribbons, I got
70 percent fertility and 85 percent fertility of fertilized ribbons.
This 85 percent figure agrees well with some of the old literature in
fish culture. Next 1'll discuss how this can be improved upon.
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Artificial spawning is the mechanical stripping of the eggs from the
female and milt from the male, wixing the two and culturing the eggs.
Hormones help increase the predictability, and close observation is
necessary. A fish canpot be stripped before she is ripe. It takes
experience to develop the skill required to perform this operation.

Trout and walleye eggs are normally fertilized by the dry method.

Sperm and egge of fish are deactivated very quickly by exposure to

fresh water. Sperm loses its capacity to penetrate the egg 30-60 seconds
afcer contacting water and eggs begin to wWater harden lmmediately so
that they cannot be fertilized after 8 few minutes in water. In the
dry method, the eggs and milt are stripped into a dry container, mixed
thoroughly and then water is added to activate the sperm and permit

fqrtiliz;tion.

Perch eggs are difficult to fertilize by this method because the nature
of the ribbon makes mixing difficult; the ribbon doesn't get stretched
and the sperm glutenates like cooked egy whites. In a sample of 30
fish, I got 80 percent fertility using the dry method.

An older technique of artificial spawning 1s the wet method in which
the eggs are stripped, water is added immediately and the milt poured
in and mixed a&s quickly as possible. I tried this with 51 ffsh and got
83 percent fertility, which is very close to the results obtained by
the dry mathod. To exsmine the importance of the time factor, I tried
adding the water and waiting one minute before adding the miit. I got
the same level of fertility but a tremendous increase in the number of
deformities in the developing larvae. If five minutes elapse before
adding the milt, fertility drops to 15-16 percent and nearly all larvae
that survive are deformed. In practice, the fish culturist has enough
time to add the milt if he is well organized.

Carp have very glutinous eggs and to facilitate fertilization, a vari-
oty of solutions has been used instead of fresh water. These solu-
tions, usually containing tannic acids or salines, have two basic
functions. First, they tend to cut the mucous that covers the eggs to
facilitate sperm penetration. Secondly, sperm life is increased and
vater hardening ia decreased slightly in saline solutions. As this
has been used for quite aome time in carp culture, 1 tried a solution
of .5 percent sodium chloride oo perch. When ! used the wet method
with this saline sclution, I got 97 percent fertility. I only had

the chance to do this with eight to 10 fish so it needs to be repii-
cated, but I think 1t can be improved so it will be feasible to In-
craase the success of fertility by the artificial method to very near
100 percent.



QUESTIONS AND ANSWERS

Do you use amy fungieide treatment on the egae’

Kayes: 1f you are using some type of incubator rather than a pond to
incubate eggs, it is definitely requived, especially when the incubator
is loaded heavy. When culturing eggs in Heath Technicabinets, we pour
in 30-40 al of formalin periodicaliy. The flow through the incubator
ig great enough so this treatment doesn't seem to hurt the eggs, and
it keeps the fungus dowm.

Do you treat the brood stock after handling them te cut dowm on fungue
problems?

Kayes: This is rarely necessary because the whole sequence of events
is of rather short duration. 1 rarely handle a fish more than twice
in the spawning process.

Do you have a procedure by which you can accurately determine the
spaming date of all your females?

Kayes: Most of the work that I have done has been experimental and
rot for production purposes, ao I don't have a set formula for in-
jecting fish on a large =zcale.

Is hypothesization a good method for perch?

Kayes: 1t is used very routinely with many kinds of fish. The prob-
lew is that some fish have a great deal of species specificity to a
particular hormone. Most of these hormones are proteins se within
different specles they may be interchangeable, but at the biochemical
level they differ somewhat. A good example of this 1s that bluegills,
bass and similar fish do not respond to mammalian horwmones. You can
buy mammalian hormones on the market but you can't generally buy fiah
hormones, so you have to collect your own pituitary glands from the
‘ppecies in question, You can buy acetone extracts of carp pituitary
material from twe or three different sources in the country. Some of
them aren’'t very good, however.

What is the incubation time and is it temperature dependent?

Kayes: The incubation period is about 10 days and it is influenced
by temperature—but not as much as you might think. There are ideal
conditions for incubating the eggs and under these conditions they
will hatch in about 10 days.

How well do the fish spawm naturally in indoor tanks?
Hayes: Our success in this has been variable. Sometimes the males will

fertilize the eggs and sometimes they wou't. 1It's easy to determine
whether male perch are capable of spawning as they put out more milt



relative to their bedy size than most fish and it flows freely during
handling. The question is, then, why don't they fertilize the eggs?
The answer is often bright 1lights, loud or abrupt noises or other
disturbing influences.

Do you think spawming would be more efficient given taree males per
female rather than only two?

Kayes: We don't have any data on that buc I think it’s something
that really needs to be looked at, especially for pond raising. Most
fish culturists use more males than femzles but I'm not aware of any
real data chat suggest the ideal ratio for perch,

Does using the .5 percent saline solution Lengthen.thc period during
which the eggs can be fertilized?

Kayes: I haven’t had the opportunity to check that out.

Do you try to do it immediately?

Kayee: 1t ig always best to do it as quickly as possible, within
about 20 seconds. That's realiy quite a lot of time and it shouldm't
present any problems.

But you wouldn't recommend adding the saline solution at exactly the
same time as you put the milt in?

Kayes: T don't think that it would give you any advantage but T can't
be sure about that.

By controlling climate, can you get perch to spawm in December, or
different months of the year under lab conditions?

Xayes: We've done some work on that but there are a lot of logistical
problems. The tissues are very slow to respond, so experimentally the
whole cycle hasn't been put together and shown that it can be done.
This would be a very elaborate experiment. I have worked with various
segnents of the reproductive cycle and shown that certain kinds of tem-
peratures and photoperiods are important. But to get a spawning fish
through the entire reproductive cycle under controlled conditions
hasn't been done yet. Perch do spawn at slightly different times of
the year depending upon where they are in the world and they are a
wildely dispersed species. There is a European species very closely
related to ours and they have been introduced to Australia. There is
a real reason to think that the first reproductive cycle a fish goes
through keys it in on the annual cycle of where it is at that time.

My point i8 that the finished product is all guing to be comimg off
at the same time.



rryca: Not necessarily. Once you get the perch fingerlings, you can
hold them at lower temperatures for the duration that you need. As to
how leng vou can hold fish back without creating problems 1s not
really known. We have held perch fingerlings for nonths and months

at low temperatures and they didn't grow, so it would be feasible to
keep them at reduced temperatures and grow them out whenever you want.

£

To you inject the males as well as the femules?

}’ﬂygs_- No, 1 don't.

Do the males waturally get ready from the femzlos! boehaior?

Kayes: The males always have plenty of milt at this time of the year.
There is never a problem in males being able to spawn. Behavioral par-
ticipation of the female is required.

So you ncver have any problem getting them synchronized?

Kayes: No. When we have gotten good natural fertilization in tanks
there has not been a problem of synchronization. I might also indicate
here that fresh males generally give far better fertility than those
that have spawned several times in the same season.

low many eggs dees a perch produce?

Kayes: 1t depends upon the size of the fish and her nutvitional his-
tory. A 1/2-pound fish will put out from 25,000 to 50,000 eggs.

Do you see any pessibility of holding fertilized eggs tin dormancy wver
a pericd of time?

Kayes: 1 think it is possible from a theoretical point of view but
I'm not sure it would have any practical application. We are working
on ways of preserving sperm, which is much easier than preserving
eges.

In determining percentage of fertilization, do you make an actual
count?

Kayes: Yes, but at what stage of developmant the count is made is
rather arbitrary. One hundred percent fertility does not mean 100

percent hatch or 100 percent larval survival or 100 percent fingerling
survival,

What 18 the life span of a wild pereh living in a lake?

ayes: 1 don't kmow. If you consider the survival of all the fish
that hatch, } doubt if the average would be a year—it would probably
be just a few months. 1If they can survive predation, they may live
six to seven vears, but this is certalinly not average.



Does holding fish at reduced temperatures result in any retarding of
the future growth rate?

Kayes: Wot as far as we can tell.

Do you have any indication that the geeond or third gemeration [Lsh
would have higher viability and growth rates?

Kayes: No, We haven't got third generation fish.

How do you separate the gelatinous mass from the larvae when they
hateh?

Kayes: This is very difficult. The most practical procedure is to
remove the ribbons from the incubator before they start hatching.
The fry can't be fed indoors anyway so the best time to take them to
the ponds is just before they start to hatch. They start getting
hard to handle on the fifch or sixth day.

Where do you get your brood stock?

Kayes: We catch them in Lake Mendota. We have obtained some from
the National Fish Hatchery at Lake Mills.

Where can you buy brood stock?

Kayes: There are very few people in the Midwest selling perch. 1
don't know of any source right now.

At vhat temperature do the fich spawm in the lake?

Kayes: We get our best harvest of adult fish when the lake is 8 or 9°.
When we get the fish back to the lab, we ice down our tanks to this
temperature and let it rise gradually to well head temperature which
is about 12°,

Do you have any figures om the number of fingevlings harvested in
relation to the number of [ry stocked?

Kayes: Last spring was our first real experience with this and we
didn't know how many fingerlings we could produce so we stocked about
500,000 eggs In our 1/3 acre of ponds. Only about 1/} of those eggs
were fertile. We harvested between 20,000 and 25,000 fingerlings.

T doen't understand the relationship between the outdoor and indoor
phases of production.

Kayes: We don't have the technology to raise fingerlings indoors so
we do it in ponds. We cam raise a relatively large number of finger—
l1ings in a small acreage of ponds. Obviously we can't grow them to



market size iw that same acreage. That is where the indoor grow-out
units come 1in.

Can you place the epge in the ponds immediately following fertiliza-
tion?

Kawyes: Yes. That's up to the fish culturist and how much time he
has. At any rate, it should be in the first seven days or so fol-
lowing fertilization. Tt takes 10-11 days from time of fertility to
time of hatch. 'Two to three days before they hatch they become very
difficult to manage.

You said you fertilize the ponds. What do pyou mean by that?

Xayes: The ponds can be fertilized with commercial fertilizer or
organic fertilizer. We use alfalfa pellets to increase the plankton
development. You have to have the pond ready before you put the eggs
in.



OPTIMUM CULTURE REQUIREMENTS OF THE EARLY LITE PHASES oF
THE YELILOW PERCH

Kenneth E.F. Hokanson
Environmental Protection Agency
Fcological Research Station
Monticello, Minnesota

My presentation will summarize two major activities in our labora-
tory. The firat set of experiments deternined the temperature re-
quirements of the different phases of the yellow perch's cycle.
Secondly, we tried to optimize the culture reguirements through the
life cycle. The purpose of this type of research is to evaluate
candidate test species For bioassays to test the impact of toxic
agubstances on the life cycle. This objective is quite different from
that of the aquaculturist who is trying tc optimize the yield per unit
cost of the product. OQur objective is basically to optimize the sur-
vival and rearing techniques of relatively small numbers of animals.

This paper will describe the temperature requirements of the different
phases in the early life cycle of the yvellow perch, our experience 1n
the culture of larval yellow perch and some insight on the requirements
for growth and survival of juvenile perch.

Development of the perch begins with the cleavage embryo. This is
the period when the germ cells are beginning to divide to become a
eulticelled stage. As the embryo develops, a strip of tissue can
be seen that forms a curled band around the yolk sac. The yolk sac
provides endogenous nutrition to the larva before it begins to feed.
Later larval forms are the pelagic and dimercel stages. The juvenile
rvesembles the adult except for its maturation and reproductive
functions.

Reproduction involves a complex sequence of events starting with matu-
ration and leading to spawning migrations. The spawning act itself in-
volves a deposition of viable gametes, the embryc and larval develop-
ment and the commencement of independent feeding, which is the real
bottleneck in the culture of this species.

The important things to review from Mr. Kayes' talk that have rele-
vapcy to the serles of experiments that 1 will describe are, first of
all, that there is a fattening period, or refractory period, follow-
ing spawning in the summer months. This is the period in which the
remaining residual ova undergo resorption and the new gern cells nul-
tiply to make the new complement of ova for the next spawning season.
This perilod lasts roughly from June through August, at which time the
ova begin to grow in size. The second important point to recall from
Mr. Kayes® presentation is that the principal gomadal growth phuse,
particularly in the female, occurs during the winter months when body
growth is minimal.

In the first vear of our experiments at the Water Qual ity Laboratory
in Duluth, we held brood stock at variocus temperatures, including the
natural Lake Superior temperature regime. These fish were introduced
into experimental spawning tanks and they spawned very well, particu-
larly those that had experienced a natural tepperature c¢ycle. Fish



that had been expesed to experimental temperatures greater than 20°C
did nor spawn at all,

The second year of experimentation, we started earlier so that the

fish were in the experimental tanks when the eggs started tao grow.

Again we controlled the temperatures and the only fish that spawned
were those that had been exposed to the coldest temperature.

This led us to a final series of experiments where we wanted to expose
the adult perch to a series of low constant temperatures, which we re-
fer to as the chill temperature, for different durations. At the end
of the chill period we increased the temperature at a rate of 2°C per
week, similar to the natural rise in temperatures in Lake Mendota,
which we were trying to simulate, This gave us 16 different types of
temperature regimes, some of which were accelerated above the natural
cycle and some which were slower than the natural cycle.

Figure 1 shows the experimental results of these last experiments.

The graph shows the proportion of females that spawned plotted against
the chill temperatures and the chill duration. We feel that success-
ful apawning really measures successful maturation. Chill tempera-
tureg no higher than 6°C are required for 100 percent spawning parti-
cipation. The chill duration needed to be at least 185 days from
October 3. When we accelerated the temperature too soon, fewer and
fewer females ripened and matured by the time natural spawning temper-
atures were available. The experiment ended when experipental tewmper-
atures reached 20°C because we couldn't keep the fish alive due to
columarie and we already knew fromw previous experiments that viable
eggs could not be produced at this temperature.

Since these fish had freedom to select their owm temperatures to spawn,
we measured the temperature at the time the egg masses were found in
the experimental tanks. We found that the fish on the accelerated
cycles spawned a little sooner than the controls. We obtained spawn
as early as March and as late as late June in the overall treatments,
Figure 2 shows the chill durarion and temperature plotted against the
temperature at which the fish spawned.

Over 80 percent of these fish spawned at the temperatures that are nor-
mally observed on the spawning grounds in late April through May when
this stock of fish spawns mnaturally. The tiwme of spawning can be ad-
vanced or delayed slightly but then the fish are spawning when the
water is either warmer or colder than the normal spawning temperature.

There are natural perch stocks in southern latitudes that spawn as early
as late February and northern fish that slawn in early July., I feel
that the adaptation of the adult reproductive cycle is probably occur-
ring at the time of first maturicty. This needs experimental verifica-
ticn but manipulation of a given adult cyele is very difficulre.

Additional insight on temperature manipulation was gained in our experi-
mental work with northern pike. We raised pilke over the winter at am-
bient lake temperature and at 20°C. When we sacrificed these animals in
the spring, the plke held at normal temperatures were small, but they
had very large ova. The fish held in warm water were much larger, but
had very small ova. What happened is that at high temperatures, we re-
tarded the rate of development of the ova. The males held at normal
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temperatures matured as expected, but those held at elevated temper-
atures had very large testes in various stages of resorption.

it appears that there are different rates of development in the male
and female cycle. When the temperature is too high, the cycle gets
out of synchrony.

After obtaining the egg ribbons from these fish we measured the via-
bility by taking a subsample, incubating it and counting the embryos
when development became visually apparent. We found that we got max-
imum egg viability at 8°-11°C with reduction increasing as the tewm-
perature extremes of 4° and 18-19° were approached.

Figure 3 shows the results of some work done at the University of
Minnesota on the walleye.

They held adult walleves at six different temperatures prior to fer-
tilizing the ova. Then they locubated subsamples of each batch of
fertilized eggs at different temperatures and finally measured the
percentage hatched as a function of incubation temperature. We see
that the tolerance ranges from 4° to 20° for walleye, but the real
effect of the holding temperature on the adult is to lower the maxi-
mum percentage of fertility of the ova. The higher the temperature,
the lower the proportion of eggs that are fertile. The percentage
hatch is a function of the acclimatlzation temperature of the adults
as wel)l as the incubation temperature of the eggs.

The implicstions for fish culture are that with modest temperature
control, the adults can be preconditicned. We suggest that tempera-
ture affects the production of the specific gonadatropin that is in-
volved in the ovulation and the ripening of eggs. It is possible that
temperature control could be used in lieu of hormone injection for
control of ovulation in fish culture work.

We designed our second group of experiments to examine the tempera-
ture requirements of the embryo and early larval stages of perch.
First we simply exposed the eggs to constant temperatures right af-
ter fertilization. We knew that the temperature requirements changed
wvith the state of development and we wanted to start with the embryo.
Secondly, we reared the advanced embryo and exposed this life stage
to a series of constant temperatures. In the third series of experi-
ments, we started the larvae at 5°-10°C and exposed them to rising
temperatures at different rates of increase. Figure 4 shows the
results of these experiments. '

Graph A shows the results of incubation at constant temperatures.
There is a relatively narrow band of survival to the pelagic stage.
Graph B summarizes the resulta of exposure of test temperatures to a
more advanced stage of development. Note that the tolerance range

for the hatchability of the larvae exposed continuously is about 7° Lo
20°C. However, when they are exposed at a more advanced stage, they
can tolerate a much higher temperature range up to about 23°C.

These experiments of rising temperatures showed that the best hatch-
ability was obtainedwhen the hatching period was the shortest. It is
important that the larvae escape from the egg mass as quickly as pos-
sible to minimize mortality from physical and mechanical problems
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associated with hatching. Our best resulis were cbtained with fertili-
zation at 10° and increasing the temperature at one degree per day so
that hatching took place at 20°-24°, The best rearing condition is the
rising temperature sequence which optimizes the requirements of the
different stages of development from early embryo tc late embryo to the
larval stages. .

Figure 5 summarizes the time spans of some of the different stages of
development of yellow perch, This graph plots the time in days against
the mean temperature during incubation. The dashed line represents the
time of hatch. The lower curve, labeled 1, represents the time it takes
to get to the beginning of the formation of the embryo, referred to as
the formation of the neural keel. Curve 2 is the start of the heart-
beat and curve 3 is when the eyes are totally black., When the mouth

and opercular movements are synchronized in a regular breathing

fashion, hatching will occur very shortly. ‘

Curve 6 vepresents the time when the newly hatched larvae begin to

swim up. At this time, swimming is very labored until the larvae

reach the surface and f1l11 their swim bladders. After they have taken
on air, they become free swimming and begin to feed. Ome of the signi-
ficant findings of our work in regard to cultural applications was

that the larvae begin feeding as soon as they are free swimming rather
than after the yolk sac 1s absorbed, as is commonly suspected.

Curve 7 represents the median time it takes an unfed larva to starve

to death. A critical period in development is the two days or so

after the larvae become free swimming, in which they are capable of
capturing prey. It 1s {n this period of between 1/2 day to two days that
most of our mistakes in culture are made.

Qur work on the culture of larval yellow perch under laboratory con-—
ditions began in 1968 when we were looking for candidate test specles
for chronic toxicity tests. The early experiments involved the mass
culture of eggs in six—foot diameter circular tanks and feeding the
larvae with brine shrimp. There are at least two kinds of brinme shrimp,
San Francisco stock and a Utah strain, one of which is larger than the
other. We tried both forms and our survival was less than 5 percent
with this fcod scurce.

At about that time, our laboratory began investigating the first foods
of larval fish and found that the perch start feeding on copepod napulii,
or similar forma such as cyclops, very large rotifers such as poly-
arthra and a very few clodocera of that givea aize range. In other
words, they have very specific feeding habits. They need live zoo-
plankton of a certain size and abundance.

Armed with this information and our knowledge of the temperature re-
quirementa, we get up a preliminary test in an aquarium. We stocked

50 larvae, set up &n optimum temperature regime and gave them a surplus
of ifve zooplankton. After a month, we had about 80 percent survival,
which is very good for the culture of percids in general. We found
that the best condition involved almost continuous light, presumably
because this prolonged the feeding period.

With this preliminary success, our group started tc design a series of
experiments that would optimize the conditions for rearing perch under
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continuous flow, because our chronic toxicity tests involve a continuous
flow apparatus. Some of the general conclusions from this work were
that better survival was obtained with slower water exchange rates, and
survival was better in dark tanks than those with light backgrounds.
This is probably related to improved perception of prey against a dark
background. We generally found that at least 250 zooplankton organisms
per larva per day were required to obtain a survival of at least 50
percent. At this time, fish have the highest metabolic¢ rate per unit
body weight and they have a relatively rapid turnover time of food.
When these fish start feeding, they may be gaining 20 percent or more of
their body weight per day and the turnover time of food in their gut is
probably less than one hour.

Not only do we need adequate quantities of food but we need to feed
frequently. Many of our cultural mistakes are made in getting the

right quantity of food of the right size at the right time to these
fish. This is where the observation of the turnover time of water in

the tank comes In. The faster the water flows, the faster food organisms
are flushed out of the rearing tank and food density is reduced.

I would suggesat that for future work on larval feeding, smaller strains
of brine shrimp should be investigated.

Probably the only practical way to produce large numbers of fingerlings
ia Iin ponds. The state of Minnesota has been doing this for years in
their walleye program and the same principles would apply to perch cul-
ture. It is very important that eggs be placed in the ponds before they
hatch as the larvae are extremely sensitive -to any handling, even in a
bucket.

We found that after about three weeks on zooplankton the juveniles could
be converted to dry feed.

Another important cobservation we made is that year—class strength of
percids in general is enhanced by increasing temperatures. 1In general,
atronger year classes are produced in warmer years than in colder years,
as illustrated in Figure 6.

We can gssume that survival is dependent upon growth, particularly in the
larval stages. CGrowth is really the net effect of the environment on
several activities: the consumption rate, metabolism and activities of the
animal. Temperature affects the distribution rate of the assimilated
foodstuffa. For instance, when food ie unlimited, maximum growth poten-
tial 18 within a particular temperature range. By lowering food avail-
ability the range for growth is much more restricted. Optimum tempera-
tures for growth must be evaluated in respect to food availability.

Figure 7 summarizes some of the other work that was done at our lab on
the effects of temperature on the growth and survival of juvenile perch.
Juvenile perch were simply exposed to different test temperatures and
ther the temperature was increased at a rate of about 1°C per day. 1It's
interesting that the maximum temperature perch could tolerate was about
33°C (91°F). The optimum temperature is quite near the lethal limit
when food is available in excess. Note alsc that the mortality rate in-
creases very sharply as the optiwum temperature for growth is exceeded.
The cultural application to all this 1s that if feed is in short supply,
survival will be increased by holding the temperatures somewhat below
the optimum for growth.
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Figure 7.

From: Temperature Effects on Young Yellow Perch Perca flavescens
(Mitchill) J. Howard McCormick Environmental Research Laboratory,
Duluth, MN 55804, USEPA Ecologlcal Research Series, EPA-600/
3-76-057, May 1976, p. 7.



Figure 8 displays a generallzed pattern of the effects of temperature
on the mortality and growth rate of fish.

There is an optimum point for growth of the fish biomass and a popula-
tion maintenance level where growth rate and death rate become equal.

In the case of the yellow perch, the lower limit for growth is about 6°C
and the upper limit is about 31°C. Above 31°, perch will still grow, as
shown in Figure 7, but there will be a high incidence of spinal deform-
ities and high mortality.

The fellowing chart summarizes my presentation, showing the optimal
and allowable temperature ranges for each life stage we've worked with,
I've purposelyput the temperatures in degrees Fahrenheit to make the
chart more useful to practical fish culturists,

The most important observation here is the need for warm temperatures
when the fry swim up. The embryo does fine in cold water but when
they hatch, a rising temperature regime must be available. The larvae
will perish if the temperature is below 58°F when it comes time to
start feeding. The manifestation of this is that a cold peried in
spring can cause a complete reproductive failure in perch.

Yellow Perch Temperature dequirements

Temperature (F)

Life Stage Optimpum Tolerance Range
Maturation 39-43 £ 52
Spawning 46-52 37-66
Cleavage Embryc 46~54 39-70
Embryo 54-61 45-73
Fertilization to Hatch | 50-68 44-68
Hatch to Swim-up 68-75 37-82
Feeding Larvae (68-75)8:b  50-(86)2
Juvenile - Survival 75-82 32-92

Growth (Excess Food) 75-82b 43-88">
a)

Denotes best estimate based on culture experience.

b) Results obtained on excess ration., Restricted rations or mass

culture situations will result in a lower growth optimum tempera-
ture and upper growth limit which will be dependent on feeding
regime.
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Figure 8,
Reprinted by permisesion.

From: "Temperature requirements of Some Percids and Adaptations to
the Seasonal Temperature Cycle,” by Kenneth E.F. Hokanson in
Journal of the Fisheries Research Board of Camada. Volume 34,
Number 10, 1977, p. 1534.




Figure 9 illustrates the limits of the natural temperature regimes
that are known to support the production of self-sustaining popula-
tions of yellow perch. The top line represents the warmest lake
known to support perch and the bottom line, the coldest lake. The
shaded box shows the extreme dates and temperatures in which yellow
perch are known to spawn viable eggs.

These animals are really adapted to temperatures that favor repro-
duction at one extreme and growth at the other. This temperature
regime optimizes requirements for all stages in the life cycle, not
only for the brood stock but for the growth and production of the
young, as well.

1 would like to close my talk with a few comments on the culture of
yellow perch. We had a hard time incubating large numbers of eggs.
Work dome at the University of Wisconsin has shown that mass culture
of eggs is possible but the egg strand has to be spread out so the
embryos obtain enough oxygen during development.

Whenever temperature control is employed, the total gas pressure must
be kept in mind. As water is heated it becomes supersaturated, so
facility design must incorporate aeration after heating to equilibrate
the water prior to use in fish culture. Temperature control will be
important in perch culture to optimize fertility of eggs and acceler-
ate or delay the development of embryos so they hatch when pond con-
ditions are most favorable.

Finally, 1'd like to make a comment on heat sources. There has been a
lot of talk about the beneficial uses of waste heat, particularly from
electric generating facilities. There are some fish culture operaticas
going on today using waste heat to accelerate fish growth. Our local
utility in the Twin Cities has a demonstratiom project to utilize
wvaste heat to heat a greenhouse. They feel that in ten years they will
be able to produce enough vegetables to supply the entire metropolitan
area by this method. I think that in 10-20 years we will be burning
coal to generate usable heat and power at the same time, and aquacul-
ture is an attractive use for the heat produced.
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Figure 9,

Heprinted by permission.

From: '“Temperature Requirements of Some Percids and Adaptations to the
Seagonal Temperature Cycle,' by Kenneth E.F. Hokanson in Journal
of the Fisheries Reaearch Board of Canada. Volume 34, Number 10,
1977, p. 1%42.
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QUESTIONS AND ANSWERS

How would you evaluate pond culture versus laboratory culture in
relation tc stress?

Hpkarnson: To maximize growth, temperature must be optimlized, and as

the temperature approaches this optimum, focd consumption must in-
crease. If the food is not acceptable or nutritionally deficient, the
fish will be under environmental stress. An example of this is the
wvhite crappie. This fish does better in the laboratory on frozen brine
shrimp than on trout pellets because the natural feed is more acceptable
even though it is putritionally inferior to the trout feed.

Light is another important stress factor. With the culture of the white
sucker, for instance, growth and survival were enhanced simply by lower-
ing the light intensity. Sudden shocks of light in the laboratory are
also harmful, so it is important to have a dimmer switch on the lights.

Daily metabolic rate should also be reduced as low as possible. We found
that cyclic temperatures can optimize growth rate with a lowering

in wean daily temperature. Presumably this is because the daily meta-
bolic rate is reduced. These fish should be protected from all un-
necessary activity, and cycling the temperature can help accomplish
this while reducing heating costs.

We have some experimental evidence that a natural substrate improves
culture of some aquatic animals.

Would you suggest some lights around the pond to lengthen the feeding
period?

Hokanson: This might increase production, especially with larval perch,
becavse if they go all night without feeding, they are starving to death
by morning. After about three weeks I doubt that additional photo-
period would be of any benefit.

Are the zooplankton you spoke of avatlable or can they be cultured?

Hokanaon: One of the biggest problems in the mass culture of larval

fish is getting adequate quantities of the proper feed. 1I1f we could

find a small enough strain of brine shrimp to grow perch on, it would
be a big help in laboratory culture. I believe the only way to cul-

ture enough plankton for mass larval culture is in a pond.

Kayes: There isn't so much wrong with pond culture as most of you
night think. 1It's been practiced for hundreds and hundreds of years

in Europe and China and it's really a rather sophisticated type of
operation. A pond can be managed as any other type of agriculture with
proper nutrients and management,

Hokangon: 1 think that where the laboratery is most useful is in con-
trolling the timing and development of the embryo sc the egg mass is
ready to be stocked when conditions in the pond are most favorable.



It seems to me that the optimum temperature for the fry to start feed-
ing te probably going to be higher than the actual pond temperature at
that time of year. '

Hokanson:  That is most likely the case. I think we must try to hold
back spawning and egg development until the weather is likely to be
better for larval survival. The biggest problem in natural pepulations
of perch is cold periods coinclding with first feeding of the fry.

Is food production the problem asscciated with this temperature limita-
tion?

Hokanaon: ODur work indicates that the requirement of the larvae is
independent of food availability, but foed production is also limited
by temperature. Below L5°C there won't be any appreciable feeding ac-—
tivity regardless of food avallabiliry.

What would you say the temperature of the ponds would be at that time?

Hokanson: 1 would think, generally, between 50°-68°F. The warmer the
better,

Kayes: 1f fingerling production was in conjunction with a growout unit,
warm water from the production facility could be used to warm the fry
ponds.

Hokanson: You are dealing with a serles of probabilities in getting
survival through all the larval stages toc a juvenile fish. I think we
can account for 90 percent mortality due to the temperature factors
alone.

Do you think solar collectors could be used to heat these ponds?

Hokanson: 1 think it would be more practical to hold back the eggs
until the ponds warmed naturally.

Hemry: 1 have an observation to make on flooding the ponds. It seems
to work best to fill the pond 7-10 days before the hatched fry will
need food. If the pond i8 flooded for teo long, the crop of zooplank-
ton existing when the fry start to feed won't be as good.



INTENSIVE CULTURE OF YELLOW PERCH (Perca flavescens)

Graden R. West
U.8S. Fish and Wildlife Service
Lake Mills National Fish Hatchery
Lake Mills, Wiscomsin 53551

Abstract

Yellow perch (Perca flavescens) averaging 13.6 gram and 108 mm for
males and 38.6 gm and 157.5 mm for females were held in a metal stock
tank containing 912 liters (32.2 cu. ft.) of water for spawning pur-
poses in late April and early May of 1975,

Synthetic spawning mats and a small section of wire fencing were placed
in the tank. The mats were removed later during spawning as they only
caused entanglement of the egg envelopea, making it difficult to re-
move them for incubation.

Three females were sacrificed for egg enumeration with 113.4 eggs per
gram found to be the average. This amounted to an average of 4,377 eggs
for each of 46 spawns collected naturally from the remaining 47 females.
They were incubated in troughs on trout hatching trays and in a Heath
incubator.

At or near hatching eggs and fry were placed on floating screened trays
fn a 0.2 hectare (0.5A) pond for hatching and rearing. From an esti-
mated 102,860 fertile eggs and fry stocked in this pond, 35,880 finger—
1ings were harvested for a return of 35 percent. Fart of these fimger-
1lings were held and fed dry feed. They grew from .38 gram each to 1.36
gram with a survival of 318 percent to distribution.

Observations on characteristics of culture and life history are in-
cluded.

Introduction

Yellow perch are raised by this station for use by various agencies.
Most fish go to the Fish Control Laboratory at La Crosse, Wisconsin
for toxicological investigationms.

Each spring a 0.4 ha pond is allocated for perch spawning and is gener-
ally tied up for most of the production season with that species. If
perch could be raised by intensive culture methods, a pond would be free
for forage or game fish production.

We fell into this procedure by chance in the spring of 1973 when small
perch averaging 20 gm aplece spawned in a holding tank.’ These eggs
were Iincubated to near hatching when some were stocked in our regular
spawning pond and others were sent to the La Crosmse labhoratory.

To gather more information and attempt a repeat performance the process
was undertaken again in the spring of 1975.



Methods and Procedures

one-hundred fifty adult yellow perch were acquired by angling through
the ice from Rock Lake, which is the hatchery's source of pond water.
They were held in an indoor concrete tank for approximately two months
vefore being stocked into a metal stock tamk February 26. The only
food offered them was no. 4 trout granules {1.68-2.83mm) and this was
terminated April 6.

The fish were very skittish and feeding was not observed although it
may have occurred., The tank was partially covered with black plastic
to shield them from human activity. This was removed after a few weeks
and prior to spawning in hopes they would adjust to people working in
their vicinity. Tank dimensions were .89 x 2.29m and was held to L46m
vater depth giving 912 liters of space. Inflow was from Rock Lake at
12.5 liters per minute,

On March 6 the fish were sorted by sex, weighed, measured and given a
prophylactic 3 percent salt dip. Fifty of the smallest females less
than 140mm were removed April 4 leaving 50 males and 50 females. The
tank was partially drained and cleaned several times through the period
the fish were held, including the spawning period.

A few mortalities were experienced with heavily fungused fish, generally
females after spawning. No treatments were conducted on brood fish ex-
cept the previousiy mentioned salt dip. The fish were probably weakened
from the extended period without food. 1'm assuming no granules were
eaten. Two black synthetic mats with a total area of 1.5 sq. meters
were placed on the tank bottom on April 4 as a spawning substrate. A
small section of fencing with mesh of approximately 150mm was placed

in the tank, more or less in a roll, to provide midwater attachment for
egg envelopes. Perch utilize such structures in our outside ponds. We
place fencing and branches around the pond edge. Eggs are often draped
on and laced through such structures.

Upon discovery of egg envelopes, they were transferred to elther trays
{n trout hatching troughs or to a heath incubator. City water was used
with a flow of 4.5-9.5 liters per minute through the heath and 6.1
liters per minute through the troughs. Constant flow formalin treat-
pents at 166-200 ppm for one hour were occasionally used to combat fun-
gus fnfections. Partway through the spawning period the mats were re-
moved from the tank.

Temperatures were taken each day near noon. This was assumed to be an
average between the cool early morning temperatures and the high tem-
perature in the midafternoon.

Water from Rock Lake was introduced into the 0.2 hectare rearing pond,
Dy, on April 10. Unfortunately, due to a pipeline breakage, the pond
was only partially filled at that time to an average depth of around
0.3 metera. It remained at this level for several weeks until the
line was repaired. '

When hatching began on the oldest eggs,they were transferred to D, on
anchored, floating screens with a mesh size large enough to allow newly



hatched fry to settle through. Fry are about 6 mm in length. For a
week thereafter the remaining eggs were stocked similarly as they be-—
gan to hatch. Three females vere sacrificed to determine ovary egg
counts. The smallest female was excluded from determining the aver-
age, since she was below the minimum size of females after the 50
smallest were removed. The ovaries were weighed and the eggs, in a
fraction of that weight, were counted. That number was expanded to
estimate total eggs per ovary.

The number of spawns stocked was used to estimate stocking rate of
pond Djp.

An estimated 230 kilograms of hay were added to the pond. This was
the only fertilizer that the pond received.

Prior to harvesting,the pond paths were cleared i{n the extensive
rooted vegetation to faclilitate fry removal.

Results and Discussion

Two egg envelopes were collected from the spawning tank on April 19 at
a temperature of 3.6°C. Four days later at 6.7°C spawning again took
place and continued each day with two exceptions through May 5 (see
Table 1).

Table 1 - Water Temperature on Spawn Collecting
Dates for Yellow Perch

Date Ave., temp. deg. C number spawns collected Remarks

Apr. 19
23
24
25
26
27
28
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Spawning rarely took place in midday as omly three of 46 spawns were
collected anytime other than first thing in the morning, This may or
may not be normal, since human activity undoubtedly disturbed the fish
during the day.

The largest number of spawns was collected on May 2 when the midday
temperature was 10.0°C and had risen from 7.8°C the day before. This

agrees closelx with spawning temperatures for wild perch in Wisconsin
of 7.2~11.1 C*,



The mats placed for spawning substrate were removed on April 24.

The envelopes became entangled in them, making removal difficult.
Their absence appeared not to inhibit spawning. Wire fencing is not
necessary since most egg masses were collected from the bottom, al-
though some may have slipped from the fencing due to agitation from
adult swimming action. No midwater spawning structures were used in
our outside ponds until 1973 and in previous tank spawning of yellow
perch here mats were used but no fencing>.

Egg Incubation

Occasional constant flow one-hour treatments of formalin at 166-250ppn
were not adequate in controlling fungus, in the eggs. Treatment should
be daily.

Approximately half of the eggs were incubated in troughs and the re-
mainder in a heath shelf incubator. The heath is more desirable to
keep better records of spawn and also the eggs are totally contained
and capnot float away as on trays in a trough. It 1s very easy to run
out of incubation space with troughs or the heath. We had a conflict
with trout incubation needs. We had small females with subsequent
small spawns (maximum length around 27cm). If large adults were used,
one spawn may totally fill up a heath tray, as wild spawns may reach
213cm in lengthl. Trout egg trays would also be inadequate. Our
trays have a screened area of 24 x 46cm. Eggs often fleat off the
tray.

Oux 46 spawns were contained in one trough about four meters in length
containing around 800 liters of water and in seven shelves of the
heath, each with 6.8 liters of water. Total incubation space was
around 850 liters with the heath the most efficient using only 50
liters.

If large quantities of egge were to be incubated, several heaths would
be required. Undoubtedly other facilities could be utilized. It is
beat to have the eggs confined to keep them from drifting or floating
off. I believe a jar system such as is used for pike, walleye and
suckers might be tried. FEggs could be removed just prior to hatching
for stocking into rearing ponds. Eggs could be left in the jars until
hatching, and a collection trough or tubes _could carry the fry into a
common tank, as has been done with walleyez. This shouléd work well,
since newly hatched fry are pelagic3. They are also photo-positive,
as noted wvhile stocking fry into Dyj- A fernal pall was used with a
centrally located hole in the 1id. On two occasions fry were noted
to move to this light source. A light placed on the collection tank
containing swimeout fry should congregate them for collection if need
be.

A possible drawback to jar culture was noted by University of Wiscon-
sin persomnel. During the final stage of incubation, the tendency to
float may cause the envelopes to rise and block the outflow®.

Due to this tendency to float, an old methed of trout egg incubation
might be suitable. I have not seen the system but it consisted of a
deep trough with a series of vertical baffles that alternately shunt
the flow up then down through horizontal egg trays (see Figure 1).

A drawback to this system would be relative inaccessiblity to indi-
vidual trays as they are stacked vertically on one another. They



Diagramatic Trout Eqq Incubation
System with Possible Use for
Yellow Rerch Eqgg Incubation

Figure 1.




would have to fit tightly so envelopes would not be drawn out the
gldes of the trays.

Table 2 indfcated the temperature units (t.u.) required till eye up
and hatching for yellow perch eggs of 1975. Daily cumulative centi-
grade t.u. are given while only a total is given for Fahrenheit t.
wmnits,

A temperature unit has been defined in many ways depending on various
uses. In this situation it refers tc one degree above 0" ¢ for 24
hours and also one degree Fahrenheit above 32° F for 24 hours4. Brown
trout eggs have required from 670-770 t.u. at 47-50° F*. Our yellow
perch eggs of 1373 required 309 t.u. F> and averaged 365 t.u. F for
1975. Centigrade t.u. were 172 and 203 respectively for those years.

As the temperature increased fewer units were required for hatching.
Qur first spawns required 228 t.u. C over an average tempecrature of
9.9 C. The last spawns experienced 159 t.u. C over an average temper-
ature of 11.3 C. The 1973 average temperature was 11.5 C and 172
units were required.

Hatching dates were decided upon noting several fry that had hatched.
A condition such as 50 percent hatch would be more correct, but from
a standpoint of return it was felt too many fry would be unrecovered
1f delayed to a later stage. Hatching could take place on floating
screens on the pond anyway.

Date of eye up was difficult to set. Melanin pigmentation in the eye
was visible for several days and the date was set when this was easily
seen without need for close observation. kye up dates for four dif-
ferent aged eggs are also noted in Table 2.

There appear tc be several conditions closely preceding hatching:
1) Egg envelopes become flaccid with loss of rigidity.

2) Gold irls pigmentation visible surrounding the melanin in the
eyes. Best initially seen with aid of a flashlight.

3} Larval movement decreases.

4) Bubbles accumulate in the envelope, giving the mass a tendency
to float.

Table 3 indicates chronology of development for some of the spawns,
along with early developmental stages not mentioned above.

Larval movement and iris pigmentation can be noted sooner with a dis-
secting scope. Other stages would be more definitive with scope use,
but time demanded only occasional visual checks with the naked eye.
Observations on development were late on some spawnsg and totally miss-
ing on others.

Loss of vigor (LLM) appears to be a blockage to hatching, since vigor-
ous movement is needed at this stage to break free of the shell. This
may be a natural method to check populations. This phenomenon was also
noted by U. of Wisconsin personnelﬁ.



Fable 2 - Temperature Units to Eye Up and Hatching
for Yellow Perch Fygs

Temperature
_Ceat/Fah

LB/47 .8
VIV
JARTLT
.9/48.0
.2/48.6
NYIL
RYICIR
.5/49,1
.4/48.9
.4/48.9
.2/4B.6
.5/49.1
.7/49.5
10.0/50.0
10.4/50.7
10.6/51.1
10.6/51.1
1¢6.6/51.1
10.4/50.7
10.5/50.9
10.6/51.1
11.1/52.0
11.3/52.3
11.3/52.3
11.3/52.3
11.3/52.3
11.5/52.7
11.7/53.1
12.2/54.0
12.2/54.0
12.6/54.7

(¥« RV RRY < ERV s QRN+ RV + BN ~JRF SR o B e i ¢ v+ i« o

Tesmye .

Units

15.
L5
15.
L6,
I6.
L6.
I6.
L7.
L6.
16.
16.
17.
L7.
18.
18.
19.
19,
19.
18.
18.
19.
20.
20,
20,
20.
20.
20.
21.
22,
22,
22,

et R e B VRN SO N o i =B i Y B B B RN Y - RV - BN o i B I

101.3

H
1

131.4
42.0

]
1

163.2

]

184.1
194.7
205.8
217.1
228.4
(411.2]

d.7
7.4
26.3
35.5
44.9
54.3
63.8
73.2
82.6
91.8

11.0
21.0

52.6

73.6

Va!

24

18.
28,
37.
4b.
56.
66,
76.
86.
97.
107.
118,
128.
139,
149.
160.
172.
183,
194.
206.

Date of spawning and cumulative t.u.
to eve up and hatch (Centigrade)

(¥ e SR I RN & B« i I S IR I T B S o B IRWPE R o N

(370,

18.
28,
7.
47,
56.
66,
7.
87.
98.
108.
119.
129,
140,
151,
162,
174.
185.
196.

208.2
374.7)

bed QO S R e W v s LT G W N

~

27

18.
28,
37.
47.
58.
68.
79.
90.
100,
110.
121.
132.
143.
155.
166.
177.
189,
}201.
213.

OO W 0L RO NS O R 0 O

L7



Table 2 {(continued) -~ Temperature Units to Eye Up and Hatching
for Yellow Perch Eggs

Date | 28 | 29 | 30
Apr.19
20
21
22
23
264
25
26
27
28
29 9.2
30 | 18.7 9.5
May 1| 28.4 | 19.2 9.
2 | 38.4 1} 29.2 19.
| 48.8 | 39.6 30
4| 59.4 } 50.2 40,
5 70.0 | 60.8 51.
6 80.6 | 71.4 61.
74{ 91.0| 81.8 72
8 |101.5{ 92.3 82
9 |112.1 {102.9 93.
10 [123.2 {1114.0 |104.
11 1134.5 |[125.3 |115.
12 |145.8 |136.6 |127.
13 |157.1 |147.9 138.
14 [168.4 |159.2 [149.
15 §179.9 |170.7 |161.
16 [191.6 |182.4 [172.
17 (203.8 |194.6 |[185.
18 {366.9)206.8 1197,
19 219.4 1209,

{=
jt

7

7 9.7

.1 20.1 10.4
7 30.7 21.0
3 41.3 31.6
9 | 51.9 42.2
.3 62.3 52.6
.B 72.8 63.1
4 83.4 713.7
5 94.5 84._8
8 |105.8 96.1
1 |117.1 ]107.4
4 |128.4 {118.7
7 {139.7 1130.0
2 {151.2 |141.5

9 |162.9 [153.2
1 |175.1 |165.4
3 1187.3 [177.6
9 11%9.9 }190.2

[

179.8

5 Remarks

-~ — 4119 eggs
well eyed

10.6-4/23 eggs
21.0 well eyed
31.5

2.1

53.2-4/27 eges
64.5 well eyed
715.8

87.1

98.4~5/3 eggs
109.9 well eyed
i21.6

133.8

146.0

158.6

(395.0) (377,

9) (360.4) (342.4) (323.7)(285.5)

Numbers in parenthesis at the bottom of each column indicate cumulative
temp. units Fahrenheit to hatching for that group of eggs. Daily en-
Temperature Centigrade
is also the temp. units Centigrade for that day.

tries are cumulative temp. units Centigrade.



Table 3—Developmental Stages of Yellow Perch Fggs.
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The methed of stocking eggs in our pond could pessibly aid fry cver

this critical period, Wave acticn lapping against and over the floating
screens would agitate the eggs helping the fry break loose from the
shell. Handling frees many of the fry. To minimize loss of fry into
trough or incubator,it may be better to stock eggs just prior to any
hatching, possibly during the lnactive embryo stage.

Egg Enumeration

Table 4 gives information on egg enumeration. The smallest female was

not used in averaging the number of eggs per spawn, since she was well

below the minimum size of adults used in spawning. There appears to be
no direct relation between length and number of eggs.

Table 4 -~ Egg Counts of Three Yellow Perch

Length wt. ovary no. €gES per eggs per  eggs per  eggEs per
™ gm wt.—gm eggs¥* inch 1b. Em
lo7 23 3.15 2031 484 19.0 40,620 B8, 3k*
152 45  10.7 5208 868 34.3 52,080 114.8
170 80 18.0 9150 1366 53.8 50,833 112.¢
* Estfmate as percent of ovary wt. Total - 102,913 226.8
comted and then expanded. Average - 51,456 113.4

**Not included in averages as below
minipum size of adult females used.

The average number of eggs per gram was 113.4. Our brood stock females
averaged 38.6 gm each (see Table 5) which gives an average spawn of
4377 eggs.

Table 5 - Yellow Perch Brood Stock Information

Number wminimum maximum average total average
length-mm  length-mm length~mm wt. gm wt. gm
Males 50 97.8 165.1 108.0 681 13.6
Females 50, 139.7 190.5 157.5 1930 38.6

Egg fertility was checked on April 28 using a few eggs from spawns of 4/19
and 4/23 (see Table 6). Fertility should have been checked periodically
a8 spawning progressed. Upon stocking the remaining hatching eggs on 5/19,
approximately 50 percent were judged dead. This was a very rough visuval
estimate.

Table 6 - Yellow Perch kgg Fertility

Date number percent
spawned number fertile fertile
4/19 11 10 91
4/23 43 41 95

Total 54 Al 94



Stocking Fond

The number of vggs stocked in D) was estimated by the number of spawns
stocked. The number of spawns stocked was less than collected since
seven were removed that contained total or nearly total dead eggs.

The following figures show how the stocking rate was estimated:

Eleven spawns stocked from eggs deposited through April 28 at

4,377 eggs per spawn:
11(4377) = 48,147 eggs

Tweuty-cight spawnz stocked from eggs deposited after April 28 were
judged to be 50 percent dead, giving only 14 viable spawns at 4,377
eggd per spawn:
14 (4377) = 61,278 eggs
Add previous stocked epgs 48,147
Total 109,425 eggs

Applying the ferrility level of 94 percent:
.94 (109,425) = 102,R60 viable eggs stocked.

Because of the observed low quality of egps stocked on May 19 it is
very possible that percent fertility was down somewhat from eariier
eggs. A decrease in quality was also noted by U. of Wisconsin per-
soonel®. Often dead egps were noted inside the folds of the epg en-
velopes. The envelope is a tube resembling an elongated, thin pickle
with transverse accordion-like folds. The eggs inside the folds were
dying, probably because of either poor water circulation during incu-
bation to that area, or because initially this area was poorly fertil-
ized. This area should be checked in the future, If the area is fer-
tile, increasing water flow may prevent further recurrence. A one-to-
one sex ratio was present during spawning. Two males to each femzle
may be a better ratio. In this instance, two tanks should be used to
lessen crowding, which increases battering of the envelopes prior to
collection.

A volumetric method of determining envelope size and subsequent number
of eggs would be desirable to keep a running total of collected eggs.
Physical measurement of envelope dimensions was too inconsistent due
to accordion effect.

The elongate mesh screens used on trout hatching trays titted to a fio-
tation device with high sides would be ideal for hatching. Wave action
may wash out the egg masses Lf the wall is not high enough. I believe
eggs should be exposed to wave action in some form to aid in hatching —
possibly a screened cover with low sides. No predation by birds was
noted of eggs exposed at the pund surface. This may never be a possi-
bility, but a screened lid would eliminate the problem. We occasional-
1y have problems with grackles robbing fingerlings from our traps, but
perch fry do not constitute much of a meal, compared to fingerling bass
or walleye.

The pond to be stocked should be filled when the first eggs are pro-
duced and fertilized as soun as possible. Stucking was about three
weeks after first spawn collection. This will vary with either slowly
or rapidly warming water temperatures. Herbicide appllication should



be considered as a prefloed or postflood application, depending on the
type.

Preaently our station uses alfalfa pellets and hay for a general fertil-
izer. The break in our water supply line kept us from filling our

pond until several weeks after fry were stocked. We were therefore

late with fertilizer. About 230 kg of hay was placed in the pond from
June §-20. Nothing else was added prior to harvesting the pond July 11,

Fry were first sighted in the pond May 25 at approximately 186mm length.
They were observed on June 6 at about 25mm, apnd there appeared to be
very little zooplankten available. Sightings on June 18 showed them
to be around 35mm. Assuming a mean stocking date of May 15 and ini~-
tial length of 6mm,the fry grew 29mm in 34 days to the sighting of
June 18 which averages 0.85mm per day. Unfortunately these figures are
based only on sightings, not actual measurements, and are probably
worth little more than the paragraph used to mention them. Growth in
the Red Lakes of Minnesota averaged 0.722mm per day over 2 51-day period
for several yearsd.

Harvest

Paths were cleared in the vegetation to facilitate fingerling removal.
Extensive growth of what appeared to be Najas sp., Potamogeton sp.,
Elodea sp. and Chara sp7 were present due to lack of herbicide applica-
tion. The pond being shallow for the first few weeks no doubt aided
vegetative growth.

The pond was harvested July 11 yielding 29.9 1lb. at 12000 fish to the
pound for 35,880 fingerlings (12.6 kg at .38 gm each). This was a re-
turn of 35 percent from an estimated 102,860 viable eggs and fry
stocked. Fingerlings appeared weak although no criteria were used ex-
cept general body morphology and how stressed the fish became from
handling, ’

The Fish Control Laboratory at La Crosse, Wisconsin received 15,000 of
these fingerlings and 160 were sent to the Environmental Protection
Agency facility at Monticello, Minnesota. The remaining 20,700 were
held in 11,1 Cwell water in the holding house. We expected to encoun-
ter systemic bacterial infection, and holding in cool water slows its
progress. We have had problems with this chronic infection in the
past with several species, perch being one of them.

Feeding Fingerlings

Feeding was started using our production trout feed of number one gran-
ule size (595-841 microns). Some feeding noted after one to two days.
It seems best to drop a few particles into small areas initially rather
than general brcadcasting over the tank surface. This attracts atten-
tion to that specific area and when feeding does begin,it may help in
teaching others. This applies to training largemouth bass fingerliogs
and seemed to apply to perch. Bass prefer live, moving food and when
a pellet or granule splashes to the surface they rush to inspect it.

It doesn't move, other than sinking, so several fish will eye it as

it falls to the bottom. With bass, using recently thawed Oregon Moist
Pellets which are rolled into small "worms," a gyrating action is often
established as the "worm" sinks. This entices fish to sample the object,
which leads to eventual acceptance of regular dry production granules.



Time was not available to do the best job of feeding., It requires small
amounts at closely spaced regular feedings. Automatic feeders mnay do
the job but | feel a certain personal touch is required. Observatieon
of the fish is helpful,

A switch was made to number two granules (841 microms — 1.19mm) after
a few days when a preference was noted for the larger size. The fish
were feeding well by the 23rd (after 12 days) and on July 23 they were
transferred to a four-foot diameter (1.2 meter) circular tank in the
office building on city water at approximately 16°C, where the temper-
ature stayed into September.

The fish probably would have gone on feed sooner at warmer water tem-
peratures, but we were reluctant to do this in view of possible bac-
terial complications. If the fish had been harvested in good cendition,
they may have been able to hold In warmer water.

Chronic mortality was experienced through the holding period. Most of
the mortality appeared to involve emaciated fish which never went on
feed. Of the initial 20,700 fingerlings, 930 were distributed September
3 and the remalning 6,370 were distributed September 9. This amounts

to 7,900 fish for a 38 percent survival for the two-month feeding
perlod. Total weight distributed was 23.6 lb. (10.7 kg) and the average
eize was 334.7 to the pound (1.36 gm each). They entered this period

at .38 gm each,

Recommendations

Desirable actions that should be achieved in the future include;

1) Adults should be acclimated to tank culture., Domesticated brood
stock in other words and therefore pellet raised fish.

2) Forage should be provided adults if held for substantial periods
prior to spawning and for post spawning if they are not accept-
ing dry feed.

3) Periodically sort out spawned out females to lessen crowding in
the tanks or use additional tanks with 75 or less per tank.

4) Try two to one male/female sex ratio to lessen chance of in-
fertile eggs.

5) The rearing pond should be well fertilized and herbicide should
be considered to alleviate the vegetation problem.

6) Assuming fish are harvested in good condition they should be
held in warmer water to facilitate transition to dry feed.

7) Feeding fingerlings should be set aside for future brood stock.
This means holding space, preferably tanks.

8) Artificial spawning cof adults should be attempted.



Summary

Yellow perch were raised intensively by tank spawning, egg incubacion
and pond rearing of fry. A return of 35 percent was experienced from
fry to fingerling. This may not be very accurate. It would be either
side of this figure since it is based on a high fertility rate of 94
percent from early eggs and a rough estimate of 50 percent dead on later
stocked eggs. Fingerlings were trained to accept dry feed and grew from
.38 to 1.36 gram with a survival of 38 percent to distribution.
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TANK SPAWNING OF YELLOW PERCH

Graden R. West
Lake Mills Natienal Fish Hatchery
lLake Mills, Wisconsin 5355)

Abstract

the pound) were held in tanks during the spring of 1973. They had
been acquired by hook and line that winter and were excess after stock-—
ing the larger anes into a spawning pond.

Swall yvellow perch (Perca flavescens) averaging 20 grams each (23 to

Synthetic mats were placed in the tank in hopes that spawning might be
achieved, but little attention was paid to the fish otherwise. Twenty-
seven spawns were obtained and incubated on trout hatching trays.

After eye up and near to hatching, half were gent to the La Crosse Fish
Control Laboratory and the rest were stocked in the previocusly men-
tioned spawning pond. No percent hatch or survival was obtained.

Introduction

Yellow perch are raised by this station for use by various federal
agencies, mainly by the Fish Control Lab at La Crosse, Wisconsin.
They request fingerlings and eggs for their toxicity tests,

Each spring a pond is allocated for perch spawning and generally is
tied up for the rest of the year with that species., Brush and fencing
is placed in the ponds for eggs to be draped on in hopes that a mid-
depth incubation might be better than bottom incubation. 1f needs
could be met by intensive culture utilizing tanks and troughs,a pond
would be free fur game or forage fish production.

The spring of 1973 saw us with a few extra perch of questionably ma-
ture size but with some obviously gravid females. These fish averaged
20 grama each (23 to the pound) and it is doubtful if any exceeded 1l3cm
(about 8ix inches) and probably 13cm would be an average length, The
larger fish were stocked in a spawning pond.

Methods and Procedures

A call wvas put out the winter of 1972-73 that we needed yellow perch
brood stock. With the help of local interested parties, personnel
from the station assisted in acquiring these fish by hook and line
from Rock Lake, which is the main water source for the station's warm-
witer program. Approximately 213 perch were acquired by this method.
Prior to the spawning season the fish were held in inside cuncrete
tanks on lake water and fed fingerling goldfish (Carassius auratus).
They were not fed in the spawning tanks.

On March 19 these fish were sorted and 80 of the larger fish were
stocked into a spawning pond aleng with adults from the winter hulding
pond that we had on hand from previcus seasons. The remaining 113

ware placed in the upper half of a holding housce concrete tank utilizing
about 47 cubic feet. Inflow water was from Ruck Lake at about three



gallons per minute.

Bo diszease was noted ia the tank and no prophylactic treatments were
given. Twvo black synthetic mats were placed flat on the tank bottom.
Approximate total surface of the mats was 16 sq. ft., with a total tank
bottom area of 25 sq. frt.

When egg envelopes were discovered,they were removed and placed on trays
in trout hatching troughs. These rtroughs were used both in the holding
house with lake water and In the office basement later with city water.
The treatments of formalin at 200ppm constant flow for one hour were
Blven in the holding house troughs when an infestation of Hydra sp.
developed.

After eye up all eggs were transferred to office building troughs and
then received city water. There was no difference in temperature be-
tween the two water supplies at the time. At advanced eyed stage,
while initial hatching was commencing for the older eggs, the eggs were
transferred to both the La Crosse Fish Control Laboratory for future
bloagsay work and to our regular spawning pond for hatching.

Results

Egge were noted in the tanks April 17 at a water temperature of 8.3°C
(47°F). Spawning continued through April when the water temperature

was 12.2°C (54°F). Approximately 27 spawns were obtained for incubation.
Thirteen went to the lLa Crosse FCL and 14 to our spawning pond. See
Table 1 for data on the first eggs spawned,

Table 1 - Temperature Units Required to Hatching for Yellow Perch Eggs.

Ave. Ave. Cumilative Temp. units
Date temp. F  temp. C Deg. F Deg. C Remarks
4/17/13 47 8.3 15 8.3
4/18 53 11.7 36 20.0
/19 53 11.7 57 31.7
4/20 53 11.7 78 43.4
&/ 53 11.7 99 5.1
/22 53 11.7 120 66.8
4/23 53 11.7 141 78.5 Embryos well devel-
/24 53 11.7 162 90.2 cped
4/25 53 11.7 183 101.9
4/26 53 11.7 204 113.6
4/21 53 11.7 225 125.3
4728 53 11.7 246 137.0
A/29 53 11.7 267 148.7
4730 53 11.7 288 160. 4
5/1 53 11.7 309 172.1 Hatching commencing

A temperature unit has been defined in many ways, depending on various
uses. In this sitvation 1 have chosen its definition as one degree
above 12° for 24 hours on the Fahrenheit scale. 1T have also used this
for the Centigrade scale with 1° above 0° for 24 hours.



For comparison brown trout eggs have required approximately 700 T.U.
on the F. scale to hatching and these yvellow perch eggs took around
309 T. Units.

Yellow perch can be spawned with an intensive system. The unknown fac-
tor at this station, i{ carried farther , would be training the try to
accept an artiticial diet. Fingerling perch of approximately 200 to
400 per 1b. (1-Z gram each) have been held and fed tor several weeks
here in tanks on a dry diert.

Recommendations

A similar trial will be attempted in the spring of 1974 if time and
space permit. Smaller metal rearing tanks will be used as trout will
occupy avallable concrete tanks. Procedures will not vary much from
1973 except that more attention will be paid to the trial. Regular
production activities generally dominate and little time is available
for projects such as this. The following additional information should
be compiled for the next trial.

1)} Size of the test fish.
2) Sex raties.

3) Egg enumeration.

4} Percent hatch.

5) Percent survival.

There should be an attempt at culturing any fry produced. Possibly
brine shrimp could be acquired for food until fry are large enough to
switch to a dry diet. This should be done iIn replicate with a regu-
lar trout starter diet for other fry.

Summarg

The initial phase of an intensive culture method for yellow perch was
accomplished. The fish spawned successfully in holding tanks on
synthetic mats. The eggs were incubated in standard troughs on trout
hatching trays and began hatching after two weeks. When the oldest
eggs were initially hatching, one half were sent to the La Crosse FCL
and the remalnder were transferred to a spawning/rearing pond for
hatching.
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EXPERIENCE IN PERCH FINGERLING PRODUCTION FROM
THE LAKE MILLS NATIONAL F1SH HATCHERY

Sherman Stairs
Hatchery Manager, Lake Mills National Fish Hatchery
Lake Mills, Wisconsin

The Lake Mills National Fish Hatchery is one of about 90 federal fish
hatcheries in the United States. We all have our special responsibili-
ties and one of ours is raising perch that are used by other govern-
mént agencies, particularly the Fish Control Laboratory at La Crosse.
Our facility is 88 acres and is comprised of 24 ponds totaling 30 acres
and ranging in size from 3/10 to 3-1/2 acres each.

We started raising perch the same way as we raise bass, that is, placing
the brood stock in ponds, letting them spawn, then harvesting in June.
At this time the fingerlings weighed about two grams, which was the size
requested. This worked fine while we only needed 5,000 or 10,000
fingerlings per year, but as our needs increased we found it necessary
to intensify our perch fingerling production vperatioen,

-

We spawn our fish in tanks or ponds and get good fertilization. We
found that pieces of brush placed in the ponds help collect the egg
ribbons. When we first started this,we ran out of males while we still
had ripe females, so now we have three to four times as many males as
females,

One of the first things we did was to enumerate the eggs so we knew

how many we were stocking. This information is included in Graden R.
West's "Intensive Culture of Yellow Perch," which is included in this
preceedings. The first year, we stocked approximately 111,000 eggs, had
a 93-94 percent hatch and harvested approximately 35,000-36,000 finger-
lings from a 1/2-acre pond.

We found that the best incubator was a Heath Techni-Cabinet. We placed
four or five egg ribbons on each tray. The eggs don't float out of the
trays and we can examine them without disturbing them.

Just prior to hatching, gas bubbles develop in the egg mass and the whole
ribbon begins to rise. By this time, the ribbon iz difficult to manage
and should be in the pond. We needed to know how long it would take

the eggs to hatch so we determined the number of temperature units re-
quired for incubation. This work is described in Mr. West's paper.
Knowing the temperature units required, we found we could slow dogn ar
speed up incubation so the eggs hatched at the time the ponds had de-
veloped a good crop of food organisms.

Fingerling production requires a fertile pond. Commercial fertilizer or
hay can be used to fertilize a pond but we 've found that alfalfa meal
works the best. It has a high protein content and works faster than hay.
With average weather, we get plankton growth in our ponds, suitable for
perch production in 10-15 days. We apply about 800 pounds of alfalfa
per acre and sometimes have to add more as the season progresses. If
hay is used, it should be chopped and applied at a rate of 1,500 1b./

acre.



We have found that the best way to stock the eggs {s in a small wooden
tray with a screen bhottom. The eggs are kept off the bottom af the
pond and are protected from bivd predation because the tray will sink
when the dird sits on it. When the eggs hatch, the {ry can swim out
through the screen.

1t is jmpartant that the fingerlings be harvested from the pond hetare
vegetation becomes i preblem.  Perch can be started on dry feed when
they are 3/4 to one inch long. In our ponds, they reach this size by
about the first of July. If we wait until the middie of July to drain
our ponds, submerged vegetation makes harvest of the fingerlings very
difficulr.

We harvest our {ish by drawiog the water slowly out of the pond and
trapping the [ish in the kettle, During harvest, it is very impurtant
to stress the fish as little as possible. We have a very serious bac-
terial problem at Lake Mills and this starts to kill our fish if the
water gets warmer Lhan about 60° or it we handle our fish too much.

We have expanded our technology of perch fingerling production signif-
icantly since we started. The major achievements have been imcubating
the eggs indoors and stocking them in ponds on screened trays so the
eggs hatch in the pond., 1 think the next step will rome with getting
the fish to feed ripght after they hatch, and the University of Wiscon-
8in Perch Aguaculture Project is working on this. 1t will also be very
important to take the fish that do best in the aquaculture system and
spawn them. It takes a long time to produce a hatchery strain of fish,
bur it improves the fish for cultural purpuses.

1'd like also to mention that once the fish are raised, they must be
transported. This is an additional stress factor and the best methods
af transporting perch fingerlings should be looked into.



QUESTIONS AND ANSWERS

“hat are the pH limits for spmming perch? I hawe a ocranberry bog
with a pH of 4.3

Aayes! Speclfic pH limits for perch aren't known but the problem with
acidic water is that calcium ions aren't present and we know calcium

i1s required for fertilization. There is a real doubt as to whether
perch could spawn successfully under acidic conditions. It's better to
have water that ls excessively alkaline than excessively acidic.

¥ill brood stuck eat the fry and fingerﬂfng if they are in the same pond?

Jtatrs: Very definitely. That is why we raise perch the way we do,
stocking a clean pond with eyed eggs but spawning the fish elsewhere.

IJ the brood fish have an alternate foed like minrows, will they still
feed on the young perch?

Kayes: Perch are not very effective piscivores, They have a hard time
catching minnows.

Stairs: 1 think the big problem is with large perch eating the spawns.

Kayes: At any rate, we can conclude that it is poor pond management to
have anything in the pond other than perch fingerlings.

What are the ecomomics of using a high protein fertilizer like dried al-
falfa in place of organic fertilizer?

Stairs: I think it is more economical because you gel a greater return
in pond nutrition per dollar spent. Alfalfa also works very quickly.

We finish our pond cycle for perch in four weeks. Using hay for ferti-
lizer, it would probably take four weeks just to get a zooplankton popu=~
lation started. T think everyone would agree that animal manures are
very bad because they promote algae and weed growth,

Henry: Also, with animal manure, a great deal is needed and the handling
cost is increased.

Do you drain your pornds and let them freeze out every year?

Statrs: Yes, we drain as many as we can.

How do you nandle the disease problem in your ponds {f you can’t drain
them?

Stairs: We get parasites in the ponds but we don't have problems with
disease until the fish have been removed and handled. Parasites can be
controlled with chemicals but the new laws being entorced by the ¥Food
and Drug Administration and Environmental Protection Agency make



hatchery work very difficult. They haven't registered such chemicals
a8 formaldehyde and copper sulfate which are very important in our
~ fish work.

If it's o important tn keep the cgos suspended off the pond bottom,
why do perch overpopuliate our lakes on their own?

Stairs: 1'd guess that the survival rate of eggs laid would be less
than one half of one percent in the wild. Perch overpopulate natural
waters through sheer numbers. They are very prolific.

Wtll perch spawn on sand?

Statra: 1 think they will spawn anywhere but they prefer gravel.

Do you incubate the eggs wntil they hatch?

Stairg: No, only until they are eyed. Then we transfer them to the
wooden trays with screened bottoms. When the eggs hatch,the iry can
swim through the screen and out inte the pond.

What do you do to control fimgus in the incubators?

Stairs: We use the same procedure as for trout egg incubation. We
pour 160-200ppm formaldehyde through the incubator once per day. We
only do this until the eggs have eyed because the treatment might kill
them after that.

Do you remove dead eggs?
Staire: That'a not practical with perch. It takes too much time.

West; I would like to make a few comments at this point, first on pond
flooding dates. In an average year we would flood the ponds when the
first eggs are produced. About three weeks after flooding, the fry will
need to begin feeding and the zooplankton populatien should be developed
by then. Pond floocding dates should be adjusted according to how warm
the spring weather is.

Dr. Hokanson spoke of different stages accompanying the hatch. One of
these is when the embryos are heavily pigmented and they become very
active. Just before hatching they lose their urge to struggle and be-
come inactive. We believe that this impedes hatching because the fry
aren't fighting hard enough to break loose from the shell. We think
that these stages are important in determining when the eggs are stocked.
If they are placed in the pond during the active period, wave action
might break up the ribbons and give a premature hatch. Because of this,
we Lry to stock our eggs during the inactive period just prior to hatch-
ing. If you wait too long, the eggs will hatch as they are removed
from the incubator so timing is important.



Kayes: 1 have talked to a lot of people about perch culture and

found that there is a different "best way" of doing it fbr every
facility. For instance, at the Lake Mills hatchery, the eggs are
stocked when they are well eyed out. If I waited until that long to
stock eggs, I would have a great deal of difficulty. The basic reason
for this is that Mr. $tairs works with much smaller fish than we do and
the ribbons are much smaller and easier to handle. The fish we work
with are from Lake Mendota and the ribbons may be five to seven feet
long. 1If 1 wait until the eggs are well developed, I'll end up with a
mess when I try to move them. We move our eggs on day six or sgeven
after fertilization snd Mr. West moves his on day eight or nine. One
procedure 18 not more correct than another, just more appropriate for
a specific facility.

Weat: The spawns from six to seven inch fish fit into the Heath trays
much easfer tham the ribbons from a larger fish.

Kayes: With the large ribbons there are more problems with flictation
and the larvae escaping from the egg masses, but of course, you gelL more
eggs out of larger females.

Do you need a permit from the DNR to dig a pond even if it will be
drained every fall?

Staire: Definitely. If you raise fish,you have a fish hatchery and you
need & fish hatchery license.



FINANCTAL BUDCET FOR A PERCH
FINCERLING PRODUCTION OPERATION

Richard W. Soderberg
Aquiiculture Specialist
University of Wisconsin-Extension

Perch fingerling production will necessarily be a pond operation.

Ega taking is best done indoors but fry feeding must be in the natural
environment of a fertile pond.

Pond production estimates for coolwater fish range from SO 1bs per acre
to 250 Llbs per acre, which converty roughly to 11,000-60,000 two-gram
ftngerlings. The variability of pond production is due to several bio-
logical and chemical factors characteristic of each pond environment.
It is conceivable that pond production could be raised substantially by
supplemental feeding, but for the purposes of this paper it will be
agsumed that 30,000 fingerlings can be raised per surface acre of water
per season. The acreage required to support a 100,000 pound per year
production facility would then be about 12 acres, assuming a survival
rate of 80 percent from stocking in the production system to harvest.

Fingerling production in ponds requires a high level of management and
pondas should be constructed accordingly. A manageable fish pond is one
that can be drained and filled easily. Since well water is the most
desirable water source for a pond devoted te fingerling production, the
Boll used for diking must be of a high clay content to minimize pumping
requirements to replace water lost through seepage. Pond size is also
a factor in management, but small ponds cost more per acre to construct
than larger ones. No criteria for sizing perch fingerling ponds have
been described but they should probably be limited to around two acres,
with a width not to exceed 150 feet.

This praospectus for a l2-acre perch fingerling farm assumes that the
land is level; the soll has a high enough clay content to hold water;
and adequate groundwater is available at a reasonable depth. Land
costs will be minimized if a swampy, but drainable site is chosen or if
the area {s in some other way unsuitable for other forms of agriculture,
It 1s important that the site not be in a floodplain to eliminate cost-
ly diversion canals or hlgher than necessary dikes.

Filgure | shows a proposed |2-acre perch fingerling farm containing six
two-acre ponds, each with a 150-foot width. The central dike allows
truck access to each pund. All dikes have a height of five feet to
allow a water depth of four feet at the deep end of each pond. The
central dike has a ten-foot crown requiring 4.63 cubic yards of soil per
linear foot and the internal dikes have a three-foot crown requiring
3.33 yards of soil per lincar foot. Fipure 2 shows the rross-sect ional
dimensions of the dikes.

Each pond has its own water vontrol strurture so it cam be individually
managed. The most practical drainage system for small ponds has been
found to be the Canfield drain or turndown pipe. Figure 3 shows the
operation of the turndown drain. The standpipe serves as an overflow
to regulate the water level of the pond when in the upright position.
When turned down, the standpipe becomes a drain. Each turndown drain
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i connected to a central drainage line beneath the central dike,

Bach pond will require about 96 hours teo drain completely if the
standpipe is six inches in diameter, A circular catch basin should be
provided at the drainage end of each pond to facilitate harveat. It
should be 1-1/2 feet deep at the center and occupy 10 percent of the
pond's area. The catch basin for a two-acre pond would then be 105
feet in diameter,

DISCUSSTION

This prospectus presents a reasonable profit projection for a pond
fishery operation in Wisconsin. As in other forms of agriculture,

the producer is at the mercy of weather conditions and market fluctu-
ations 8o a feasibility study of this type can be used only as a guide.
It 4s expected that the greatest benefit in an operation on the acale
presented here would be in conjunction with a growout facility. The
grower would then be producing his own fiungerlings at a cost of about
four cents each and would have the best opportunity to upgrade his
product . through genetic contrel.

COMMENTS ON SEALING FOND LEAKS

The best advice on sealing leaky ponds is to aveid digging them on per-
meable soils. With today's land costs, water regulations and pumping
costs, however, it is not always possible to locate the pond operation
in an area with ideal soil characteristics.

Many areas in Wisconsin have clay at a reasonable depth so that it can
be mined to line the pond. In any case the pond dikes should have clay
cores and antiseepage keys., Commercially available clay sealers such
ag Benonite sometimes solve pond leakage problems but success has been
variable and unpredictable. '

Carp or hogs are sometimes used to build up an impervious organic layer
on the pond bottom and sides but this would take at least a year. A
leaky area on a pond dike can be "“hogged off" without taking the entire
pond out of fish production.

Ten @il plastic sheeting for lining ponds costs about 1l cents per
sguace foot and should be considered an extreme measure because of the
COBL.



DEVELOPMENT COST SHEET

LAKD COST Cost

15 acres @ 500 $7500

EARTH MOVING COSTS

Drainage system (backhoe) 185 yards @ .75 139
Central dike {(caterpillar) 2278 yards @ .50 1139
Internal dikec {(caterpillar) 19,021 yards @ .50 9511
Catch basins (caterpillar) 1936 yards @ .50 968
PLUMBING COSTS
Drainage
589 ' 6" PVC @ 4.76 ‘ 2804
6 6" rvC "TI"s @ 37.50 ' 225
6 6" PVC male adapters @ 10.63 64
6 6" PVC female adapters @ 15.70 94
6 6" PVC eldbows @ 26.79 161
6 vards concrete @ 353.00 210
Supply '
1900' 6" PVC @ 4,76 9044
60’ 3" pPVC @ 1.68 101
[ 6" red "T" @ 37.50 150
2 6" red elbow @ 26.79 54
1 6" elbow R 26.79 27
2 6" gate valves @ 283.20 567
PUMP AND WELL
300 gpwm submersible turbine
pump w/10HP gasoline engine 3035
100" 6" drilling @ 6.00 600
100* 6" casing @ 3.42 342
5 6" couplings @ 10.10 51
OTHER COSTS
3 acres vegetative cover A 45.00 135
74 yards gravel to surface central dike & 13.00 962
1 100' aieve, 1/8", &' deep 225
4 dipnets @ 14.00 56
6 1/3 HP aerators @ 86.00 516
1 lawn mower 125
1-1/2 ton pickup (used) 3000
2 fish hauling tanks @ 1200 2400
1 Oxygen kit 30

TOTAL ESTIMATED INVESTMENT 44,235



COST OF PRODUCTILON

ESTIHBTED EXPENSES
Principal + Interest, 7 years at 9%
Pumping Costs, 4300 gallons @ ,52
Aeration costs, ZHP for 30 days
Labor, 658 man hours @ 3,50
Taxes, Insurance, Repairs, 4% of 44235
Fish hauling, 300 miles @ ,40

TOTAL
ESTIMATED ANNUAL PRODUCTION 360,000 @ .05
ESTIMATED EARNING

Profit per land acre



CONCEPTS IN FISH TANK DESIGN

Ron Henry
U.S. Fish & Wildiife Services
Fish Control Lab
La Crosse, W1

Several factors should be considered in selection, configuration and
construction materials of any fish culture unit. Configuration of a
given culture unit should be deternined by the desired water exchange
rate, total water volume, depth, shape, drainage system and harvest
sethod. Two of the factors iInfluencing pond size are physical restric-—
tions and economic restricelons, that is, characteristica of the site
and development funds available.

Site characteristics and the amount of water available will help deter—
pine whether fish are cultured intensively or extensively. Intensive
culture can be compared to a feedlot for cattle. Extensive culture 1is
similar to raising cattle on a range.

The water space potential determines which type of culture can be prac—
ticed. For intemsive culture, the water body must be able to be filled
in 30 minutes to four hours. The range for extensive culture is one to
seven days.

For instance, if a fish farmer practicing extensive pond culture cannot

completely f£111 his ponds in seven days, he has too much pond space.

The water space potential is especially important to a pond operator be-~
cause during the summer when algae blooms die off and deplete the water

of oxygen, the ponds must be flushed. This has to be done within seven

days.

An example of an extensive operation would be a water supply of 12,000
gph. With this volume, the operator could have from three to 20,1/10-
acre ponda. 1If he built more than 20 such ponds, his space potential
limit of seven days would be exceeded.

An example of how 12,000gph could be used intensively would be with 500
gallon tanks. A 1/2~hour f11l time would allow 12 tanks and a four-hour
fi11 time would aliow 96 tanks to be operated. [Lf there is excess po-
tential in an intensive culture system due to more water flow than can
be managed easily, it can be integrated with an extensive aystem. One
operator I know planned his potential water space and came up with an
integrated system having intensive culture in circular tanks coupled
with extensive culture i{n ponds.

Different construction materials and methods are available for different
economic situations. At one end of the scale is fish culture in rivers,
lakes or the sea. These water bodies cannot be drained so cage culture

i{s practiced. A cage can be any shape, be made from netting or wire and’
have a lock space and flotation collar around it. The flotation used

is often Styrcfoam or 35-gallion drums.



An exciting application of cage culture is floating raceways. The net-
.ting 48 replaced with vinyl and the raceway is pumped full of water.
The advantage is that the water can be taken from any depth, so the best
qualfiry of water is used throughout the ¥2&r. The upper limits of the
water columm, where cage culture is confined, is not always the best
water for fish culture.

- Another type of fish culture vessel is a canal or raceway. The simplest
type of construction Is earthen. The sides can be improved with con-
crete, wood or vinyl. The most expensive type of construction is all
concrete. I design my concrete raceways in 10 cublc meter sectiens to
factlitate calcalations when treating the fish for disease.

There are two basic types of pond construction. In pit construction,
the pond is dug down into the ground and in dike construction the levees
are built up above the orginal ground level. Dike construction is the
more desirable because it allows drainage. Some ponds have wood or con-
‘crete sides, but most are earthen.

Silos ave sometimes used for trout culture and can be built above or
below the ground. They are usually made of concrete, fiberglass re-
inforced cement, metal or fiberglass.

Tanks are usually made of poured concrete but there are several dia-
advantages to this type of construction. Tf the fish culturist decides
that his facility isn't designed correctly, he can't move his tanks if
they're made of concrete. Also, concrete 1s porous so the walls can har-
bor disease organisms. They can be painted but the paiunt falls off in
a short time, Tanks can also be made of fiberglass or metal. The best
tank we've used is a double walled Fiberglass tank with internal wood
reinforcement and foam insulation between the walls. 1Tt is functional,
movable and easy to keep clean.

The mext thing I'd like to discuss is the shape of tanks for extensive
fish culture. In a pond operation the lay of the land or shape of the
site might determine what shape the ponds are. Rectangular ponds should
be 1710 acre or larger. Small ponds have a greater amount of shoreline,
which ia the productive area of the pond, than larger ponds but cost more,
per acre, to build. The amount of time that fish will remain in the
poné helps determine how deep it should be. A short-term pond need only
be deep enough to keep birds from wading the edge. This is about three
feet. If fish are going to be kept in the pond longer than eight weeks or
a0, 1t should be deeper so that as the fish grow they have enough space.
Algo, deeper ponds are slower to be choked with weeds than shallow ones.
From a pond management standpoint, the fish must be out of the pond be-
fore waads become a problem.

The next consideration I'd like to address is harvesting. The first fish
ponds built in this country had channels leading toward the drala to
funnel the fish down. The next step in the evolution of fish ponds was
to slope the entire pond bottom into a kettle or catching basin from where
the fish could easily be harvested. A further refinement to this is a
concrete kettle with gates so the fish can be more easily confined. The
best ponds have a concrete slip down the center so that when the pond 1is
draiped, the fish slide down into the kettle and harvest themselves.



There are several types of drainage mechanisms. The standpipe drain
is common but there are some faults in it. Once the pipe i3 turned
down, you can't always get it back up. The collar can come loose and
leak. It's difficult to screen a standpipe because it quickly gets
clogged with veeds and it's hard to clean because the drain is under
water. Ome simple type of drain is a8 sluice with dam boards. The num-
ber of boards in place determines the water level. Also, this type of
drain {s easy to screen. ’

In summary, tanks can be rectangular or round. The depth can be 1/4 to

1-1/2 feet for a very short term, 1-1/2 to three feet deep for an inter-

pediate term and deeper for & long term. The pond sheould drailn to a cen-

tral collection point for the fish. A little planning by designing tanks
right and letting them do the work will pay off in dividends.

I would suggest the following publications for anycne interested in get-
ting into fish farming.

Figh Farming International .
Arthur J. Heighway Publicatiom, Ltd.,
110 Fleet St.

London, England EC4A 2JL
Subscription U.S. $25.00

Second Report to the Figsh Farmers
Resource Publication 113

Bureau of Sport Fisheries anéd Wildlife
Washington, D.C. June 1973 $2.10

The Commercial Fish Farmer and Aquaculture News
620 E. Sixth
Little Rock, AR Subscription $10.00



GROUF DISCUSSION

Why are you raising perch? It's considered a trash fish in our area.

Soderberg: 1t may be a trash fish for sporting purposes but tt's the
most valuable finfish for food in this area. Fresh perch fillets are
now retailing for $4.69 per pound.

Stairg: My comment on that is that in years to come there may be no
€ish considered trash. We might be utilizing all fish for food. The
Food Science Department here has shown that all kinds of f£ish can be
made palatable.

Calbart: The reason that we have been primarily interested in perch
squaculture 1s that there is a demand for this product that is not being
supplied. In most new food industries, a product is developed and then
a market is developed. In the case of parch, we already have a market.
Admittedly, this £s a luxury market. 1 don't know why people would pay
over $4.00 a pound for perch when they can get top grade steak for half
that price, but they do. In the future, if food supplies become crici-~
cal, we might consider a species of fish less costly to ralse but for
now, we're trying to work out perch aguaculture so that it is fairly
feasible and somewhat ecomomical. Perch will never be a cheap fish,
but we'd like to see it get to the point where a farmer raising it could
make a profit.

Kayes: Beauty is in the eye of the beholder. One of the most commonly
cultured fish in the world is carp, but its value as a food fish is very
low in this country. Carp is not a native fish; it was introduced by
your ancestors because, to them, it was an important foond.

Would you say that hormonal control of brood stock is a feastble thing to
do at this time?

Kayes: The hormonal eontrel of epawming is feasible but it takes a cer-
tain amount of skill. Whether or not it is a worthwhile technique will
depend upon the individual fish culturist. It is a very commonly used
technique for other kindas of cultured fish. The endocrine or hormonal
contrel of maturation in perch is not feasible at this time aud I don't
think 1t will be 4in the near future.

On temperature suppression of the adults, is {t important to put the
males, ag well as the females, through a ccld period ?

Bokanson: The femasle is the most critfcal, but it would be desirable for
the timing of maturation of both sexes that it be under the same conditiom.

Kayee: We have people in our project working with sperm preservation.
Most of the technology for this has already been developed,so I think
that in the Eoreseeable future we will have sperm available when we need
it and enly the females will have to be controlled.
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Hokanaon: 1 think one of the effects of a cold period on males is
that it prolongs the period of time when spermatazoa are available,
but the female cycle 1s smich more precise and limiting.

Ia food availability the major comstraint on fingerling production in
ponds? ,

Staire: Yes, I would say that food is the major limiting factor, but
the amount of food available can be influenced.

Henry: Aaother thing is rain. A heavy rain can eliminate a good crop
of food organisms in the pond. Weather is a very important factor at
that time of year. y

 Soderberg: A given pond will have a certain carrying capacity, and once
this 18 reached, additional feed and fertilizer won't have an effect,
There is a whole host of chemical and biological factors that affect
what the carrying capacity of a pond is.

. West: It can be harmful to overfertilize or overfeed a pond because
the BOD rises and there might be a possiblity of oxygen depletion.

Is the aquaculture program still interested in the culture of walleye?

Calbert: The walleye program 1s still viable. Up until this year we've
_concentrated on perch because of space limitations but now that we have
a new facility we'll be doing more work with walleye.

Hokanson: 1 would like to wake a few comments that I failed to mention
in my talk. ©On holding back brood stock or embryos, it depends upon the
water supply. Brood stock could be held back a week or two on spawning

. in water at a temperature of 4°C. Well water is not cold enocugh for this.
" I would also like to bring out the importance of the fattening period in

. the yellow perch's reproductive cycle. This will be especilally signi-

ficant for thoase interested in brood stock production. If anything in-
terferes with the normal processes that occuor within the fattening pe-
riod, the fish won't mature the next year. It is also important that
the brood fish spawm each year. The reabsorption of the gametes will In-
terfere with the development of next year's crop of eggs and no. spawning
will occur., :

Kayea: 1In conclusion, I would like to make a point on the positive side.
We've heard about all the factors that contribute to succesasful finger-
ling production: increasing photoperiods, certain temperatures being
requirad, certain conditions necessary in the ponds and so forth. 1In
reality, the normal average temperatures and conditions outdoors are the
beat conditions for culture. If this weren't true, perch wouldn’t be
successful in the lakes. The point is to take advantage of the natural
ayatem as much as possible. Learn what the requirements are and find
ways of adjusting, manipulating or making slight wmodifications on the
natural system to obtain the maximum yield.
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