
UNITED STATES DEPARTMENT OF THE INTERIOR, Stewart L. Udall, Secretary

FISH AND WILDLIFE SERVICE, Clarence F. Pautzke, Commissioner

BUREAU OF COMMERCIAL FISHERIES, Donald L. McKernan, Director

TANK CULTURE OF TILAPIA

By RICHARD N. UCHIDA AND JOSEPH E. KING

FISHERY BULLETIN 199

From Fishery Bulletin of the Fish and Wildlife Service

VOLUME 62

PUBLISHED BY UNITED STATES FISH AND WILDLIFE' SERVICE • WASHINGTON • 1962

PRINTED BY UNITED STATES GOVERNMENT PRINTING OFFICE. WASHINGTON, D.C.

For sale by Superintendent of Documents, U.S. Government Printing Office, Washington 25, D.C.

Price ~O cents



Library of Congress cat.alo~ card for the seories, Fishery Bulletin of the
Fish and Wildlife Service:

u. S. Fish a'lId Wildlife Se:r1.,ice.
Fishery bulletin. v. 1-

Washington, U. S. Govt.. Print. Off., 1881-19

v. in illus., maps (part fold.) 23-28 cm.

Some vols. issued in the congressional series as Senate or House
documents.

Bulletins composing v. 47- also numbered 1-
Title varies: v. 1--49, Bulletin.
Vols. 1-49 issued by Bureau of Fisheries (called Fish Commission,

v. 1-23)

1. Fisheries-V. S. 2. Fish-cl1ltm'e-U. S. I. Title.

n

SHll.A25

Library of Congress

639.206113 9-35239*



CONTENTS
Page

Introduction 21
Cultureluethods 23

Rearing facilities____ ___________________ ________________ ___________________ 23

~~~ai~a~;:~;t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ;~
Stocking the brood tanks __________________________________________________ 25
Feeding__________________________________________________________________ 26
Fry production___________________________________________________________ 27
Fry collection ____________________________________________________________ 28
Fryrearing 29
Length-weight relation of young ._______ 29
Water-quality determinations_ ___ _ __ __ __ ______ ___ 29

Oxygen content ~------________ 29
Hydrogen-ion concentration_ ___________________________________________ 30
Free carbon dioxide___________________________________________________ 31
Alkalinit.y_______________________________ _____________________________ 31

Mortalities_ ______________________________________________________________ 31
Among the adults • __ _ ____ _ 31
Among the young < 31

Disease prevention and cont.rol_ ____________________________________________ 32
Trichodina spp ~ ________________________ 32
Chilodon spp _________________________________________________________ 32
Infectiolls pancreatic lIecrosis_ __________________________________________ 32
Prophylactic measures ~ __ 33

Factors affecting fry production_ _______________________________________________ 34
Temperature and spawning ._ 34
Sex ratio and brood-stock density___________________________________________ 37
Diet and reproduction '_ ____________ 38
Salinity and spawning_ ____________________________________________________ 39

Factors affecting growth of young_ ______________________________________________ 40
Concentration of fish and growth ___________________________________________ 40
Diet and growth_ _______________________ __ ________________________________ 41
Salinity and growth _______________________________________________________ 42

Cannibalism and predation___ __________________________________________ ________ 44
Summary and conclusions____ ______ ___________________ __ _________ __________ ____ 45
Literature cited____ ____ ___ _ ______ __ ____ __________ 46
Appendix .. ._ _________________ 48

or



IV

ABSTRACT
This study evaluated the feasibility· of produdng hait-size tilapia by the

t.nllk-culture method. Two facilities wert" used: a llilot" plant constructed on
the grounds of the Biological Laborator~' at Honolulu and a second and more
elabornte plant constructed at Kewalo Basin. Honolulu.

Study of sOllie of the factors associated with rellroduetive rntes reveoled
thot (1) only a slight increase in water temperature wns necessnQ' to increase
spawning frefJuene~' during winter months. (2) prolonged high temperatures
seemed to hlH'e a detrimental t"ffect on spawning fish. (3) a s€'x ratio of
39 : 1 & resulted in the high€'st rellroductive rate. (41 a con,,€'ntration of brood
stock that allow€'d 4.0 square feet of bottom area per male and 1.0 squar€' foot
p€'r individual provided nllt!lIlUin conditions for ('f.urtship and spawning.
(5) hrond stoeks ft"<l a high-qualit~' f€'ed had a hight"r relll'oduetiv€' rate than

those maintained on a low-fjuality ft"ed. and (6) brnod stocks maintained in
bruekish water of about 10 "/•• had signifil'antl~· higher fl'~' pwcluetion than
thos€' in fr€'sh watt"r.

Crowding affeett"<l growth rat€' of young as did quality of the food ond
salinity of water.

The majnr canse8 of mortality among the lldults were handling. diseas€'.
nsphyxiation. llud possibl~' h~'dl'ogen 8ulfide poi"oning. High l\lortality rat€'s
nmong Ult" young weI'€' caused by an inf€'ctious disease and infestation by
ecto[mrasitic protozoan".

l!]xp€'riments on cannihalism indicat€'d that juv€'nil€' tilapia averaging 20,4
mm. killt"Cl or consulllt"cl fry up to 10.0 nuu. in l€'ngUI. whilt" juvenilt"s av€'raging
tHo.-! l\ll\l. in length wert" able to ldll or COnSllln€' snl/l-Il€'r juvt"niles up to a
maximum size· of 24.5 mlll. Stllrved juv€'nilt"s w€'re more aggressive than
wt"ll-fed juvenil€'s.



TANK CULTURE OF TILAPIA
By RICHARD N. UCHIDA and JOSEPH E. KING, Fishery Research BiQlogists

BUREAU OF COMMERCIAL FISHERIES

Unt.il about. two decades ago, t.he cichlid fish
Tilapia, Jno.~8am.bic,(. Peters had received' only
minor attention as a food and game fish in it.s
nat.ive East. African envir.)llInent. No intensive
cult.iva.tion of tiIn:pia was ca.l'l'ied on in Africa, and
it. wa,s not unt il this fish mysteriously appea.red in
East. .Java in 1939 that. anyone recognized t.hat. it
possessed ma,ny of the desirable charaderistics of
a pondfish' and .t.hat. it. was readily adapt.able to
cult.ure (At.z, 19M). The potent.ialit.ies of vari
ous species of Til((.pia we.re demonstrated by "V. H.
Sehust.er before a gat.hering of inland fisheries ex
perts held at. Surabaja in 1939 (Vans llnd Hof
stede, 195~). Since Umt. time, t.ilapia llltve been
sueeessfully introduced into many southeast.ern
Asian count.ries \yhere they have become an im
port.nnt. source of protein food.

In recent. years, many scientists in various parts
of the world have studied the biology of t.ilapia and
it.s cult.ure in ponds and rice paddies. The work of
Vaas and Hofstede (l95~), Chen (1\)53), Panik
.Imr and Tampi (1954), and Swingle (1960) is par
ticularly not.eworthy. Chimits (1955, 1957) has
published excellent. reviews of tilapia eult.ure and
his bibliographies bring t.oget.her a wea.lt,h of in
format.ion on theee fishes. Baerends and Baer
ends-Van Roon (1950) should be ment.ioned for
t.heir cont.ribut.ions to knowledge of the behavior
of the cichlids. Other sources of information on
various aspects of tilapia cult.ure and biology are
Brock (1954), on spawning in salt wat.er; Fish
(1955) and I.e Roux (1950), on feeding habit.s;
and Lowe (1955), on feeundit.y. Brock nnd
Takat.a (1955) and King and Wilson (1957) re
ported on use of young tilapia as supplementa.ry
tuna. bait, l"nd Hida et aI. (1961) on the tank
eulture of bait.-size t.ilapia,.

Swingle (1957) wns the first. to recognize that.
species of l'ilapia have potent.ia.lit.ies as a fre8h-
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wat.er game fish in the lInited St.ates. Other in
vestigntors have fOllnd se\'eral of the many spe('ies
of Tilapia to be suitable lahoratm'y nnimals for
many types of physiological research.

The decision t.o introduce T. 1/w88tUnbic(( t.o
Hawaii WllS based primarily on two major con
siderat.ions: the usefulnese of the fish for clearing
aquatie vegetation from irrigat.ion ditches and
eanals and t.he possibility that the young could be
used as bait. fish in t.he Hawaiian skipjack fishery
(Brock and Takata, 1955). Since it.s introduet.ion
to Hawaii in Ul51, t.ilapia has received widespread
attention a,ud is now well established in many
privat.e and conllnercilll ponds throughout the
major Hawaiian islands.

The pole-and-line fishery.for skipjack (Katsu
11"On:/(8 'pe!mnis) is the largest commercial fishery
in Hawaii. Descriptions of this fishery and the
associated live-bait fishery have been published by
.June (19[.1), Brock and Takata (1955), and
Yamashita (1958). All of these investigators
dte the shortage of ba.it fish as t.he principal
factor limit.ing production of this pole-and-line.
fishery.

Because of this critica.I demand for bait, atten
tion was focused on tilapia as a possible supple
ment. to natural bait supplies. Tester et. al.
(1954), experimenting with artificial materials
(both edible and inedible) to attraet tuna t.o the
st.ern of a fishing vesse.I, reported genera.Ily nega
tive or inconclusive results, which gave added im
petus to the search for a suitable substitute live
bait. In the summer of l{l54, Brock and Takata
(1955) initiated the first sea, trials to evaluate
tilapia as live bait and in a number of the sea tests
they obtnined encouraging results. King and 'Wil
son (1957: p. 8) made furt.her sea tests during the
summer and fa.ll of 1956 and concluded that the
young of Tilapia ·/Iwssam.bicff, are an adequate ba,it
fish for catching skipjaek. They further pointed
out that. although t.ilapia in some respeets was in-

21
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ferior to nehu (8tolepllOf'ulj p1tJ'p'uJ'eu8) , the prin
cipal bait used in the skipjack fishery, it was on
the other hand, hardier than nehu alld could
tolerate a wider range of salinity and lower oxygen
concentrations.

In view of the reported success in using young
tilapia as a tuna bait fish, consideration was given
to devising renring methods that would be eco
nomically and biologically feasible for produeing
adequate numbers of fish of proper size. Two im
mediate possibilities presented themsel~es: pond
culture, whereby existing ponds on the islands
would be utilized with some modifications; and
tank culture, with separate spawning tanks and
fry-rearing or nursery facilities.

King and Wilson (1957: p. 8) utilized bait-size.
tilapia obtained from private ponds and reser
voirs for their sea trials and after a number of
bait-seining operations conclude.d that-

it dOE'S not al>pear tha t the rearing of tiIapia for bait pur
poses can be done most eJredively in water reservoirs and
natural ponds with little control over spawning, canni
balistic traits of the species. and predation, and with
the difficulty of harvesting the fish efficiently at an
optimum size.

It was anticipated that tank culture of the fish
under controlled conditions might prove to be a
more effici('.llt and economical way to produce bait
size tilapia. As a result, 'a study of tank culture
of til apia on a pilot-plant scale was initiated at
the Bureau of COl~mercial Fisheries Biological
Laboratory at Honolulu. The primary objectives
of this study were to determine the physical and
biological problems associated with tank cuIt.ure
a.nd the potentialities of producing bait-size tila.pia
in sufficient quantities under controlled conditions
in a hatchery-type operation.

The pilot plant was constructed on the grounds
of the laboratory in October 1956 and experiments
were carried on the.re until .July 1958, after which
the fac.ilities were transferred to more spacious
grounds adjacent to t.he laboratory's new docksite
building at Kewalo Basin, Honolulu. Studies
continued at the Kewalo plant until September
1959. While the purpose. of the pilot plant was
primarily to examine the general problems asso
ciated with production of bait-size tilapia, the
Kewalo plant studies were designed to obtain a
more detailed and quantitative evaluation of tank
culture and to assess the various factors associated

with variations in reproductive, survival, and
growth rates.

The purposes of' this report are to discuss our
efforts in est.ablishing operational procedures and
basic requirements that would be applicable to a
commercially operated tilapia hatchery, t.o present
our observat.ions and conclusions on reproduction
and growth, and to describe the cannibalism, pre
dation, and diseases of tilapia observed during the
experime.nt.s.

As work progressed, the need for information
on ot.her renring methods became evident and a
study of pond eulture of tilapia under controlled
condit.ions was begun by t.he Hawaii Division of
Fish and Game at Kaneohe., Oahu, under contract
wit.h the (Territorial) Economic Planning and
Coordination Authority (EPCA) and the Bureau
of Commercial Fisheries. Production of bait
size tilapia in ponds under uncontrolled conditions
was investigated to some extent by King and Wil
son (1f15i) during the sumn1e.r of 1956.

The Maui Fisheries and Marine Products Co.,
Ltd., expressed an interest in establishing a
t.ilapia hatchery on a semicommercial basis, fol
lowing our initial success in producing bait-size.
tilapia at the pilot plailt. A eontract. was signed
with Maui Fisheries, the Hawaii Division of Fish
and Game, and the. Bureau of Commercial Fish
eries, as principals, late in December 1957, for the
operation of a tilapia-rearing plant at Paia, Maui.
A fishery biologist, supplied by the Bureau, was
phtced in charge of the plant to obtain detailed
records of the production and of operational costs.
The Paia hatchery was operated for ~ years and
the results have been reported by Hida et al.
(1961).

In frequent references throughout this report
to the various stages of deve.Iopment of tilapia, we
have tried t.o conform to generally accepted ter
minology, but in some instances we found com
binations of categories more suitable and in other
ways we have diverged from ordinary usage. The
terminology t.hat we have. employed is defined as
follows:

FI·y.-Includes both the prolarval (yolk-bear
ing) and post.Iarval (nonyolk-bearing) st.ages.
Includes tilapia up to 19.0 mm. (0.75 in.) in length.

J1f.i'enile.-Stages betwe.en fry and adult, with
a range in size from about 20 to 100 mm. (0.75 to
4 in.).
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Bait size.-Juveniles suitable for skipjack bait
range in size from about 38 to 51 mm. (1~5 to 2 in.) ;
howe.ver, on several occasions juveniles falling out
side this length range h:tve been used for bait..

Youug.-A general category that includes fry
and juveniles.

Adult.-Mature fish that are potential breeders
and are distinguished by the display of coloration,
especially by the males in the reproductive phase.
Larh>"er than 100 mm. (4 in.) in length.

The length measurement used in this report is
"fork length; that is, the length froin tip of the.
snout to ends of the middle caudal rays. Body
measurements (lengt.h and weight) were made in
both English and metric units during the early
phases of t.he investigation. However, all origi
nal measurements in English units have been con
velted to their equivalent in metric units, and
where applieable or when appropri'ate the Eng
lish units are given in parentheses. Reference to
plant fltciliti~s is either to the pilot plant con
structesl on the grounds of the Burea.u's Honolulu
Laboratory or to the Kewalo plant located at
the Kewalo Basin docksite.

We gratefully acknowledge the advice and sug
gestions given us by the Bait-fish Research Co
ordina,ting Commit.tee composed of biologists of
t.he Hawaii Division of Fish and Game, the Uni
versity of Hawaii, and the Bureau of Commerc.ial
Fisheries, Honolulu, and representatives of the
Hawaiian Tuna Boat Owners Assoeiation and the
Hawaiian Tuna Packers, Ltd.

CULTURE METHODS
REARING FACILITIES

Pilot Plant

Three redwood race\vay-type tanks, ea.c,h 5 feet
wide by 20 feet long. and 3 feet deep, with a ca-'
pacity of 1,400 gallons, were eonstructed on the
grounds of the laboratory in October 1956 (fig.
1). The floors sloped downward toward the out
flow end of the t.ank at the rate of 1 inch for eaeh
10 feet of length. The outflow, loeated in one
corne.r of the htnk, consisted of a removable.stand
pipe that slipped into a hole in the floor of t.he
tank and conneeted with a gate valve 'and drain
pipe on the outside. BatRe boards and a brass
screen encl~ed a triangular al.ea occupied by the
standpipe. The haffle boards were raised about

;~:~

, j

FIGURE 1.-A redwoo<l rareway tank at the pilot plant.

~ inehes above the floor. Thus, the outflowing
water was drawn from the floor of the tank and
aided in removing detrit.us from the tanks. The
brass screen prtwented the fry from being car
ried out through the drain. The inflo\v, sit.uated
on the opposite ~nd of the tank, was a faucet from
which fresh water from t.he Honolulu water sup
ply ;as dripped into the tn,nk at the rate of one
half to 1 gallon a minute. The tanks were given
a coat of aluminum paint before being used.

Initially, these tlll~ tanks were used as brood
or spawning tanks. 'Vith th~ onset of fry pro
duction in December 1956, it was necessary to
eonvert one of the tanks to a fry-re:!tring tank.
C.ontinued fry production created a 'need for more
rearing space. In June 1957', a. fotlrt.ll redwood
racewa,y-type tank, 30 inches wide, by 30 feet long
and 30 inches deep, with a capac.ity of about 1,250
gallons, was constructed adjacent to the other
tanks. Screens of fine-meshed Monel stretched
over square wooden frames were used to partition
the tank into six approximately equal compart
ments. Each compartme.nt had a siphon-t.ype
drain of plastic tubing. A standpipe drain was
plaeed at one end of the tank in the event tlU\lt the
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siphons clogged 01' failed. Each compartment
was served by a fresh-water tap.

In June 1957 we acquired 'a nUlulJe.r of surplus
assault boats from the U.S. Army, four of which
were installed at. the laboratory and used as brood
ltnd fry-rearing tanks. TIll~se undecked plywood
boats measured approximately 4: by 12 feet on
the bottom and eltch had a (',apacity of about 84:0
ga.llons. Although of very light construction,
they we.re fairly wnte.rtight for more than a year.
Water flowed in through a hose attached to the.
st.ern: the drain consist.ed of a plast.ic siphon at.
tached to the bow. Several I-inch holes were
drilled in one side of the square bow just above
the water line for controlled overflow if the siphon
faile.d. Figure 2 shows an assault boat convert.ed
int.o a fish-holding tank, while figure :~ illustl-ates
the plan of t,he pilot plant.

A filter system, consisting of a sand filter box
and a pump, was installed experiment~.uyon tank
2. It soon became apparent that the filter box
was not adequate and that. beaeh sand was in
appropriate as a filtering me<lium. Cleaning and .
backflushing of the filter was necessfi.l:Y two or
three times a week, requiring considerable time
and effOlt.. The sand was event.ually t'e.plaeed with
several layers of fine-meshed Monel Sel-een which. ,
was not a vCt:Y e:tfeetive filter but did remove large
amounts of leeal matter and other det.ritus. The
turbulence and the splash on the slJrfaee caused by
the water as it was returned to the tank under
pressure also increased the oxygen concentration.

~~
.. "; .:-.~.~

FIGURE 2.-An assault boat converted into a fish-holding
tanlt, Kewalo plant.

FIGURE 3.-Plan of the tilapia pilot plant.

Other minor modifications in the. pilot plaut in
cluded installntion of all aeration svstem and flood
lights 011 hmk~. The. neration ~ystem eonsiste.d- .
of n.n ail' compressor, a rubber ail' hose, and a pipe
(drille.d with hole.;;;) that. ran erosswise of the floor
in the center of the tank. Air was pumped
through this pipe and slowly ImQbled. through the
water in the tank.

Two 150-wu.tt projector floodlights were in
st.l1.lled on t.nnk 3, one at eac-h end, a.pproximately
5 feet. a.bove the surface of the water. It was
hoped, by dlly-and-night. illumination, to incre.ase
the algal content of the tank, which wa.s very low,
and also possibly increase the. produc.tion of
young. No ehanges were detected, however, and
the floodlights were removed after 3 months.

Kewalo Plant

In .July 1958. t.he redwood tanks (t.hree brood
tanks and one fry t.ank) at the pilot plant were
dismantled and reassembled 'at t.he Kewalo Basin
docksite. A filter system (fig. 4:), consist.ing of a
saml filter box 24 inc-.hes wide. by 26 inches long
and 18 inc-.hes deep and It pump, was attached to
each of the t.lllW. brood tanks. The fry tank was
modified by inereasing the width 10 inches and by
pa.rtitioning it with plywood sepa.ra.tors (instea.d
of screens) into six eompartments. Essentially,
each compartment was a separa.te tank with its
own drain and tap. A filter box, 30 inches on the
sides and 18 inches dee-p, and. a .pump were in
stalled to filter and to reeireulate the water.

The four assault-boat tanks at the pilot plant,
after being in use for about a year, were not worth
salvaging: Thirteen assault boats we·re removed
from storage and eonverted into 12 brood tanks
and 1 filter tank at the Kewalo plant. Drain
wate.r from the tanks was carried down a flume
to the sand-filter tank and pumped back to each
tank. All filter boxes contained a bottom layer
of erushed rock and a top layer of coarse bl~,ck
sand (voleanic cinders), which was found to be
much more effect.ive than the fine beach sand used
initially.
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FIGURE 4.-Filter amI pump 011 a raceway tank.

The general arrangement of the assault-boat
tanks and the redwood tanks is shown in figure 5.

STOCKING THE BROOD TANK.S

One of the first problems to be considered in
the operation of the pilot plant was what sex
ratio should be used when stocking the tanks.
Chen (1953: p. 6), working on tilapia in Taiwan,
stated that the proper sex ratio for propagation
purposes is one ma.Ie to a fema.Ie. Other investi
gators, however, reported that in mouth brood
ers, which group includes 1'. 'ln088ambica, the
female visits the spawning grounds only briefly
to extrude her ova and collect the fertilized eggs,
and then moves away or often is chased away
by the male. The male rema,ins on the spawning
ground to guard the JlEISt and immediately begins
to court other females. He is, thus, available for
and presuma.bly capable of fertilizing ova. from
a succession, of ripe females (Baerends and
Baerends-Van Roon, 1950; Lowe, 1955). Lowe
(p. 48) , with respect to the mouth brooders,
concluded that as ma.le fish can continue ferti
lizing over a long period, the number of eggs fert.i-

FIGURE 5.'--Tilapia tanks at the Kewalo plant after a heavy rain.

619359 0-62--2
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lized appears to be determined more by the num
ber of ripe females thltn by the number of males.

Taking advantage of this behavior to realize a
maximum production of young with a minimum
of brood stock, a ratio of 2 Ii : 1 et was tried initi
ally, with results that were considered to be suc
cessful. A later experiment at the 'pilot plant
m:ing a ratio of 5 ~ : 1 et yielded less-successful
results, as will be described later.

Another important consideration was the dene
sity of the brood stock or carrying capacity of
the brood tanks. Originally, it was decided to try
a total of 48 fish with about 1.9 square feet per
individual in one tank, and 96 fish or approxi
mately 0.9 square foot per individual in the other
two tanks, each with a sex ratio. of 2 ~ : 1 et
(table 1).

TABLE I.-Number of adults of eack Se:I: and space allow
imce per male and per indil'idual, in brood tanks at the
pilot plant

Bottom area (sq. ft.) Volume of
Number Number per- water per

Tank No. of of individual
. males females (cu. ft.)

Male Individual
---

L ______ ._. _. _._ ~ __ 32 64 2.8 0.9 1.92_ •• _. _. ___ •______ • 32 64 2.8 .9 1.93. _________________ 16 32 5.6 1.9 3.8

On October 12, 1956, the three tanks at the
pilot plant were stocked with adult fish aver
aging 20 em. (8 in.) in length and 150 g.
(5.3 oz.) in weight. These fish were supplied
by Hawaiian Tuna Packers, Ltd., and 'obtained
from Ewa plantation pond No.6. The initial
mortality among the brood stock was very low,
amounting to only three males and three females
the first 15 days after ·stocking. All casualties
were replaced. The exact number of adult fish
in each of the tanks varied during the course
of the test, however, owing to unobserved mor
talities, vandalism, and the recruitment of juven
iles that escaped dipnet.ting and grew to adult
size in the brood tanks.

The stocking of the Kewalo plant followed an
experimental design and will be discussed under
factors affecting reproduction, page 37. Stock
for the Kewalo plant was also obtained from
Ewa pond No.6. The males averaged 142 g.
(5. oz.) and the females about 113 g. (4 oz.) in
weight. No length measurements were made.

FEEDING

Many investigators have reported on the feed
ing habits of the various species of tilapia. Gen
erally, T. '/nossa71lbica. is considered to be omniv
orous (Schuster, 1952; Chen; 1953; Atz, 1954;
Panikkar and Tampi, 1954; Brock and Takata,
1955; Van Pel, 1955). Vaas and Hofstede
(1952: p. 35) stated that tilapia is herbivorous,
but will feed on planktonic Crustacea "if such
kind of. food is more plentiful than vegetable
food" and will show a preference for vegetable
food when a mixture of the two is present.

. Feeding of the brood stock at the pilot plant
was started immediately after stocking was com
pleted. Various types of commercial feed, such
as rice bran (powdered), millrun (powdered),
chicken starter mash (powdered and granules),
alfalfa pellets (%2 in. in diameter), pelletized
rabbit feed (%2 in. in diameter), and a pellet
ized pond-fish feed (%2 in. in diameter), were
tried to determine .which were most acceptable to
the fish. With a daily feeding rate of about 2 per
cent of the fish weight, we observed that finely
divided, unpelletized feed, such as rice bran, mill
run, and chicken mash, was not efficiently utilized
because of the small particle size.' The leftover
feed contributed to fouling of the tanks. The
alfalfa pellets and rabbit feed were also found
to be undesirable because of their high content of
indigestible fiber, which collected on the bottom
of the tanks and also caused fouling.

Early observations on the feeding habits of the
newly emerged fry indicated that they did not
respond to supplementary feed until about 2 weeks
after they were placed in the fry tank. The
fry grade of pondfish feed (granules) was fur
ther ground to a flourlike consistency .to accom
modate the very young. The larger fry and
juyeniles reared at the pilot plant were fed pond
fish feed in the crumble grade, which was slightly
larger than the fry-grade granules.

Except in feeding experiments, the brood stock
at the Kewalo plant was fed almost exclusively
on a prepared trout feed (developer grade, about
.lA, in. in diameter), which in a smaller particle
size was also fed to "the fry (starter grade, pow
dered; fry grade, granules) and juveniles (small
fingerling grade, crumbles). Table 2 gives the
composition, supplied by the manufacturer, of
the various feeds that were used.
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TABLE 2.-Guaranteed analyses (percent) of ingredients in
the feeds used at the pilot plant and the Kewalo plant

TABLE 4.-Am.ount (in pounds) of the feeds used at the
Kewalo plant

-.-------1·-- ---------------

-------1---------------

, Not less than.
, Not more than.

TABLE 3.-Amotmt (in pounds) oj the Jeeds tl8ed at the
pilot plant

10.4
SO. 05

7.0 . c _
14.8 _
14.0 _
13.0 . _

48.8
$0.04

Wheat
Mill· white
run middlings

7.0
14.8
14.0
13.0

73.5
$0.06

2.2 ._ . _
22.5 - __ . . _

__ •• _••••• . . 0.4
_____ ._. ._____ 1. 6
__________ 5.3
__________ 3. 1

0.2
1.6
2.51. 5 . ._._. __ . _

119.7
SO. 13

Trout feed

Rabbit
Fry and feed

Developer small
f1nge.rling

Month

Number ofpounds____ 751.8
Average cost per pound_ SO. 13

1958:
August•. 57.1
September•• _.____ liLA
October 107.6
November________ 93.1
December •• _

1959:
January • 40.5 1. 7
February_••• __ .• __ 42.0 I. 7
Ma'·ch_ •• 44.2 1. 7
ApriL____________ 22.5 5.2
May_.____________ 46.5 9.7
June_. • __ •• 45.0 20.8
July ~ __ .___ 51. 2 21.2
August .___ 68.5 22.4
Septem!>"r__ • 22._0 __29_._5 _--_--_--_--_-- _--_--_--_--_-- _--_--_--_--_--

-------1----------------

day on weekends. The amount of fee.d given to
the young varied with the number and size of fry
and juveniles.

FRY PRODUCTION

T. m.olJ8ll1nbica. repol'tedly first spawns. at the
age of 2 to 3 months and at a length of Bto 9 c.enti
meters. The frequency of spawning varies consid
erably, depending on environmental factors, and
ranges from 6 to 16 times a year (Chen, 1953;
Panikkar and Tampi, 1954; Chimits, 1955).
Chen reported that a spawning fish of about 8 em.
in length produces from 100 to 150 ova at each

. spawning, although at the first spawning it may
produce less than 100 ova. He stated further that
the number of ova spawned increases with succes
sive spawnings, so that a fish more than 6 months
of age may produce in excess of 1,000 ova per
spawning.

The developmental period of the ova is likewise
variable but, generally, the ova hatch after 2 to 5
days ·and the young are carried in the mouth of
the female for another 5 to 8 days before they are
released (Chen, 195:~; Panikkar and Tampi, 1954;
Chimits, 1955) .
. From the time of the initial stoeking at t.he pilot

plant, careful daily observations were made on
each tank to determine if young were being pro
duced. As no signs of young fish were seen for
ltbout 6 weeks, the three tanks were partially
drained and cle.nned on November 28-29, 1956.
Before the water level was restored in each tank,
the detritus on t,he bottom of the tank was ex-

'-'i:o' --'0:8" :::::::
7.2 7.0 • _
7.8 3.6 _. __ •__

3.5
8.9

11.6
12.2
15.0
18. 9
19.6
13.1
14.8
21. 5
14.0
11.4

25.0 •••• _. • __ ••••••• _•• _•••
50.8 • • •__ •• • __

4.0· 3.5 ------ ------- 44.0 ----.- .

2.5 5.5 9.0 ------- 44.0 12.0
3.0 4.0 5.0 ------- ------. 13.0
3.0 10.0 6.0 ------- --_. -~- 14.0
2.5 21. 0 10.0 3.0 .------

2.5
8.8

16.0

Pondflsh reed Alfalfa
Rice Chicken Rah-
bran mash hit

Pellets Crum· Pellets Meal reed
bles

Month

~~%~:~nrii.as-ti~~::::::::: :J::8 --4:0- -'-4:5' --7:5- ::::::: ::::::: :::::::
AJ[aJ[a~lIets •__ 15.0 2.0 28.0 12.0 • 35.0
Pondfts [eed 30.0 4.5 6.0 •• 28.0
Trout reed:

Developer. •. 2~.0

Start.er. Cry, and
small IIngerllng_.. _ 40. 0

Wheat white mlddlings__ 13.5
MilIrun_____ _ 12.0
Rabbit [eed. . • __ 16.0

The brood stock at both phmts was fed once
a day, usually at midday. There were periods
during the operation of botl~ plap.ts when the
adults did not feed readily, and during these
timeljl smaller portions were supplied to the fish.
This apparent lack of interest in feeding is prob-·
ably associated with the mouth-brooding -habit of
the female.

The amounts of the various kinds of feed that
were supplied to the adults and young during op
el'at.ion of the pilot plant and the Kewalo plant
are given in tables 3 and 4. The fry were usually
fed twice a day during weekdays, once in the
morning -and once just after midday, and once a

Added Nitro·
Pro- Fat I Fiber' Ash' min· gen[ree Mois·
tein I erals , ex· ture ,

tract I

1956:
October........ 2.5
November_ •• _. __ • _
December•••••• 22.0

1957:
January________ 23.3 •• _•• 11.0
February ,_.,_, •• _•• 26.0
March. •• __ • .______ 31.0

tFa~I.-.:::::::::::::::: ::::::::: GY:8
June_. •• • __ •••• 31.5
July. ._._•••••• 30.0
August. • .______ 8.0 30.0
September. •• ._ 15.2 30.0
October. • •• 14.0 31.5
November •• _.___ 36.8
December ... __ •• _•• __ ._ 46.0

1958: I
January. ••• 50.0 0.1 0.5 __ • •• _. __
February __ •• __ ••• • •••• 38.5 0.1 ••• _. _
March __ • • __ • • 42.6 4.8 __• • . _
AprIL • __ •• __ • __ •• __ 40.4 6.0 __• •• _
May • .______ I. 4 3.5 •• _•• __ 44.2
June ._ •• • • •• __ 2.3 __• • •• 45.0
July., • • • ._. __ • 1.2 __ • ••• 25.0

---------------------
Number of pounds_ 47.8 M.5 613.5 182.5 16.5 11.4 114.2
Average cost per

pound. •• __ $0.04 *l.05 $0.17 $0.27 $0.04 $0.04 $0.06
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ltmined for signs of ova and young. The females
were also examined to sec if ova 01' young were
being carried in the mouth. It was noted at this
time that all the brood stock appeared in excellent
eondition but there were no signs of spawning.

On Deeember 5, 1956, one-half eubic yard of
white beach sHnd was p1a.cf'd in two of the brood
tn.nks (t.anks 1 and 3), covering the. bott.om to a
dept.h of about 3 inehes. It. was our original in
tent.ion to determine if the t.ilapia would spawn on
t.he bare floor of the tanks, which seemed probable
in view of Chen's (1953: p. 7) observation that.
tilapia were seen spawning successfully in a gar
den pond with a concrete bottom.

Good evidenee of exeavltting and nest-liuilding
was not.ed the next morning following plaeing of
the sand, and the. nests continued to increase in
number during the next few days until they oeeu
pied at least two-thirds of the sandy bottom. Two
wee.ks after the sand was placed in the tanks, the
first young were notieed on the surface of tank 1.
The young were removed and subsequently placed
in tank ~, which was drained and converted into
a fry tank. Six days later, tlle. fish iil tank 3
started to produce young.

During the. draining of tank 2 in preparation
for conversion into a fry tank, one large male was
observed carrying six yolk-sae fry in its mouth
cavity, although in this species the female is sup
posed to brood the young. This behavior wus
also observed by Vaas and Hofstede (1952), who'
reported that the male incubated the ova in ex
ceptional cases. Further evidence of spawning
was found in tank 2, where many ova and yolk
sac fry were seen widely seattered on the. otank
floor. It was our supposition that the adults had
be.come excited as the water level dropped and
ejected the. ova and fry.

At the Kewalo plant, where all the brood tanks
were supplied with sand, fry production started
11 days after the tanks were stocked. Further
data on fry production at the Kewalo plant will
be presented later in this report, together with the
results of the various experiments.

FRY COLLECTION

Newly hatched fry of T. Jno88a.lnbica. measure 5
millimeters in length, 5.8 mm. on the seeond day,
and 8.0 mm. at. th~ end of the fifth day. On about
the fifth day, they begin to spend less time in the

mouth of the female or leave it altogether and
swim about hi a tight school 11ear the surfaee. of
the water, feeding on tiny food particles (Panik
1mI' and Tampi, 1954). This behavior of the fry
made their capture by dipnetting a relathrely
simple process. Another behavior pattern that
became evident to us through daily observation
was the tendency for the fry to eongregate along
the walls of the tank, especia.Ily in the eorners a-nd,
at. t.imes, directly under the. inflowing water.

At both plants, the young emerging each day
were captured with a fine-meshed dipnet and
counted as t.hey were relea-sed into the fry tank.
Although our da-ily netting effort varied some
what in efficiency, as indieated by the different
sized young netted, the method proved to be quite
eft'eetive as evidenc;.ed by the few juveniles that
were removed from the tanks when they were
drained.

Early in t.he operation of the pilot plant, the
displacement and weight methods for assessing the
daily production of young were eonsidered, but.
both had major drawbacks for enumerating the
very smull tilapia fry. 'Ve eoneluded that only
by an aetual eount could we obtain the. aecuraey
desired.

In August 1957, It shelf-colleetion met.llOd of
eapturing young was invest.igated at the pilot
plant. This method was originally the idea of
biologists of the Hawaii Division of Fish and
Game who observed that tilapia fry tended to con
gregate in shallow water near the edge of the
ponds. Consequently,' it was hypothesized that if
the fry had sha-llow water available to them along
the walls of the brood tank, perhaps their eapt.ure
would be simplified.

A. redwood shelf, running the length of the in
side wall just below the waterline,· was installed
in tank 1. The water level in the tank was main
tailled so that the outer edge or lip of the shelf
was ordinarily about one-half inch below the sur
faee. The water over the shelf eould be drained
through a hole in the wall of the. tank and the
young fish eaught in a. net.

Comparison of the number of fry eolleeted from
the shelf with that. collected elsewhere in the tank
by dipnetting indicnted that. the shelf was effec
tive in tl1l:' remQval of only about % pereeilt of the
fry that emerged daily. Further, many of the fry
congregated under the shelf, rather than over it.
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In view of t.he result.s that were obtained, the shelf
collect.ion method was abandoned.

FRY REARING

As fry production increased, it. became. a serious
problem to provide suffident spltee for the young
fish. Initially, the fry were placed in one large
fry tank. After a few weeks, cannibalism became
widespread: the juveniles re.adily devoured the.
newly collected fry when they were t.ransferred
to t.he fry tank. As a remedy, removable frames
covered with fine-meshed Monel screen were in
stalled in t.he t.ank dividing it. into three compart.
ments. The. fry and juveniles could then be segre
gat.ed by age and size.

Wit.h the const.ruction of a new fry tank with
six compartments and the acquisition of four a.s
sault-boat tanks at the pilot plant, additional
space for rearing the young was available. The
procedure' became standard to place the fry in the
fry talik for about 4 to 5 weeks, after which time
they were transferred to assault-boat tanks.

When fry were removed from the brood tanks,
they usually ranged in size from 7.8 to 13.6 nun.,
with the average about 10.8 nun. Of a total of 154
fry ranging from 7.8 to 10.3 mm., about 26 percent
carried remnants of t.he yolk sac. The newly col
lect.ed fry, as mentioned earlier, generally paid lit
tle ·01' no attention to the prepare.d feed when first.

. offered it and only t.ook it after about 2 weeks in
the fry tank.

Vaas and Hofstede (1952) observed t.hat young
tilapia fed on diatoms, unicellular green algae,
small Crustacea, and periphyton. Varying num
bers of these organisms were present in the tanks
and undoubtedly constit.uted a major port.ion of
the diet of. the fry during their first few weeks
of life after absorption of the yolk sac. The feces
of the young fry were usually bright green, in
cHeating that algae were a +major constituent of
their diet..

The necessity of utilizing all fry-rearing space
available during periods of heavy fry production
occasionally forced us to overcrowd the fry tank
and frequent.ly resulted in an outbreak of disease.
A criterion for determining when an overcrowded
condition existed was difficult to formulate, but
through experience we arrived at what we 'con
sidered an optimum stocking density. The gen
eral plan was to stoc.k the fry-tank compartments

with approximately 200 fry per square foot of sur
fac@ aren and crop each compartment at frequent
intervals, removing the larger, faster-growing in
dividuals; i.e., fish that were 20 mm. (0.75 in.) or
larger. In this manner, cannibalism and disease
were kept to a minimum. Also, through the neces
sity of occasionally overcrmvding the juveniles in
the ass:tult.-boat t.anks, we learned that t.hey were
much more tolerant to crowding than were the fry
and also that. they were afflict.ed less frequently
with ect.oparasites.

The most crit.ical periocl for the fry appears to
be the first 4 to 5 weeks of life, for it. is in this
period t.hat the fry are most susceptible to in
fe.ctious diseases and ect.opamsitic infestation.
Proper sanitary condit.ions in the t.anks and ad
herence t.o an optimum stoc.king density for n
given area seem to be the t.wo most important
factors determining survival and subsequent
healt.h of the fry.

LENGTH-WEIGHT RELATION OF YOUNG

During' the operat.ion of bot.h plants, it was
frequently necessary to estimat.e the size and
quantity of young fish on hand. In orde.r to have
a convenient means of conve.rting length into
weight and vice versa, the length-weight relation
for tilapia 17 to 73 mill. in le.llgt.h ,vas determined
from body measurements of 109 fish. The. loga
rithmic fonnula for the expression of this reia-.
tionship is

log W = 3.088 log L - 4.8935
where lV is the. weight. in grams and L is the
length in millimeters. A curve demonst.rating the
length-weight relat.ion is shown in figure 6.

WATER-QUALITY DETERMINATIONS

Some chemical det.erminations were made
routinely once each week. Only oxygen measure
ments were made at t.he pilot plant; but at the
Kewalo plant., additional propert.ies, such as free.
carbon dioxide, bic.arbonates, normal" carbonates,
and hydrogen-ion eoncentration were also meas
ure.d weekly in selected t.anks.

Oxygen Content

Determinations of dissolve.d o~yge.n in the brood'
and fry tanks were made by the modified 'Vinlder
method. Analyses were made once a week at
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Hydrogen-Ion Concentration

Determinat.ion of hydrogen-ion concentrat.ion
was made by the coloi-imetric met.hod at the t.ime
the oxygen samples were drawn. The pH values
of the tanks that. were sampled (appendix tables
6-8) ranged from 7.3 t.o values exceeding 8.8 (the
color st.andard used at fil'St. could measure pH
only to 8.8). It was expected that. the pH in our
t.anks would remain on the alkaline side, since
city wat.er (pH range, 7.9 t.o 8.3) was used and,
with'the exception of -the fry tank, the tanks con
t.ained a 3- t.o 4-inch layer of calcareous beach
sand.

maximum and minimum temperatures correspond
ing very closely to the maximum and minimum
concentrations of oxygen.

Vaas and Hofstede (1952) st.ated t.hat. T. 11W1J

1J((.mbi~a has a high mehtbolic rate compared with
carp, and that oxygen is .consumed and carbon
dioxide liberated in large quantities within a short.
time by t.he species. They also found that when
oxygen t.ension is low, espec.ially during the morn
ing, the fish concentrate. 'at t.he surface of tJle water
suspended in a diagonal position, sucking in t.he
well-ae.rated water of t.he surfnce layer with wide
open mouths.

It is suspected that. some of ,t.he mort.alities
among the adults at bot.h plants were associated
with an insufficient amount of oxygen. In tank
3 at the pilot plant, ,deaths occurred pei'iod-ically
for about 2 months in the Bummer of 1958. Dur
ing this period, the oxygen minima occ-UlTing in
the early morning were consistently low, averag
ing only 0.38 mI./I. Of the 10 adults that died
during t.his period, 9 were large malesavel'a.ging
29 cm., and the single female was 23 cm., pe.rhaps
indicating the greater suscept.ibilit.y of the larger
tilapia to low oxygen concent.rat.ion.

Since our purpose in sampling oxygen was, pri
ma.rily to monitor environmental suitability, we
have not attempt.ed to relate t.he dat.a to fry pro
duct.ion, except. in the heat.ing experiment, where
low oxygen concent.rat.ions were believed t.o be as
sociated wit.h the poor fry produc.tion. From t.he
dat.a it appeal'S that, in most. inst.ances, the mini
mum or near-minimum oxygen concent.ration in
the sampled tanks was sufficient to sustain the
tilapia.
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FIGURE 6.-Length-weight relation for tilapia 17 to 73
mm. in length.
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about. t.he same liour each time t.o obt.ain a, general
rec.ord of t.he variation in oxygen content of the
water (appendix tables 1, 3, 4, and 5). In It 24
hour series (with sampling at hourly int.ervals)
obtained at. t.he pilot plant November 12-13, 1957,
we found It marked diurnal change in the con
cent.rat.ion of oxygen in t.he tanks, the minimum
eoncentration occurring at. about. daybreak and
the maximum ronce.nt.rtttion at. about midafter
noon ffig. 7;,nppendix table 2). The maximulll
concentration was certainly t.he result. of phot.o
synthesis by the algae in t.he tanks, and the mini
mum was caused by respiration of both algae and
fish. Water temperll,tures in t.he tanks showed
a similar diurnal variat.ion, with the occurren~of
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The hydrogen-ion concentration and its signifi
cance to aquatic organisms has been relegated for
some t.ime to a minor position by many investiga
t.ors (Welch, 1935; Odum, 1959) . Itmay possibly
be a limiting factor to some organisms, however.

Free Carbon Dioxide

Analysis of the amount of free carbon dioxide
in the tanks was st.arted at the Kewalo plant in
February 1959. The samples were drawn im
mediately 'after those for the oxygen determina
tion had been drawn and fixed. The amount of
fre.e carbon dioxide present was approximated by
titration of a 100-mI. sample to .the phenolphtha
lein endpoint wit.h 0.02 N sodium hydroxide.

Welch (1935: p. 175) stated that carbon dioxide
is one of the most important substances in the life
of organisms, but that it should be present olily
under suitable· circumstances and in proper
amounts. He st.ated further that a small amount
of carbon dioxide appears to be essent.ial for
aquatic animals. Doudoroff (1957) re.garded free
carbon dioxide concent.rat.ions between 100 and'
200 p.p.m. as fatal.to moderat.ely suscept.ible fresh
water fishes; also, that exposure to concentrations
bet.ween 50 and 100 p.p.m. causes immediate dis
t.ress and may be let.hal if the exposure is pro
longed. He 'not.ed that even in polluted waters
free carbon dioxide. coneentrations rarely exce.e~

20 p.p.m.·
Throughout the perio~ of sampling at the'

Kewa:l6 plant, the free earbon dioxide concen
tration (appendix tables 9 and 10) was never
found to be in excess of 16.2 p.p.m. No at.tempts
were made to det.ermine a relation between carbon
dioxid.e eoncentrations' and fry produetion. Our
routine observations were made primarily t.o de
t.ec.t excessive' amounts of free carbon dioxide in
the brood and fry tanks.

Alkalinity

Chemical analyses of the water in the tanks at
the Kewalo plant included determinations of total
biearbonat.e and carbonat.e alkalinity. A 100-mI.
sample was titrated with .. 0.02 N sulfurie acid
against the phenolphthale.in and methyl orange
endpoints.

Alkalinity directly infl.uenees the. biologieal pro
dueti:vit.y of a body of water. The carbonates. and,
bicarbonates, which are in close. chemieal com
bination with carbon dioxide, are utilized by algae

(Welch, 1935), and also ~ct as buffers by keeping
the hydrogen-ion eoncentration close to the neu-
tral point (Odum, 1959). .

Our alkalinity determinations (appendix tables
8 and 10) were' made primarily to gain a general
knowledge of t.he type of water present in the
t.anks, as soft water has a smaller supply of these
ions and, therefore, is less productive.

MORTALITIES

Among the Adults

Observed mortalities among the brood stoek
amounted to 31 males and 11 females at the pilot
plant. and M m/tles and 56 females at the Ke~alo

plant. The dead fish were earefully exammed
and deaths were usually attributa.ble t.co one of
the following factors: Rough handling, disease,
asphyxiation and, possibly, hydrogen sulfide
poisoning. '.

While it might have been pOSSIble to reduce
Illortalities by using more care in handling fish
and by proper treatment of diseased fish, it was
not always possible to prevent mortalit.ies caused
by asphyxiat.ion, since many factors contributed
to the oxygen concentration in the tanks.

The heaviest mortality to occur in a single day
among the adults was experienced at the Kewalo
plant. A total of 7 males and 29 females. ~as
found dead in the two brood tanks contammg
brackish water (salinity-spawning experiment)
and the deaths were believed to have been eaused
by either asphyxiatiQn qr hydrl?gen sulfide. FaiI~t

odors of hydrogen sulfide gas were detected m
t.he brackish-wate.r tanks for several days before
the mortalities occurred, and, undoubtedly, this
O'as was one of the contributing faot.ors, if not thet:>

deter-mining factor in the deaths. The tanks were
not drained Rnd cleaned at the time hydrogen sul
fide 'was first detected in the. tanks, howeve.r, be
cause the experiment was to be terminated within
a few days.

Among the Young

. Many factors contributed to the loss of young
fisll, chief of which was disease, with deaths from
handling judged to be of seeondary importance.
At the pilot plant, the observed mortality in the
fry tanj.{ amount.ed to 34,784 fish, while juvenile
deaths totalled 4,523 fish. Although the total ob
served mortality among the young amounted to
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15.5 percelit of the 253,548 fish produced, the un
observed mortality (difference between net pro
duction and observed distribution and losses) was
much 'higher, amounting to an estimated 42,900
fish or about 17 percent of the total production.
The causes for these unobserved losses were dif
ficult to assess, but presumably can be attributed
to a variety of factors: vandals entering the plant
and removing unknown quantities of fish; loss of
fish through the drain; predation by dragonfly
nymphs; and cannibalism. Davis (1946: p. 9) in
reporting on "uncounted morta.Iity" in trout
hatcheries stated that this was due "either to im
proper construction of the raceways, so that many
of the fish are able to escape; to the attacks of
enemies, .such as fish-eating birds; or to
cannibalism."

At the Kewalo plant, obse,rved mortalities
among the young amounted to 44,600 fish or about
13 percent of the 347,700 fish produced.

DISEASE PREVENTION AND CONTROL

Prevention and control of fish diseases and in
festation of parasites are important factors in the
success of any type of fish-rearing program. Fish,
like other animals, are subject to a wide variety
of infectious diseases and parasites and seem par
ticularly susceptible in an unnatural or artificial
environment.

Several outbreaks of disease or parasitic. infesta
tion 'were observed among tilapia at both the pilot
plant and the Kewalo plant. All dead fish were
examined microscopically for signs of unnatural
conditions, sueh as mucous film or irregular
blotehes on the body and unusual blisters or
swelling. When sick fish were observed in the
tanks, similar examinations were made on their
external surfaces, gill region and, on occasion,
the gastrointestinal tract. It was not alwa.ys pos
sible to distinguish between losses from diseases
and from other causes, a1t.hough in many instances
of high mortality rates pal'll,sites were seen and
identified to genus. Several excepti.ons occurred
when the eause of high mortality rates among the
fry could not be determined by isolation of any
causative organism. By carefUl observation of
symptoms, it was possible on a few occasions to
restrict the probable cause of death to a virus
infection. In general, the fry, juveniles, and
adults were susceptible to infection in that order.

Trichodina spp..

Infestation by the eetoparastic triehodinids, con
sidered one of the most highly specialized proto
zoans, was the. most common malady among adult
and young tilapia, with infestation along the
dorsal fins, dorsal region of the caudal peduncle,
and gill region be.ing most prevalent. Tilapia
with trichodinillsis were sluggish, showed loss of
appetite, had a reddish tinge on the skin in the.
ca.udal-pe.duilele re.gion, and, in some instances, in
and around the region of the dorsal fins, they had
white blotches accompanied by a fraying of these
fins.

According to Davis (1953: p. 2~0), TJ'ldwdl:na
is very easy to control. We used several recom
mended treatments such as salt (1.23 percent),
acetie acid (1: 500), formalin (1: 4,000), pyridyl
mercuric acetate or PMA (2 p.p.m.), copper sul
fate (0.5 p.p.m.), and potassium permanganate
(3 p.p.m.). All of these reagents proved effective
in eontrolling the disease; however, as more ex
pelience was gained, we· found that potassium per
manganate was the most suitable, since it was
exhausted after a period of time and the. treated
tank did not need to be flushed, as was required
with the other chemica.ls.

Chilodon spp.

Only a few outbreaks of disease were attribut
able 00 this protozoan, a common ectoparasite. of
warm-water fishes. Davis (1953) states that this
organism may be very destructive. to fish crowded
in small holding "tanks or ponds and has been
known to cause serious .losses among trout
fingerlings.

On a number of occasions, both adult and young
tilapia were found to be infested with this para
site. Areas infested were usually the dorsal
and caudal fins and along the dorsal surface of
the fish, especially near the base of the dorsal fins.
Very frequently, trichodinids were. also present.

Treatment to rid the fish of this parasite was
usually with potassium permanga.nate or with
PMA, although the £onner was used more ex
tensively because of its e.ase of applieation.

Infectious Pancreatic Necrosis

Infectious pancreatic necrosis, until reeently
known as acute catarrhal enteritis (Lagler, 1956;
Snieszko aml Wolf, 1958), was the most serious
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affliction of young tihipia. Outbreaks of the dis
ease caused high mortality rates among fry about
2 to 3 weeks old, soon after they had started sup
plementary feeding. Symptoms characteristic of
this disease were violent whirling or corkscrewing
accompanied by rapid breathing. The afflicted fish
usually exhibited a series of these whirling move
ments, then sank to the bottom of the. tank and
stopped feeding. Cessation of feeding caused
many of the fry to have a "pinhead" appearance,
that is, a large head and shrunken hody.

These symptoms are similar to those described
for octomitiasis, commonly called whirling disease
or pinhead condition (Lagler, 1956; Davis, 1953;
Snieszko and Wolf, 1958). Octomitiasis is caused
by the protozoan Octomltu8 8abno'fl.i8, which oc
curs in the intestine eit.her in the flagellated form,
when the condition is chronic~ or in an intracel
lular stage, when the.disease is acute. Theetiology
of infectious pancreatic necrosis, on the other
hand, is still in doubt, although it has been re
ported as probably caused by a virus (Lagler,
1956; Snieszko and Wolf, 1958).

All of the symptoms noted here were observed
in one particular outbreak of disease at the pilot
plant. Dissection and examination of the stomach
and ant.erior intestine of six afflict.ed fish revealed
that only one fish had a protozoan in the intestine.
All of the others appeo,red normal internally. On
the o,ssumption tho,t this disease was probably
octomitiasis, we started immediate treatment with
Carbarsone (p-Ureidobenzene arsonic aeid) at the
rate of 1 gram per pound of food (Do,vis, 1953).
The morto,lity rate decreased appreciably in the
next few days following treatment and 1;>y the end
of the tenth day had been reduced to a low level.
Although Carbarsone seemingly effected a cure, we
are hot certain that Octomi&u8 was the causo,tive
organism, since the protozoan was not positively
identified. It might possibly have been infectil;>us
pancrea,tic necrosis, or o,n acute infection of
octomitiasis caused by the intracellular stage of the
flagellate, or a, combination of the two. Snieszko
and Wolf (1958) state that many cases diagnosed
as octomitiasis are in reality infectious pancreatic
necrosis. Careful microscopic examination is
necessary for correct dio,gnosis.

Subsequent periodic outbreaks of infectious
pancreatic necrosis were definitely identified by
examination of the stomach o,nd anterior intestine

819358 o-ez--a

of diseased individuals. In most instances these
organs were distended and filled with a, colorless,
opaque fluid, indicating a stoppage of bile flow..
As there is no known effective therapy for this dis
ease, the usual procedure. was to treat the fish with
potassium permallganate at a concentration of 3
p.p.m. to prevent. second:try infection of t.he. weak
ened fish with ectoparasites and t.o observe strict
so,nitation measures. In this way, we believe that
most of the disease outbrettks were kept localized.

Mortality mtes among the. fry were usually
highest. during the first week after an outbreak and
gradually subsided during the following 2 to 3
weeks. The most serious outbreak of disease oc
cm'red at the Kewalo plant soon after it was in
operat.ion. A succession of infections that sprea,d
among the newly emerged fry caused an estimated
loss of about 80 percent of the 146,776 fry produced
ill a 3-month pe.riod. The disease was controlled
after 10 weeks.

Prophylactic Measures

Despite knowledge that the density of fish is
extremely import.ant ill relation to the outbreak
and spl'elt.d of disease; we tended to overcrowd
our tanks on occasion. Since the amount of fry
rearing facilities was limited, it was impossible
to avoid overcrowding during periods of heavy
fry production unless we discarded some of the
young fish. Our records indicate that several of
the disease o.utbreaks were directly associated with
periods of high production. Whenever an over
crowded condition existed, we made every effort
to prevent disease outbreaks by increasing the
rate of the inflowing water, by cropping the fry
tank compartments frequently, and by observing
strict sanitation.

Effective prophylactic measures are probably
of greater import.ance than control me.asures ill
successful fish culture. Potassium permanganate
was periodically added to the water as a. prophy- .
lactic measure and, wheh eonditions permitted,
tanks whieh held any diseased fish were
thoroughly scrubbed with a brush, refilled with
water, and copper sulfate or formalin was added
in high concentration. The environment thus
created was believed unfavorable to whatever
ectoparasites may have remained in the tank after
the scrubbing.
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I No data; thennograph out.of order.

TABLE 6.-Fry produced in tank 1, per female and month,
at the pilot plant, December 1956-July 1958

TABLE 5.-Average minimum and manmum temperature8
(0 F.) in tanka 1 and 3 at the pilot plant

1 Because of mortalities and transfer of fish, the number of females used to
calculate the production per female is based on the number of females that
were present In the tank for more than 2 weeks.

Average temperature Average temperature

Tank 1 Tank 3

Minimum Maximum Minimum Maximum

. Month

light green to dark brown. Improvement in
water circulation in tank 3, resulting from aera
tion and slight heat.ing.of t.he wate.r, was sufficient
to produce a significant increase in fry produc
tion during March 1957. Tables 6 and 7 give
the- production per female per month for these
brood "tanks (tank 2, which was later converted
t.o a brood tank in August 1957, was similar in all
respects to tank 1).

19S7:
January_•.• __________ 70.8 75.6 70.1 75.5
February. __ • ________ 69.8 75.2 68.6 75.2March. __ •________ •__ 71.3 78.0 69.8 78.2
April ••••••_. ________ 71. 3 78.0 71.2 78.9May______ •__________ 72.8 81. 3 73.2 81. 3June____________ •___ • 74.7 82.3 76.6 82.5
July___________ •••• _. 74.9 83.3 76. 5 82.2
August___ • ______ •___ 75. 7 82.6 75.6 81.1
September___________ (I) (I> 76.0 81.9October______________ <') <'l 75.2 80.3
November___________ 72.8 77.0 74.2 78.2December____________ 70.3 74.5 70.7 74.4

1958:January_____ •________ 69.9 74.9 70.2 74.0
February. ___________ 70.6 76.7 70.7 75. 7March _______________ 70.8 77.3 70.8 76. 2

~~--~~=============
72.7 79.6 71.6 78.1
73.7 80.1 72.8 77.8June______________ •__ 75.6 82.9 73.8 79.5July_________________ 75.4 82.6 73.9 79.2

Brood stock Number of fry
produced

FeedMonth

Males Females Total Per
female I

-----
1956: December_ 32 64 578 9.0 Chicken mash and rice

bran.
1957:

January_____ 32 64 4.498 70.3 RIl'e bran.
February___• 32 64 2,107 32.9 Pondflsh feed.
March ______ 32 64 6.433 100.5 Do.
~rIl----.--- 32 64 4.000 63.3 Do.ay________ 32 64 20.297 317.1 Do.
June________ 31 64 6,146 96.0 Do.
July. ________ 31 64 20.910 326. 7 Do.
August______ 31 64 18.520 269.4 Chicken mash.
September__ 31 64 7.743 121. 0 Do.'
Ootober_____ 31 64 4.169 65.0 Do.
November__ 29 64 188 2.9 AlCalCa pellets and

pondflsh feed.
December___ 31 64 409 6.4 Do.

1958:January_____ 19 69 0 0.0 Pondfish feed.
February____ 22 61 143 2.3 Do.
March______ 19 58 48 0.8 Do.
ApriL______ 19 58 1,418 24.4 Do.May________ 17 58 10.701 184.5 Rabbit pellets.
June________ 17 58 9,158 157.9 Do.
July_________ 12 58 6,172 106.4 Do.

FACTORS AFFECTING FRY PRODUCTION

In commercial bait-rearing operations, it is nec
essary to obtain maximum production and sur
vival of young from a minimum-sized brood stock.
Insofar as possible, optimum conditions of tem
perature, salinity, food, sex ratio, and brood-stock
density are maintained. Some preliminary infor
mation was obtained at. the pilot plant and more
det.ailed information at the Kewalo plant on the.
importance of t.hese factors.

TEMPERATURE AND SPAWNING

Fry production started in December 1956 at the
pilot plant, und by mid-January 1957 it was appar
ent that the brood stock in tank 3 was not as
productive as that in tank 1.

Environmental conditions in the two tanks dif
fered in several respects. The water tempera
ture in tank 3 averaged 1° to 2° F. cooler than
in tank 1. This difference probably arose from
the fact that tank 3 was shaded by trees and a
storage shed most of the day, whereas tank 1 was
situated in more open surroundings and received
more hours of direct sunlight. In an attempt to
eliminate the temperature difference., the water
entering tank 3 was piped through a 100-foot
length of black, three-fourths-inch, garden hose
that was stretched across the roof of the storage
shed. .On sunny days, the temperat.ure of the
water flowing into tank 3 was raised as much as
5° to 10° J;? and the temperature of the water in
tl1e tank to about the same level as in tank 1
(table 5).

A second major difference between the tanks
was the consistently lower oxygen concentration
in tank 3. This condition probably accounted
for the dead yolk-sac fry that were frequently
found in the detritus siphoned from the floor of
the tank. Aeration· brought about a significant
increase in the concentration of oxygen in tank 3
(appendix table 1).

The pattern of water circulation was also dif
ferent in the two tanks. The flow of water from
inlet to outlet in tank 3 opposed the prevailing
wind while that in tank 1 was in the direction
of the prevailing wind. The resulting circulation
pattern kept t.alik 1 relatively clean and t.he water
usually green with algae, while t.ank 3 had much
detritus and generally st.agnant water. The
(',0101' of the water in tank 3 varied from clear to
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TABLE 7.-Fry produced in tank 3, per female and month,
at the pilot plant, December 1956-July 1958 "

Brood stock Number of fry

Month
produced

Feed

Males Females Total Per
female I

-------------
1956: December_ 16 32 69 2.2 Chicken mash and rice

bran.
1957:January_____ 55 93 0 .0 Rice bran and pondflsh

feed.February____ 31 63 374 5.9 Pondftsh feed.March ______ 31 63 1,278 20.3 Do.ApriL______ 31 62 8,322 134.2 Do.May________ 31 62 13,685 220.7 Do.June________ 31 62 9,290 149.8 Do.July_________ 31 62 14,197 229.0 Do.August______ 31 62 9,327 150.4 Do.
Beptember __ 31 62 2,621 42.3 Do.October_____ 31 62 1,769 28.5 Do.
November__ 31 62 1,294 20.9 Do.
December___ 31 62 274 4.4 Do.

1958:January_____ 31 62 32 .6 Do.
February____ 3D 61 147 2.4 Do.March ______ 29 61 213 ' 3.5 Do.AprlL______ 29 61 566 9.3 Do.May ________ 29 61 3, 205 52. 5 Rabbit pellets.
June________ 28 61 78 1.3 Do.July_________ 20 60 92 1.5 Do.

I Because of mortalities and transfer of fish, the number of females used to
calculate the production per female is based on the number of females that
were present in the tank for more than 2 weeks.

A second experiment in which the effect of tem
perature on production of young was examined'
was conducted at the Kewalo plant from J anu
ary to August·1~59.

For tilapia to be most useful as a supplementary
skipjack bait, there must be a stoc.k of bait-size
fish on hand in Mayor June, at the beginning of
the main fishing season in Hawaiian waters.
To achieve this, heavy fry production must be
under way by !lite winter. Brock and Takata
(1955: p. 24) reported that tilapia spawn through
out the year in Hawaiian waters, but that the
spawning is less intense during the winter months.
Consequently, an experiment was conducted at
the Kewalo plant to determine if raising water
temperatures would induce tilapia to spawn at a
high rate d~lring the winter months. Three red
wood tanks (tanks 13,14, and 15) were arranged
as follows for the experiment:

1. Tank 13 was not modified in any way and
served as the control.

2. The water in tank 14 was artificially heated
with a 60-foot, lead-sheathed" heating ~able rated
3.63A-115V, that produced 400 watts, or 6.7 watts
per foot. A thermostat with a capillary tube was
placed in the tank to control the temperature. A
cover made of sisal-glaze, a clear, longlasting
plastic, was placed over the tank (fig. 8) to pre
vent excessive heat loss, especially at night.

FIGURE S.-Plastic cover over artificially heated tank 14.

3. The water in tank 15 was also artificially
heated with the same type of heating cable. used
in tank 14, but the tank was not covered to pre
vent. heat loss. "

Each tank was stocked with 32 males and 64
females and fed trout feed. Emerging fry were
collected and counted daily. The daily variation
in water temperature was recorded "by thermo
graphs and minimum and maximum thermom-
eters. .

The production per female per month and the
average and range of minimum and maximum
temperatures for each of the three tanks are re
corded in table 8 and shown graphically in figure
9. In January, tank 14, whic,h was modified with
heating cable and cover, had relatively better pro
duction than the other two tanks. In February,
artifieial heating was started in tank 15, and re
sulted in a marked increase in production compa
rable to that in tank 14. Production was still low
in the control tank. In March, with rising air
temperatures the water warmed in all three tanks
and product.ion increased in all; however, the in
crease in the slight.ly warmed bmk 15 greatly ex
ceeded thn.t in the other tu.nks. Temperatures re
mained about the same in' April, but production
drol)ped, pltrticuhtrly ill tanks 14 and 15. With
higher temperatures in May, t.he control tank
maintained its slight. lead over t.ank 15, and dur
ing the last 3 months of the experiment, it out
produced the two artificially heated: tanks by a
significant margin. Over t.he course of the experi-

"ment, tota.l fry production in tank 13 (control)
was about twice that in the other two tanks.



36 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

[Temperatqre 0 F.]

TotaL 37.847 .._•••••.• ------ •• ----.--- -------- --------

-------11------------
Mini- Maxi·
mum mum

Per. Mini- MaXI
lemwe mum rouin

Total

Number of fry Average tein- Temperature
produced perature. range

2.967 46. 4 71. 4 77.4 63.0 83.4
2,492 38.9 67.9 74.8 64.2 78.5
5.032 78.l! 70.6 78.2 67.7 81.9
4.739 74.0 72.1 80.1 67.1 84.6
7,365 115.1 73.5 81.8 70.1 86.4

14.456 22S.~ 75.0 83,6 72.6 86.2
19.319 301.8 77.0 85.1 74.3 90.4
5,010 78.3 77.3 85.4 72.3 90.3
--------.-----

61.380 -------- .~---~-~ ~.------ ---.-.-. --------

4.064 63.5 77.3 81.4 72.1 88.3
4.448 00.5 77.2 81. 8 74.8 84.6
5.922 92.5 80.4 85.9 78.0 88.0

992 15. & 79.8 85.2 76.0 90.7
4.804 75.1 81. 2 87.2 76.8 90.2
4.935 77.1 82.5 88.6 81.0 90.6
2,376 37.1 83.5 89.4 79.0 90.9

0 0.0 84.1 89.5 79.8 90.9
------------
27,541 --- -----._- -------. -------- _.-.----

Month

TABLE S.-SlImmary: Fry prodltction and temperature8 oj
brood tank8 u8ed in the heating ezpe.riinent, January
Altgm', 1959

Tank 13 (control):
January ._~ _
February • •
March_. _
AprIL _
May • _
June__• _
July _
August •__

Totw _
Tank 14 (with heating

cable and cover):January _
February _
March•• •
April. - _
May ._
June _
July _
August •

TotaL __ • _
Tank 15 (with heating

cable):
January____________ 3,046 47.6 -------- -------- --------
February 4,424 00.1 00.6 76.0 65.0 78.0
March 11,166 174.5 72.1 79.6 00.0 83.0
ApriL .___ 4.6110 72.8 73.6 81.0 69.0 85.0
May ._ 7.269 113.6 74.8 82.6 72.0 87.0
June • 4.905 76.6 75.7 83,7 73.6 85.4
July 1,555 24.3 77.3 85.4 74.0 89.9
Augiist~~~~=:::::~=== 822 12.8 77.D 8~.6 72.8 89.4-_._---------

The oxygen record (appendix table 4) discloses
that t.hroughout the period of the experiment, tank
14 had generally lower concentrations of oxygen,
which may account for the decrease in fry pro
duction during the summer months.

Although t.anks 13 and 15 had similar temper
atures, fry production in these two tanks differed
significantly for the months of June to August.
While it is t.rue tha,t tank 15 was heated artificially
(thermost.at. set at. 80° F.), much of the heat was
lost through convection. Thus, tank 15 remained
only slightly warmer than t.he control tank. The
average tempera,tures in both tanks fell within the
optimum temperature range for propagation,
which is from 20° to 35° C. (68° t.o 95° F.) ac
cording to Chen (1953), while the weekly oxygen
determinations showed very little difference be
tween the two tanks. W'e are. unable to advance a
satisfactory explanat.ion for the p06l" fry prodlic
tion in tank 15.

300

50

JAN FEB MAR APR MAY JUN JUL AIlG

FIGURE 9.-Production per female per month in the heated
tanks and in the control tank, and average minimum
and maximum water temperatures in the tanks.

Analysis of the data indicates that although
some increase in spawning was induced during t.he
winter months by raising the water temperature,
the increase in production was not great. In ad
dition, only a slight rise in w",ter temperature ap
parently produced the same results as a marked
increase in temperature. The results also indicate
that prolonged or constant high tempera,tures may
be detrimental to spawning. Innes (1951)
pointed out that at constant high t.emperatures
the oxygen content of the water becomes dimin
ished and this seems to have a weakening effect on
fish. Doudoroff (195'7: p. 415) st.ated-

that persistent nonlethal deficiency of dissolved oxygen
undoubtedly can adversely influence the activities of
fishes and have serious detrimental effects on fish popula
tions in their natural environments.
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Scx rat.io in concentration of
Scx ratio 1 ----;,.-- ---, -,- _

TABLE IO.-Sex ratios and concentration.s of tilapia u8ed to
stock th.e if! assault-boat tanks, September-November
1958
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FmURE lO.-Produl"tion per female in relation to sex
ratios an~ concentrations of brood stock.

300

The expE'.riment WfiS t.erminated after 13 weeks.
An analysis of variance of ~he data (table 11)
indicated significant. differe.nces (F= 5.73, P
< (1.01) bet.ween fry production with respect t.o the
sex ratios used in the experiment. (A probability
level of fl percent. is considered t.he maximum value
for a conclusion of significance in this report.)
The most. product.ive ratio was 3 !i! : 1 ~ (tanks
4 and (,). Tanks 1 and 2 with a ratio of 2!i! : 1 ~

were almost equally high in production for the
first 2 months ofthe experiment. (fig. 10).

A more detailed experiment designed to deter
mine the ideal sex ratio for maximal yield of
fry was conducted at t.he Kewalo plant from Sep
tember to November 1958. The effect of brood
stock density on spawning was simultaneously
invest.ignted in the same experiment.

The 12 assault boats mentioned earlier were
stocked with various sex rat.ios and concent.rat.ionfl
of fish. The design of t.his partially confounded
factorial experiment is shown in table 10. The.
brood stock was fed dry trout feed at t.he rate of
~ percent of its weight dllily. It was assumed
that any differences in temperature or oxyge.n con
centrat.ions which might occur among the tanks
would not bias the results. .

SEX RATIO AND BROOD.STOCK DENSITY

A rn,t.io of ~!i! : 1 & was used init.ially at the
pilot plant. and judged t.o yielcl sat.isfactory re
sult.s. The best. production result.ing from t.his
se.x rll,tio was realized during July 1957 at the
pilot plnnt., when produotion in tank 1 ·amounted
to 20,010 fry or 327 fry per' female. (table 6). A
second grouping of 5 !i! : 1 ~ (total stoek, 72) was
also tried in tank ~ from August to Novembe.r,
1957. The produet.ion per female per month is
given in table 9. The best production for t.hat
period and grouping oecurred in August, when
fry production llmounted to 2,:)32, or 4~ fry per
female.

TABLE 9.-Production of fry per female per month in tan~: 2
at the pilot plant, August 1957-July 1958

1 Because of mortalities and transfer of IIsb, the number of females used
to calrnlate the production per female is based on the number of females tbat
were present In the tank for more than 2 weeks.

Brood stock Number of fry

Month
produced

Feed

Males Females Totai I I'er
female I

----
1957:

August__ .• ___ • 12 60 2,532 42.2 Pond·fish feed.
September_.__ 12 60 2,383 39.7 Do.October.. _____ 12 60 1,53S 25.6 Do.Novembe.r ____ 12 tIO 0 0.0 Do.December_____ 16 56 107 1.9 Do;.

1958:January_______ 16 56 3 0.1 DoFebruary_____ • 16 56 2,891 51.6 Do.March_____ •__ 16 56 7,1391 137.3 Do.ApriL_. __ •• __ 16 56 6,660 118.9 Do.May__________ 31 72 11,627 161.5 Rabbit pellets.June_______ •__ " 31 72 19,826 275.4 Do.July_. __ •______ 29 72 7,781 108.1 Do.
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The relation between total production per
female and bottom area (square feet) per male
is shown in figure. 11, while t.he total product.ion
per female in relation to bottom area per incli
vidual is shown in figure 12. From table 11 and
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FIGURE n.-Total production per female in relation to
bottom area (sq. ft.) per male. (Total stock in
parentheses. )

figures 10 to 12, it. may be seen that the tanks with
50 fish or less (except tank 10) had a much better
prod~lction t.han those with more, while an allow
ance of 4 square. feet. of bottom area per male
and 1 square. foot per individual gave the highest
production per female (see tank 5, t.able 11).

The analysis of va.riance showed that the differ
ences in fry product.ion wit.h respect. to the con
cent.rat.ions, 30, 50, 70, and 90 fish, used in the
experiment. were significant. (F = 11.44, P <
0.01) . There was also a signifieant. interaet.ion be-

t.wee.n sex ratios and brood-stock density, indicat.
ing t.hat. t.he pl"O<luct.ion result.ing from any spe
cific ratio did not. vary in a uniform manner with
respect to availability of space.

DIET AND REPRODUCTJON'

Early attempts to assess the qualities of differ
ent type.s of feed in relation to fry production at
t.he pilot. plant. proved inconclusive, owing t.o dis
similar condit.ions in the brood tanks (tanks 1 and
3). However, we were able to observe t.he general
acceptability of the five types of feed that were
used.

Finely ground feed, suc.h as rice bran and
chicken mash, was found to be lUlsuit.able for the
adults as they cannot. strain small particles from
t.he water. Much of the feed was wasted and
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}'IGURE 12.-Total production per female in relation to
bottom area (sq. ft.) per individual. (Total stock in
parentheses. )

TABLE 11.-Sex ratio and concentration of brood stock and production of fry, September-Nol'ember, 1958

Tank No.-
Item

1 2 3 4 5 6 7 8 9 10 11 12
---------------------------------

Sex ratio (9 :o"l-------------_ 2:1 2:1 2:1 3:1 3:1 3:1 4:1 4:1 4:1 6:1 6:1 6:1
Number of fish:Females__________________ 20 33 47 23 38 68 24 56 72 43 60 77Males_____________________ 10 17 23 7 12 22 6 14 18 7 10 13

-------------------------------------Total f1sh_______________ 30 50 70 30 50 90 30 70 90 50 70 90
Bottom area (sq. ft.):

4.8 3.7Per male__________________ 4.8 2.8 2.1 6.8 4.0 2.2 8.0 3.4 2.7 6.8Per f1sh ___
c

_______________ 1.6 1.0 0.7 1.6 1.0 0.5 1.6 0.7 0.5 1.0 0.7 0.5
Production:

September:
1.7k 2.627Fry produood _________ 4,872 6,762 5.M7 8.209 2,077 4.426 272 1,043 4.459 2,471Fry per female ________ 243.6 204.9 36.6 242.0 216.0 30.5 184.4 4.8 14.5 103.7 41.2 34.1October: __ : _______________

Fry produced _________ 4.775 8. 402 5.891 5,292 10. 443 1,396 3,766 1.620 1.955 3,099 8.376 3.089
Fry per female ________ 238.8 254.6 125.3 230.1 274.8 20.5 156.9 28.9 27.2 72.1 139.6 40.1

November:
Fry produced_______ •. 1.441 504 334 1,287 4.036 921 2,054 20 37" 28 36 3,564
Fry per female ________ 72. 0 15. 3 7.1 56.0 106. 2 13. 5 85.6 0.4 0.5 0.6 0.6 46.3

Total:
Fry produeed _________ 11,088 15.668 7.948 12.146 22.688 4.394 10.246 I. 912 3,035 7.586 10,883 9.280
Fry per female ________ 554.4 474.8 169.1 528.1 597.0 64.6 426.9 34.1 42.2 176. 4 181. 4 120.5

1
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tended to foul the tanks. On the other hand, pel
letized feed, such as pondfish and hout feed, was
consumed by the adult fish with little wast.age.

. Rabbit. feed had a high percent.age of crude fiber,
which seemed to pass through t.he fish undigest.ed
and left. much residue in t.he tank. Alfalfa pellets
were sOl11ewhat less accepta.ble than the other feeds
mentioned, probably because of their large size
and their high fiber cont.ent.

An experiment to evaluate the effects of differ
ent types of feed in relat.ion t.o fry production
was conducted at. the Kewalo plant in September
November, 1958. For t.his experiment., the t.hree
redwood tanks (tanks 13, 14, and 15) were eneh
stoeked with 3;3 males and 64 female.s. The ndults
in t.nnk 13 were fed t.rout feed, which we believed
t.o be high innutrit.ional va.lue nnd whieh was rela.
tively expensive. Those in t.a.nk 14 were fed rab
hit feed. As sfa.t.ed em'lier, this feed was nccept
able to the t.ila.pia and wns a.]so much cheaper than
trout feed. Prelimina.ry trials at the pilot plant
indicated that. relatively good fry production was
possible wit.h this feed. The fish in tank 15 were
fed millrun, which was locally produeed and the
least expe.nsive of the feeds tested.

Ta.ble 12 gives t.he production per female for
t.Ile 3 months that the experiment was condueted.
A plot. of the number of fry per female per month
is shown in figure 13. It. is evident that the fish
t.hat were fed trout feed (tank 13) produced the
greatest number of fry per female, while the fish
that. were feel rabbit feed (tank 14) and millrun
(tnnk 15) had very low fry production.

...r-----r-----,-----....,.......,

TABLE 12.-Ptoduction per female in three brood tank8, by
type of feed, September-November, 1958

[Each tank stocked with 32 males and 64 females]

Tank 13 Tank 14 Tank 15
(trout feed) (rabbit (mlllrun)

feed)

September:Fry produced_________ •___________ 6.863 1.874 751
Fry per female ___________________ 107.2 29.3 11.7

October:Fry produced____________________ 13.769 1.074 529Fry per female___________________ 215.1 16.8 8.3
November:Fry produced______ •_____________ 2.695 ll82 394

Fry per female______________ •____ 42.1 15.3 6.2
Total: .'Fry produced ____________________ 23.327 3.930 1.674

Fry per female. __________________ 364.5 61.4 26.2

Temperature was not considered a.factor in fry
production in this experiment, since the.re was very
little difference in water temperntures among the
tanks. Assuming that other environmental fa.ctors
were similar muong the t.nnks, it follows from this
experiment that the use of a nut.rit,ionally balanced
feed is highly important in obta.ining good fry
production. We are· not. certain, however, of the
long-range effect of such high-protein feeds on
tila.pia, which are prineipally herbivorous. These
.trout. feeds are manufactured primarily for trout
eultui-ists who intend to market the fish rather than
use them as brood stock-they may possibly be
detI;imenta.1 to spawning fish. Schaeperclaus
(1933: p. 98) st.ated t.hat the ovaries of trout
under intensive artificial feeding-degenerate and
produee few usnble eggs. It is likely that spawn
ing stocks of tilapia herd for extended periods of
time should be fed a diet more in keeping with
their natural food or be replaced after a yenr or
two by a new stock of brood fish grown under
1110re natuml conditions.

SEPTEMBER OCTOBER NOVEMRER

FIGURE IS.-Effect of type of feed given brood stock on
production per female.

SALINITY AND SPAWNING

During the summer of 1959, the Hawaii Divi
sion of Fish and Gmue st.arted plans for construc
tion of a t.ilapia hatchery in an area with free
nccesss to brackish water (nbout 10 0

/ 00 ), At the
DivisioJl's request, experiment.s dealing with
spa.wning nnd growth of young tilnpin in brnckish
water were initinted nt the Kewalo plant.

Several invest.igators hnve observed and re
ported that tilnpin will spawn in n snline environ
ment.. Vaas and Hofstede (1952: p. 11, 16) re
ported that. spawning occurred in a period during
.whicI:l the snlinity of the water mnged fro111 3 to
4.8 pereent... They pointed out, however, that "Ac-

50 RABBIT FEED
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BRACKISH WATER

August September Total

TABLE 13.-Fry production in brackish-water and fresh
water tanks, 1959

cording to subsequent findings of the Extension
Service in Indonesia, good growth is limited by a
salinity of 4 percent and spawning by one of
3 percent." Brock (1954) reported tilapia spawn
ing in sea, water of a chlorinity of 19.~9 0/00

(equal to a salinity of about 34.85 0/00 ) and a pH
of 7.95.

Four tanks were used in this experiment: two
test tanks contained brackish water and two con
trols cont.ained fresh water. The experiment was
started in August 1959 and terminated during the
latter part of Se.ptember when heavy mortalities
among the adults caused by either asphyxiation
or hydrogen sulfide occurred in both brackish
water tanks: Each tank was stocked with 36
females and 12 ma.les, that is, with a 3: 1 sex ratio,
and at a concent.rat.ion of 1 square foot per
individual.

The yield of fry for the 2 months of t.he experi
ment is given in table 13. The total production
was almost three times a,s great from the treatment
tanks (brackish water) as from the controls.
Analysis of varia-nee indicated a significant dif
ference (F=472.65, P<0.05) bet.ween fry produc
tion with respect. to brackish- and fresh-wa-ter
methods of culture, but no significant difference
between replicates.

Exactly what influence the saline environment.
exerts in bringing about this increased fry pro
duction is not known, but the results of this ex
periment emphasize the desirability and possibili
ties of tilapia culture in brackish water.

CONCENTRATION OF FISH AND GROWTH

A series of tests to determine the rat.e of growth
of young Wapia in relation to their concentration,
or the amount of space available for growth, was
started at. the Kewalo plant in April 191)9. Five
lots of fry, ranging in number from 1,000 to 6,000,
were placed in the assault-boat tanks; however, all
tanks were not st.ocked simultaneously.

The fish were fed trout feed (starter, fry, and
small fingerling grades) for 12 weeks. The par
ticle. size and amount of feed was gradually in
creased as growth progressed. The fish were fed
twice daily exc.ept. on weekends, when they were
fed once a day.

FACTORS AFFECTING GROWTH
. OF YOUNG

The effects of environmental factors on growth
of young tilapia were studied experimentally at
the Kewalo plant for 12 weeks, beginning in April
1959. The effects of space or density of the fish,
diet, and salinity were exa-mined during the
experiment.

'Ve tried to vary one factor at a t.ime, keeping
the others constant., so that the single factor under
observation could be evaluated with some degree
of preeision'. We did not attempt to control the
temperature, since differences among the tanks
were not significant. Other faetors, such as
volume of water in t.he tank and the rate of water
flow, were held as uniform as possihle. In each
experiment, the fish were fed at the same rate per
fish regardless of lot size. An excellent quality
trout feed was fed to the fish twice a day, except
weekends, at the regular feeding times.

Once each week, length and weight mettsure
ments were made on a randomly collected sub
sample from each tank under observation. All of
the fish in the subsample were returned to their
respe~tive tanks after measurements were eom
pleted.' The number of fish in a subsample varied
with each experiment.

'Ve realize that, ideally, all phases of the ex~

periments should have been conducted simultane
ously. This was not possible, however, because of
a laek of suffieient quantities of fry. As a result,
different phases of the experiments were com
menced as fry became available in adequate
amounts to stock the tanks.

8.9 9.4
----------~-

12.3 15.2 ------------
10.9 13.2 ------------

11.845 15.519 27.3114
329.0 431.1 -----_. -- _.-

17.319 11.745 29.064
481.1 326.2 -- -- -----.-.

6.479 1.169 7.648
180.0 32.5 -.----------
8.910 2.172 11.082
247.5 60.3 ~-_._-------

Tank 5:
Fry produced ._
Fry per female _

Tank 12:Fry produced _
Fry pel' female • _

FRESH WATER
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TABLE 14.-Weekly Ul>erage length (mm.) and we-ight (g.)
and average absolute growth rates in random subsamples of
t-ilap-ia from various concentrations of fry. 1959

1,000 ir)· :J,OOOiry 3.000 fry 4,000 fry 6,000 fry
------------

Exper~mentbef.n.----- May 29 May 29 Apr. 9 May 22 Apr. 9
ExpeTiment en ed _____ Aug. 21 Aug. 21 July 2 Aug. 14 July 2
Initiallength ___________ 12.4 12.0 11.9 11.8 11. 9
Initial weight- .. ________ 0.024 0.012 0.024 0.012 0.02

= - = =-
1st week:Length _____________ 17.0 14.5 13.6 13.5 12.8Weight_____________ 0.072 0.040 0.040 0.030 0.04
2d week:Length _____________ 19.2 16.7 17.6 16.0 15.7Weight_____________ 0.116 0.068 0.096 0.052 O.
3d week:Length _____________ 23.5 21. 2 19.3 18.3 16.8Weight_____________ 0.168 0.148 0.094 0.092 0.
4th week:Length _____________ 25.1 21. 5 25.0 19.7 21.1Weight_____________ 0.284 0.176 0.272 0.115 0.14
5th week:Length _____________ 28.3 26.1 27.2 21.7 24.0WeigbL ___________ 0.400 0.320 0.308 0.152 O. Z,u
6th week:Length .. ____________ 30.3 28.0 28. 4 26.2 25.3

Welght________ •____ 0.480 0. 400 0.416 0.312 0.
7th week:Length _____________ 33.2 29.9 30.6 25.7 28.4Weight_____________ 0.640 0.492 0.500 0.300 O.
8th ..,reek:Length _____________ 34.7 29.6 33.5 28.6 29.2Weight_____________ 0.792 0.500 0.705 0.412 0.484
9th week:Length_____________ 39.1 33. 4 34.5 31.1 31. 9Weight_____________ 1.116 0.692 0.780 '0.578 0.628
lOth week:Length_____________ 42.7 36.6 36.2 32.2 33.2Welght_____________ 1.448 0.960 0.844 0.605 0.67
lltb week:

.~~~t~::::::::::::: 43.8 37.8 38.4 32.5 34.8
1. 596 0.964 0.964 0.615 0.7

12th week:

~~~t~::::::::::::: 49.8 42.8 40.7 30.8 37.8
2.408 1.528 1. 280 0.612 0.9---------------

Average absolute growthrate. _. _______________ 3.lmm. 2.6mm. 2.4mm. 1.6mm. 2.2mm

NO. IN LOI' FRY PER sq.FT.
• 1000 FISH .15 . 9. IUU+Z.87U
• ZOOO FISH... 31 .... 9·12.487+IMlZX
9 3000 FISH ....... . .Y-I2.968+2.40SX:
• _ FISH. .61 .. j'II.668 + 1.839X
... 6000 FISH". 92 .Y-11.581+2.2031

50

10

.ul

i
! _FISH LOI'
=t;
z.. 30.....
'":i..
;:;

20

Twenty-five fish were measured from each of
the lots of 1,000,2,000, and 3,000 fish, 40 from the
lot of 4,000 fish,. and 50 from the lot. of 6,000 fish.
Table 14 gives the weekly averages of lengt,h and
weight of fish in the randomly collected sub
samples, while figure 14 shows the regression lines
fitted to the growth data.

FIGURE H.-Regression of length on time for five lots
of tilapia I'eared in various concentrations of fish in
tanks.

ExaminQ,tion of the regression coefficient from
each lot indicated that young in the tank stocked
with 1,000 fish had the best growth rlLte (2.9 mm.
per week) .during the 12-week period, and that
growth rates were somewhat slower with an in
creasing numbel' of fish per lot. Fish in tanks
stocked with 2,000 and 3,000 fry had almost
identical growth rates (2.4 mm. per week) but.
less favorable growth than the 1,OOO-fish lot. The
lot of 6,000 fish, for some unknown reason, had a
better growth rate dum the lot containing 4,000
fish (2.2 and 1.8 mm., respec:tively, pel' week).

Statistically, the difl'ere.nces in growth among
the five lots of fish were significant (F=41.92,
P<O.Ol). From the results of the experiment, it
follows that. the ideal stocking density for nursery
wItters (fry tanks) would be 9 fry per cubic foot
or 15 fry per square foot of surface area (1,000-

fish lot). Some lesser concentration, as yet unde
termined, might prove even better. However,
from a practical standpoint, t.hese very low stock
ing rates might not be the most feasible economi
cally, as the space requirements and construction
costs for fry-rearing tanks would be enormous in
n. commercial operation.

Earlier, we mentioned that newly' emerged fry
almost always were captured near the surface of
the water. UP9n transfer to nursery waters, the
fry continue to exhibit t.his behavior. Therefore,
we believe that stocking density should be.related
to surface area rather than to volume of water.

'DIET AND GROWTH

An experiment to compare the growth rn;tes
obtained on an inexpensive, commercially lwail
able feed and the more expensive, but highly
nutritious, trout feed was initiated in April 1959
simultaneously with the experiment on relation
of space to growth at the Kewalo plant. An as-
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sau.lt-boat tank was stocked with 3,000 fry and
fed exclusively with wheat white middlings, a
locally available livestock feed, while the lot of
3,000 fry in the space-growth experiment was fed
trout feed.

The weekly average lengths and weights of a
random subsample of 25 fish from each of the two
lots, for the 12-week period of the experiment, are
presented in table 15. Regression lines were fitted

TABLE 15.-Weekl:!/ at'erage length, (tl/m.) and. weigh.t
(g.) and Q.verage ab8ol./tte gl·olcfh. ratc8 ;'/1. "ando-m
81~b8ampl.e8 of tUapia from 2 lot8 of 8,000 fry reared.
on different diets, 1959

.~'.'. \
• Y-12.686+ 1.902X

10

ExperIment began. .__ Apr. 9 May 15
ExperIment ended. • •• July 2 Aug. 7
InltlBllength • •• •__.__________________ 11.9 12.1
Initial welght • ___ _ __ __ 0.024 0.014

Item
Wheat

Trout whIte
feed mId-

dlings

FIGURE 15.-Regression of length on time for two lots of
fish reared on different diets.

Average absolute growth rate .________________ 2.4 mm. 1.8 mm.

to the growth obtained in these tanks. The regres
sion coefficient for the lot fed trout feed was 2.4
mm. per week while that for the lot fed wheat
white middlings was 1.9 mm. per week (fig. 15).
An analysis of variance of the r~sults disclosed a
significant difference in growth rates between the
fish in the two tanks (fl=31.09, P<O.Ol), iildicat
ing that quality of the feed is highly important
where fast growth rates are desired.

1st week:Length • _
W£1ght._. • _. _

2d week:Length • •• _
Welght • •__

3d week:Length • • • _
Welght. • • _

4th week:Length_. • _
Weight . • _

5th week:Length • ._
Weight .• _

6th week:Length • _
Weight. • •

7th week:
Length "_. .------ __ • "_
Welght_•. . _

8th week:Length _
Weight. • __ • _

9th week:Length_. _
Weight. • _

10th week:Length. _
Weight. _

11th week:Length • _
Welght • • _

12th week:Length • _
Weight.. • •_. _

13.6
0.040

17.6
0.096

19.3
0.094

25.0
0.272

27.2
0.308

28.4
0.416

30.6
0.500

33.5
0.705

34.5
0.780

36.2
0.844

38.4
0.004

40.7
1.280

13.7
0.032

16.9
0.064

18.·9
0.104

21.0
0.160

21. 5
0.144

23.5
0.424

27.1
0.392

28.6
0.380

30.3
0.520

31. 7
0.620

34.0
0.672

33.\1
0.768

SALINITY AND GROWTH

It has been reported by Vaas and Hofstede
'(1952) and Brock (1954) that T. Jn088ClJ11!,bwa will
spawn ltnd the young will·grow in salt water. To
determine growth rates under varying degrees of
salinity, preliminary experiments were conducted
at the- Kewalo plant laboratory using 30-galloil
aquariums.

Five 30-gallon aquariums were used in the
experiment: two containil~g fresh 'water, two
brackish wat.er (salinit.y of about 16 0/00' ll-nd
one sea water. Each aquarium was stocked with
200 fry. Those fish to be test.ed in brackish water
and in sea water we.re ltcclimatized to sea water
for It period of 24 hours before being placed in
t.he aquariums. The fish in one tank in each pair
of the fresh-wat.er and brackish-water aquariums
were fed wheat. white middlings, while fish in the
other two tanks and in the sea-water tank wer~

fed trout feed (starter).
From the first week, a large number of deaths

occurred in the brackish- and sea-water t.anks and
t.he deaths cont.inued to occur for several weeks.
At first, the dead fish in each of the tanks were
removed and count.ed each morning and replaced
with an equal number of individuals of similar
size from a reserve stock which was' held in sea
water in another aquarium. Because of the high
mortality rate and the low growth rate in all the
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TABLE 16.-DiJJerences in alJerage length (mm.), weight
(g.) and average absol1tte growth rates oj 6 lots oj 200 fish
in relation to types oj water and Jeed '

Item
Aquarium No.-

2 3 4 5
------

Type of water_____ Fresh ____ Fresh____ Brackish_ Brackish_ Sea.
Type of feed _______ Trout. ___ Wheat Trout. ___ Wheat Trout.

white white
mid- mid-

Initial length oC
dUngs. dUngs.

oC fry____________ 12.8. _____ 13.3-- .. __ 13.3______ 13.2______ 13.0.
Initial weight oCfry. _____________ 0.03______ O.OL. ___ 0.03_. ____ 0.03______ 0.03.
Length at 5 weeks_ 17.9______ 18.3______ 17.8'.____ 18.0_.____ 18.2.
Weight at 5 weeks_ 0.12______ 0.12______ 0.10______ 0.12______ 0.14.-------
Average absolute

growth rate_·____ 1.02 mm__ 1.00mm__ 0.90 mm._ O.96mm__ 1.04 mm.
Total deaths______ 66 95 122 208 333.

I These figures are based on leugth-weight measurements at end of the
fourth week.

experimental tanks, the experiment was termi
nated at the end of 5 weeks.

A 'random subsample of 10 fish was collected
from each aquarium and the fish measured once
each week during the 5-week period. (table 16).
The results were not suitable for statistical analy
sis. A general summary (table 16) shows that
mortality was lowest in fresh water and highest
in sea water. Differences in growth rate were
slight and most likely of no biological significance.

A second experiment, which dealt with the
effects. of salinity on growth of the young, was
conducted simultaneously with the experiment 'on

the effect of salinity on the rate of reproduction.
Four assault-boat tanks, two containing brack

ish water with a salinity of about 10 0
/ 00 and two

with fresh water serving as controls, wei-e stocked
simultaneously with 4,000 fry. The fish we·re fed
trout fee.d twice a day. Salinity determinations
(by hydrometer) of the brackish-water tanks were
made daily I (table 13 lists average and range of
salinities for the 2 months of the experiment).
Length and weight measurements we·re made
weekly for 8 weeks on a random subsample of
40 fish ,from each tank. The 'results of the experi
ment are recorded in table 17, while the regres
sion lines describing the growth in each tank are
shown in figure 16.

It. is evident from the regression coefficients that
the brackish-water environment had a pronounced
influence on the growth ra.te of the young fish.
Here again, we are not certain of the ,effect of the
saline envil;onment on young tilapia, but presum
ably it alters metabolic processes enough to affect
growth considerably. A.n analysis of variance in
dicated asignificant difference in growth between
treatments (F=39.94, P<O.01), and no siO'nificant, b

difference. in growth between replicates.
Another interest-ing ,aspect of this experiment

was tha.t the growth rates of the fish in the fresh-

TABLE 17.-Az>erage length (mm.) and weight (g.) and
a~ra!1e absolute growth rates oj random sub8amples oj
ttlap~a Jrom 4- lots oj 4-,000 Jry reared in brackish and
Jresh water

FIGURE 16.-Regression of length 011 tiwe fOt' young
tilapia reared in brackish and in fresh water.

26.5
0.380

33.4
0.712

29.3
0.512

2!.0
11.146

15.2
0.065

Fresh water

25.4
0.300 ..

28.8
0.490

32.0
0.632

23.8
0.242

17.6
0.080

38.1
1.100

25.3
0.280

29.9
0.500

34.5
0.892

15.5
0.072

31. 2
0.548

33.4
0.772

Brackish WIlter

. Tank 2 Tank 4 Tank 6 Tank 11
1---,----------Item

1st week:
Length_ 14.1 13.5 15.2 13.5

2d ~~~ht_.. -------------------- 0.042 0.040 0.055 0.042
Lengl.lL 15.8
Welght_. .____________ 0.070

3d week:
Length •• 21. 6 19.8 20.2 17.5
Weight: _•• _. ._________ 0.178 0.145 0.265 0.225

4th week:Length ._.__ 21:1.2
Weight ... 0.295

5th week:Length • _. • _
Welght _

6th week:Length _
Weight_. •• _

7th week:Length __ .______ 39.2
Weight.. .___________ I. 200

8th week:
Length_______________________ 42.8 41.8 34.1 36.0

, Weight .. • 1.412 _1.378 ~1_~870

Average absolute growth rate_ .. 3.8 mm. 3.6 mIll. 2.8 mm. 3.0 mm.

Initial length ~ ._ 12.4 12.6 12.0 12.1
Initial well!ht ._____ 0.028 0.030 0.025 0.025

----------·1------------

~'10.212+4.o221
• 9.820 + 3.9701

40

~. 9.86O+3.210X
~ '12.104+ 2.7741

i
!! 30'

~
"'...
~ 30"'~ . TANK It

TANK 4 IIIlACIUSH WATER. TANK 6J
TANK 1 FUilH WATER ICONTROLI

10
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0.75Ineh Up to 0.38 Inch.
3 to 6Inehes... Up to 0.5Ineh.
7Inches . Up to 1.25 Inches.

also reported by Chen (1953). The results of his
observations are summarized in table 18.

TABLE I8.-Size relation between intraspecific predator and
prey in T. mossambica

[Data from Chen.(I953)1

In order to ext.end the findings of Chen and
furt.her define this intraspeeific, predator-prey
size relation, the following experiments were con
ducted in 35-gallon aquariums. Eight juvenile
groups (predator) of different average lengths
were selected. The average length of t.he groups
ranged from 20.4 to 64.4 nun. (about 0.75 to 2.5
in.). A predlttor group consisting of 10 juveniles
was first measured and plnced in an aquarium. A
second group of 20 t.o 30 young (prey), all fry
or fry and juveniles, was also measured and
placed in the same aquarium. Each of the eight
experiments WllS carried out for a period of 72
hours, after which time the remaining prey were
removed and measured. The fish did not receive
a.ny supplementary feeding during the period of
the experiment.. By comparing t.he lengt.hs of t.he
remaining young with the lengths of t.he young
t.hat. were put into the aquarium,' we were able to
det.ermine the maximum size of the young that
were killed or consumed by each size group of
predators. The results are given in table 19 and
figure 17.

Size of preySize of predator

water control tanks compared favorably with the
growth rates of the 1,OOO-fish lot in the space
growth e.xperiment. W'e expected that the growth
rates in t.he control tanks would be somewhat. simi
lar to t.hose. experienced in the 4,OOO-fish lot. of the
space-growt.h experiment.. The growt.h rat.es in
the t.wo cont.rol tanks were 3.2 and 2.8 mm. per
week over an 8-week period, while- the growth rate
of t.he 4,OOO-fish lot was 2.1 mm.

The fish were raised under seemingly ide-nt.ical
conditions, except. for t.he t.ime of year t.hat. the
experiment was conducted. The 4,000-fish lot was
reared from mid-May t.o mid-August., while the
control-tank lot.s were reared in August and Sep
tember. Although there are 110 temperature rec
ords for these growth experiments, the tempera
ture record of the heating experiment (table 8)
discloses a difference of about. 4° F bet.ween May
and August. in control tank 13. Presumably, this
difference also applied t.o t.he assault-boat tanks.
Therefore, it is quite reasonable. to conelude that.
wat.er temperature is important in obt,a.ining fast
grmvth; however, the optimum temperature has
not. been determine.d.

Some other fact.or, possibly environmental,
chemic-aI, or genetic, ncting singly or in combina
t.ion with t.emperature may also have contributed
to this discrepancy in growth rates. The end re
sults of the salinity-growt.h experiment. paralleled
the results of the salinity-spawning experiment,
however, indicating that. n' commercial renring
plant can, and should be ope.rate.cl on a braekish
water system, thereby redqcing or eliminating t.he
high cost. of using fresh witter.

CANNIBALISM AND PREDATION

Cannibalism and predation are important. fac
tors in t.he sucees:;;ful rearing of young t.ilapia.
Our init.ial plan to renr t.ila.pia fry t.o bait.-fish size
in a single large fry tank met wit.h a major setback
when about 2 months afte.r production started we
discovered juveniles, r:tnging in length from 25
to 38 mm. (1 to 1.5 in.), chasing and consuming
newly emerged fry t.hat were being released into
the tank. This situation was remedied by inst.all
ing Monel-sc.reen partitions to separate the tank
into three eompartments and segregate the young
according to size. Cannibalism among tilapia was

FIGURE 17.-Relatioll between sizE" of juvenile groups
(predators) and maximum size of young killed or

"Consumed.
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TABLE 19.-Size of young (prey) killed and cOllsumed by
different jlll'enile groups (predator)

[A juvenile group consisted of 10 fish of approximately equal size]

L~ngth of predator Length of pr~y
group (mm.l group l.mm.)

-
Range Average Range Maximum

size killed

18.3-23.7 20.4 9.7-12.5 10.0
24.2-29.6 27.6 10.2-15.6 12.7
30.4-36.4 33.2 9.8-19.2 16.2
36.9-42.3 40.0 10.3-19.2 15.0

.43. 2-4ll. 7 46.7 9.8-20.0 17.0
49.4-54.8 51.0 9.0-21.2 18.5
55.7-61. 4 58.0 9.0-29.0 2'2.5
62.0-67.8 64.4· 9.2-29.0 24.5

Ot.her experiments wit.h st.arved and well-fed
juveniles showed that the degree of cannibalism
increases when t.he fish are starved. One par
t.icular group of 50 juveniles, averaging 31.8 nun.
(1.25 in.) in lengt.h, when well fed consumed 9
fry averaging 11.1 mlll. (0.44 in.) in 15 minutes.
This same group, when st.arved for a period of 3
days, killed or consumed 17 fry' averaging 14.3
mm. (0.56 in.) in 12 minutes. W'hen starved, t.he
juveniles were aggressive upon introduction of the
fry, whereas when well fed t.hey were not. par
t.icularly exdted by appearance of t.he fry and
generally remained near t.he bottom of the tank.
An aggressive response by well-fed juveniles was
not.iceable only when a (>ingle fry or group of fry
approached dosely. ,

These experiments indicated the importnnc~ of
keeping each compart.ment. of the fry tank stocked
wit.h young fish of uniform size.

Anot.her source of attrit.ion, nlthough not
considered so important as cannibnlism, was
predation by dragonfly nymphs. These highly
predacious larvae, which occurred commonly in
the fry and assault-boat t.anks, usually preyed on
the smaller fry. Considerable effort was made to
remove these nymphs. Chemicnl menns of control
(snIt, potnssimn permangn,nate, nnd pyridyl
mercuric acetate, commonly called PMA) proved
ineffective; dipnetting them individunlly seemed
the most effe<;tive method. .

SUMMARY AND CONCLUSIONS

This study evaluates the physical and biological
feasibility of producing bait-size tilapia in tanks.
Two facilities were used during the experiments.
The first facility, or pilot plant, constructed on the

grounds of the Bureau of Commercial Fisheries
Biological Laboratory at Honolulu, Hawaii, wns
used from October 1956 to July 1958; the second,
at the Kewalo Basin docksite, Honolulu, was used
from August 1958 until September 1959. Results
obtained at the pilot plant were of a prelimina,ry
and general nature, but aided in planning the
more detailed experiments designed to examine
factors associated with va.riations in reproduction
and growth nt. the Kewalo plant.

Brood tanks at t.he pilot plant were stocked at
the rate of 0.9 and 1.9 square feet of floor area per
individual and wit.h a sex ratio of 2!j1 : 1 ~ .
Stocking of the Kewalo tanks varied from 0.5 to
1.6 square feet. of bottom area per individual, and
the sex rat.ios (!j1 : p ) we·re 2 : 1,3 : 1,4: : 1, and
6:1.

Supplementary feeding of the tilapia include:a
rice bran, chicken mash, al fnUa pellets, rabbIt
feed, and 'pelletized pond-fish feed and trout feed.
Generally, for the adults pelletized feeds were
much more satisfactory than finely divided mash
and bran. Young fish were fed finely ground
pondfish and trout feed.

Chemicnl nnalyses to determine concentrations
of oxygen, free ~nrbon dioxide, total bicarbonate
and carbonate alkalinity, and hydrogen-ion were
made routinely at weekly intervals to follow gross
changes in the environment within the tanks.

Fry production at the pilot plnnt started in
December 1956, approximately 9 weeks after the
initial stocking. Nest-building activity was noted
only after 3 to 4 inches of calcareous beach sa,nd
wn~ pln.ced in two of the brood tanks. Evidence
of spnwning on the bare floor, however, wns noted
when the one tank without'snnd wns drained.

A.t both rearing plants, as the young emerged
each day they were cnptured with a fine-meshed
dipnet and count~d. They were then plnced in a
fry tank and segregated by size in different com
partments to prevent cannibalism.

Mortalit.ies amonO' the adult.s were attribut.able
b ,

to £netors such as handling, disease, nsphyxiat.ion,
and possibly hydrogen sulfide poisoning. Highest
mortality rat.es among the young were attribut.ed
to outbreaks of infect.ious disease and infestat.ion
by ectopnrasites. Infestntion by protozoan
ect.oparasit.es such as trichodinids 'and (!kilodon
spp. was rat.her easily controlled by chemical t.reat.-
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ment. Outbreaks of infectious pancreatic necrosis,
believed to be caused by a virus, were not con
trolled by any of the methods tried. Strict sanita
tion, prevention of overc.rowding in the fry-tank
.compartments, and periodic prophylactic treat
ments were found to be good control measures for
preventing outbreaks of disease.

Several factors were found to affect fry produc
tion. The spawning rate was increased during the
winter months by artificially raising the tempera
ture of the water. Only a slight rise was neces
sary to increa.se spawning frequency, but
prolonged constant high temperature seemed to
have a detrimental effe.ct.

A sex ratio of 3 ~ : 1 & resulted in the highest
reproductive rate. An allotment of about 4.0
square feet of bottom area per male and 1.0 square
foot per individual provided the most optimum
conditions for courtship and spawning. Brood
stocks fed high-quality feed had higher produc
tion per female than those fed low-<luality feed.
A significantly higher fry production occurred in
brackish water (about 10 0/00) than in fresh wltter.

The growth of· young fish was influenced by
environmental factors. Significantly faster
growth rates were found among young reared in
less crowded tanks than in crowded tanks. Young
reared on high-quality feed also evinced a much
faster growth rate than those fed low-quality feed.
The growth of young fish in brackish water of a
salinity of abollt 10 0

/ 00 was remarkably fast.
An investigation of cannibalism indicated that

juveniles averaging 20.4 mm. (about 0.75 in.) can
kill or consume fry up to 10 mm. (about 0.38 in.)
in length, and juveniles averaging 64.4 mm. (about
2.5 in.) in length are able to kill or consume
smaller juveniles up to a maximum size of 24.5
mm. (about 1 in.). Starved juveniles evinced a
much more aggressive response than well-fed
juveniles to fry introduced into their tanks.
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APPENDIX

ApPENDIX TABLE I.-Oxygen concentrations (ml./l.) at the pilot plant, determined weekly, A.pril fl, 1957-July 8, 1958

Zone time 1----.------....----+---..........------,----,......---1Date
TankNo.- Assault-boat l tank No.-

Fry tank Tap watcr

-------4:79- :::::::::::: :::::::::::: -------5:54- :::::::::::: --------6:12

6.05
5.80

:::::::::::: :::::::::::: :::::::::::: :::::::::::: ···----5:45- ~:~~
5.46 ••• __

:::::::::::: -------5~40- -------2:40- -------3~53- ::::::::::::
- ._____ 5.19 1. 90 3.69 1.05

~36 ~M a~ ~30. &M
aw ~~ a77 ~~ ~~

_______ .____ 3.66 3.59 ." __ ."_ 3.57

Ul U~ U~ ----'--4:52- Ul
5. 64 4. 00 5. 72 4. 70 4. 11
~~ ~~ ~77 ~63 aM4.86 2.96 __ ._. .___ 2.77

g: ~~ ~: ~~ -------2~63- ::::::: ::::: ~: ~~
5.42 3.85 2.11 • __ ,____ 4.20
5.48 4. 18 1. 90 2. 46 4.75
4.57 . .______ 1.56 1.05 3.38
~44 a~ &00 &93 &00
&~ &66 ~66 ~oo 6.~
~36 ~77 &74 ~~ aoo
5. 27" 3. 84 1. 69 O. 61 3. 08
5.48 5.02 4.64 • 5.44
5.72 5.18 4.54 .__ 5.82

2 3

1957:Apr. 2______________________ 01100 0.75 3.87 4.619______________________ 1000 4.75 6.75 5.7116_______ •_____________ 1000 2.67 5.80 3.8123_____________________ 1000 4.88 5.56 3.9030_____________________ 1000 3.72 5.30 4.80May 7_____________________ 1100 2.94 5.25 3.7514____________ ... _______ 1000 0.77 2.56 2.8721... ___________________ 1000 3.36 2.59 2.7023___ • ________________ 1000 3.33 3.64 3.34June 4______________________ 1000 1.68 2.03 2.42lL______ . _______ ... _____ 1000 3.16 2.78 2.7019_____________________ 1000 0.63 0.54 1.1026___ . _________________ 1000 1.12 0.54 1.56
July 2______________________ 1000 2.68 0.96 4.229______________________ WOO 3.58 3.30 3.7(116_____________________ 0830 I. 78 I. 73 3.4223_____________________ 0830 3.78 3.34 5.4031... ____________________ 1000 5.60 6.96 6.54

Aug. k::::::::::::::::::: 0830 1. 34 ---~------~~ 2.51
0830 1. 30 2.76 1.4022_. __________________ 1000 5.22 4.33 2.5928____________________ 0830 0.62 I. 95 1.40Sept. 5_____________________ 0830 1. 81 3.04 3.3310________ . ___ . _______ 0830 0.74 1.23 2.7518____________________ 0830 1.18 0.92 1.3925____________ . _______ 0830 0.85 1.17 1. 65Oct. 3______________ . _______ 0830 0.87 I. 31 1. 4111... ___________ . ___ . ____ 0830 0.56 0.85 3.1316__________________ • __
0830 0.58 0.72 1. 4923_____________________ 0830 0.85 I. 35 1. 5530_____________________ 0830 2.68 1.37 2.41Nov. 6_____________________ 0830 0.110 6.42 3.9712____________________ 0800 1. 17 0.78 1.8420______ •_____________ 0845 1.44 2.57 2.45Dec. 3______________________ 1000 2.40 3.75 2.8010________ •• ___ •_______ 1000 4.22 6.34 2.1420_________ •• __________ 1100 3.74 6.16 2.3626__ •__________________ 0Il00 0.40 1.86 1.83

1958:Jan. 9_. ____________________ 1300 3.24 7.93 2.46
16_____________________ 1000 0.56 0.26 2.18
24. ____________________ OSl5 0.38 0.110 2.42

Feb. 6___•_______ • __________ 1300 4.20 3.13 5.2114..___________________ 1000 0.51 I. 07 1. 0728•••__________________ 1300 5.65 6.74 2.42May 26____________________ 0800 0.64 0.69 0.34
June 12_•.•• ________________ 0800 0.46 0.19 0.2817_____________________ 0830 1.60 0.97 0.3824_____________________ 0815 0.64 0.10 0.35July 2______________________ OS15 1.26 1.15 0.008____ .. ________________ , 0800 1. 15 0.91

I
0.85

1 Acquired June 1957.

2 3

5.95 • ., ._. _
6.23 _
5.77 ._

6.97
6.48
5.76
6.96
5.85
7.04
5.66

4.29
6.06
6.08
5.97
5.32
6.17
6.09
5.68
6.36
6.15
6.08
6.08
6.08
6.06
6.48
5.88
6.12
5.70
5.57
5.84
5.84
5.91
5.64
5.79
5.68
5.78
5.83
5.84
5.72
6.01
6.05
6.03
5.99
6.17
5.93
5.92

6.22
6.46
5.71
6.21
6.42
6.09
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ApPENDIX TABLE 2.-0xygen concentrations in ta'nks 1 and S sampled hourly for e4 hours, at the pilot plant, November lS-1!J
1957

Tank I' Tank 2'

Zone time
Oxygen
(ml./l.l

Temper
ature
(0 F.)

Oxygen Temper-
(mJ .11,) ature

(0 F.l

Cloud cover Comments

---------1--------------'--1---------·1----------------
0800_ . ••• •-. - - - •• _
0900_ • • ••• --- _
1000•• •• _• • _. _
1100 •• •• ---- -. _
1200 • • _- ._
13011.. • •• - _
1400 •• • : - _
15011..._. • - _
16011.. •• _• - _
1700 • •__ • • ._
1800_••••_. • •• - _
1900:•••• •__ •__ ._ •• - •• __
2000•• _•• •__ • •• •• __
2100•• • _•• • • _
2200•• •• ' •• - -'- _
2300 • •• •• _
ooסס ••_. • •• _
0100 • •• •• _
0200. ._ •• • •• __
0300 •• _•__ • - • _
0400 •• •_- - _•• _
0500 •• • ••• _
06011.. •_•• •_•• ••• _
0700__ •• __ ._. •• ••• •
0800_•••• _. • •• •
0815•••• • ••• _

1.17
1.50
2.00
2.46
2.83
3.32
3.59
3.49
3.22
3.01
2.65
2.12
1.82
1.46
1.24
1.08
0.94
0.86
0.69
0.50
0.46
0.43
0.38
0.37
0.42
0.48

73.5
74.0
75. 0
76.0
77.5
78. 5
19.0
78.5
78.5
78.0
77.5
77.0
76. 5
76.5
76.0
76.0
75.5
75.5
75.5
75.0
74.5
74.5
74. 0
74.0
74.0
74.0

0.78
4.71
5.57
8.08

10. 46
12.24
12.36
11.31
9.45
8.21
6.98
5.66
4.99
4.30
3.84
3.27
3.06
2.80
2.66
2.26
2.00
1.88
1.54
1.23
1.17
1.33

74.5
75.0
76.0
77.0
78. 5
19.5
80.0
so. 0
80.0
79.0
19.0
78.5
76. 0
76.0
76. 0
76.0
76.5
76.5
76.5
76.0
75.5
75.5
75. 0
75.0
75.0
75.0

6/8- • -- - - - .------ -.-----.- .--

~~::::::::::::::::::::::::::
2/8- - •• -- -. •• _. __
1/8- - - - -.-. _. __ - - --- __ ._ • _
1/8- --. ---. __ ••_----_ ••_----
1/8- - - ----._._. -- -- -••• ------1/8 ._ ••• •• _

2/8- ------•••-- ------ ••----.-2/8- --. -.-.__ •• ----- _
Dark•• • •__• _

____ .do . _••• •• __ ~ _
_ •do ._. ._
____ .do . •• _
_ do •• •__ "" ._
_____do . _. •. •
_____do • • __ •__ •• ••
__ • _.do . _~ •__ •__ •_••
_____do ._. • •
_____do • .. _. __ ._
_____do • •__• _
_____do •• • •• ••
___ ••do ._. .• ••
1/8 -- • • ._
1/8 ._ • • ._
1/8 -- __ •• • ._

Sun clouded over.
Tanks partly exposed to sunlight.
Tanks rUlly exposed to sunlight.

Do.
Do.

Tanks 1/4 shaded Crom sunlight.
Tanks 1/2 shaded Crom sunlight.
Tanks almost entirel)' shaded Crom sunlight.
Tanks completely shaded Crom sunlight.

Do.
Dark.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Daylight Visible at 0620.
Sunlight Visible.
Tanks partly exposed to sunlight.
Tanks almost all exposed to sunlight.

I Tank 1 was cleaned on Nov. 4,1957 and the water was still relatively low In algae on Nov. 12 and 13.
, Tank 2 had a high conrentration oC algae (Chlorella).

ApPENDIX TABLE 3A.......:.Oxygen concentrations (ml.ll.) observed in sex ratio-fish concentration experiment, AUgUBt e7
November S6, 1958

Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6 Tank 7 Tank 8 Tank 9 Tank 10 Tank 11 Tank 12Date Zone
time--------1---------------------------------------

Aug. 27 •• _
Sept. 4 • __ • _

12••• _
19__ •__ • ._

Oct. 2 • _
9 •• _

16 •__ ._. __
23 •__ • _
30 _

Nov. 6 • __ • _
13 •• _
20 ._. __
26__ • •__ •

0830
0830
0815
OSlO
0815
0815
0815
0800
0800
0800
0800
0800
0800

5. 65 1. 68 5. 36 3. 18 3. 28 2. 63 4. 90 3. 80 3. 62 2. 24 4. 69 3. 664.04 ._ ••• • • ••• •__ • ••• • ._ •• ._._. ._. . 1.62 __ ._._____ 4.18

~: gg ::::~::::: :::::::::: :::::::::: :::::::::: :::::::::: _. ~~~:_ :::::::::: :::::::::: '----2:84· :::::::::: U~
_ • •• __ •• _. •• __ 2.48 ._________ 3.65 __ •• _•• 0.36 _••• •••_•• _. •• • .• __

1.75 __ ._. •• • ." • ••• •• ._. __ .__ 2.72 1. 25 • •• _
_____ ••• ._•• ._________ 1.98 0.43 • •__ ••• •__ • • •• •• 1.00
____ •••• • •• • 0.80 1. 64 • ••• _. ._ •• __ ._ ••• 0.81
_ •• _. __ ._. .________ 2.74 0.76 •• • •••• •__ • ._. ._____ 1.82

2.45 • • . •• • •• 2.22 • • • • ._____ 2.03
1.58 ._:______ 0.81 __ •• •__ • .__ 1.16 • • •• _
3.90 • .___ 0.30 ••• .____ 1.64 • ._. ._. •• __

1. 44 ._ •• •• ••• ••• 1.06 2.87

ApPENDIX TABLE 3B.-Oxygen concentrations (ml.ll.) ob
Bervl'd in feeding experiment, A'ltgust tn-November 11I6, 19158

Date Zone Tank 13 Tank 14 Tank 15 Tap
time water

--------1---- ----------------

~:Ji.~.::~~~~~~~~::~~~
19 •• ._

Oct. 2__ • •• ._
9_. _._._ •• •
16__ ._._. ._
23. _._. ••
30 ._ •• _. ••

Nov. 6_. ._. •• _
13_ •• • ••
20. _. ••_. __ ••
26_ '_' _

0830 1.17 1.94 1. 04 __ •• _. _
0830 2.81 __ •• ._ 5.74
OS15 1. 09 __ •• ••• _
0810 2.31 • • ••• _. _
0815 • 0.99 ._________ 5.96
OS15 _••• _•• •••• 1. 68 5.66
0815 1.15 __ • ._ 5.68
0800 0. 86 __ •• ._ 6. 00
0800 • ._._____ 2.98 5.84
0800 • .____ 1. 69 6.57
0800 •• 0.97 5.96
0800 1.83 •__ • 6.68
0800 1. 45 ._. 6.30
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ApPENDIX TABLE 4.-0xygen concentrations (ml./I.) in
tanks 13, 14, and 16 during heatin.g experiment, January
16-August 27, 1959

ApPENDIX TABLE 4.-Oxygen concentrations (ml./l.) in
tanks 13, 14, and 15 during heating experiment, January
16-August sr, 1959-Continued

Tank 14 Tank 151 -
Zone (with (with Tap
time Tank 13 heating heating water

cable and eable
cover) only)

---------1------------

ApPENDIX TABLE 5.-Oxygen concentrations (ml./l.) in
brackish-water and fresh-water tanks, during salinity
spawning experiment, August 6-September 24, 1959

Tank 141 Tank 15

Date
Zone (With (With Tap
time Tank 13 heating heating water

cable and cable
cover) only)

-------------
Aug. 1t:::::::::::::1

0800 2.08 1. 51 2.69 6.26
0800 4.92 0.84 1.60 5.9820__ •_______ • ____ 0800 4.42 1.53 3.00 5.7027. ___ •_____ •____ 0800 3.71 0.89 1. 18 5.97

6.26
5.98
5.70
5.97
7.25
5.56
l}.05
6.34

Tap
water

2.63
2.08
1.13
1. 42
0.61
1.44
1.28
2.34

Tank 5
(fresh
water)

4.95
4.16
3.21
3.22
1.82
1.18
4.11
0.00

Tank 1
(brackish
water)

0800
0800
0800
0800
0800
0800
0815
0800

Zone
timeDate

Aug. 6 • • _
13. • . • .
20 _
27 • •

Sept. 3 • _
10 • _
17._. • • _
24 • _

5.96
6.03
5.99
5.76
5.82
6.32
6.53
6.00
4.89
5.96
7.74
5.95
6.30
6.30
6.28
6.20
5.98
6.10
6.06
6.10
6.12
5.98
5.99
5.85
6.18
5.99
6.10
5.96
5.

68

4.72
2.57
0.83
4.94
1. 17
3.09
4.39
5.09
4.05
4.84
4.87
2.86
2.04
1.53
3.28
2.27
2.98
4.05
3.01
4.46
4.55
4.46
3.93
4.99
5.39
2.92
3.55
3.34
3.40

0.80
0.69
0.78
3.04
0.95
3.59
4.14
1.86
2.11
3.56
1. 37
1.64
5.58
2.77
2.63
2.64
2.27
3.72
2.95
3.54
4.43
4.36
3.79
3.99
2.83
2.40
1. 31
2.63
1.86

6.69
2.49
1. 51
3.11
0.91
3.97
5.32
5.06
4.83
4.49
3.01
3.49
2.96
1.23
1.72
1.76
3.32
2.54
2.46
3.01
4.20
4.45
3.54
4.29
5.45
4.35
4.20
3.06
2.53

0815
0800
0800
0800
0800
OS15
0800
0805
0800
0800
0800
0800
0800
0800
0800
OSlO
OSlO
0810
0800
OSlO
OS15
0815
0810
0800
0800

iii

Jan. 16 •• _
23 •• _
28 _

Feb. 5 _
12 • _
19 • _
26 - _. _. _

Mar. 5 • _
12. _
19. _
26 - _• _

Apr. 2 _
9 • _

16 _
23 _
30_ - -_- _

May 7 ._
14 _
21. _
28 • __ ••• __

JWle 4 •__
11 • • _
18 c _
25 •__

July 2 _
9· 1

16 _
23. _
30 • _

Date

ApPENDIX TABLE 6A.-Hydrogen-ion (pH) val-ues observed in sex ratio-fish concentration experiment, October 2-Novem
ber 116, 1958

Date Zone time Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6 Tank 7 Tank 8 Tank 9 Tank 10 Tank 11 Tank 12
--------1---- ------------------------------------------------
Oct. 2 _

9 _
16 _
23 _
30_. • • _

Nov. 6 • _
20 _
26 • _

0800 7.7 8.1 8.2 7.9 8.6 7.7 8.6 7.3 7.7 8.3 7.9 7.9
0800 7..9 7.7 7.7 -8.5 7.7· 7.3 . 7.6. 7,6. 7.7 7.5 7.4. 7.7
0800 8.8 8.1 7.7 8.7 7.4 7.7 7.5 7.6 7.3 7.6 7.5 7.6
0800 7.9 7.4 7.4 7.4 7.8 7.4 7.8 7.5 7.3 7.5 7.5 7.3
0800 >8.8 ---------- --.- ---- .. ~-----...- -----.---- >8.8 >8.8 ---------. ---------- ---------- 8.1
0800 >8.8 ---------. ._.----... ·-----8:;\- 8.4 ---------- ---'>8:8- -'-->8:8- 7.9 --------.- ------8:'- 8.0
0800 8.7 8.3 8.7 7.9 >8.8 8.7 8.5 8.1
0800 8.6 7.7 7.9 >8.8 7.4 7.9 8.7 . 8.1 7.7 7.6 8.4 8.7

ApPENDIX TABLE 6B.-Hydrogen-ion (pH) values observed
in feeding experiment, October 2-November 26, 1958

Date Zone Tank 13 Tank 14 Tank 151 Tap
time water

----------1---- ----------------
Oct.

2 _______________
0800 8.6 7.4 7.7 8.09_______________
0800 8.7 7.7 7.7 8.216_______________
0800 8.7 7.6 8.1 8.223_______________
0800 7.7 7.5 7.5 8.330______ •________ 0800 8.3 ---------- ----------

Nov. 6______ ._.______ 0800 ---·--8:4- 7.7 -----.-.-- --------_.20_______________
0800 8.1 8.2 8.1

26_ .. _. __________ 0800 8.1 7.6 7.9 ----------
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ApPENDIX TABLE 7.-Hydrogen-ion (pH) values during
heating experiment, determined weekly, January 16
August 27,1969

ApPENDIX TABLE 7.-Hydrogen-ion (pH) val'ues during
heating experiment, determined weekly, January 16
August 1J7, 1969-Continued

8.2
7.9
8.1
7.9
7.9
8.0
8.0
7.9

7.7
8.3
b.2
8.1
7.7
7.9
8.1 1
8.1 I

8.3
8.2
8.0
7.7
7.7
7.6
7.5
7.6

0800
0800
0800
0800
OSOO
0800
0815
0800

Zone Tank 1 Tank 5 . Tap
time (brackish' (fresh water

water) water)
Date

ApPENDIX TABLE 8.-Hydrogen-ion (pH) val"!les in brackish
and fresh-water tanks during salinity-spawll1'ng experiment,
August 6-September 24, 1959

Aug. 6 _
13 _" _
20 _
27 _

Sept. 3 _
10 _
17 _
24 _

Tank 14 Tank 15
(with (With

Date Zone Tank 13 heating heating Tap
time (control) cable cable water

and only)
ClOver)

------------
Aug. 6_________________ 0800 7.3 7.3 7.4 8.213_________________

0800 7.7 7.3 7.3 7.920. ________________ 0800 7.8 7.3 7.5 8.127.. _. _____________ 0800 7.6 7.3 7.3 7.9

-----------1----------------

9
2

3
3

3
1
1
1
3
1
9
9
9
9
1
9
9
9
9
9

Tank 14 Tank 15
Zone Tank 13 (with (",ith Tap

Date time (control) heating heatinp: water
cable cable
and only)

cover)
---------

Jan. 16. _______________ 0815 8.7 7.7 8.6 ._----~.-23. _______________ 0800 8.4 7.8 8.3 ------Ti28. _______________
0800 7.8 7.5 7.9Feb. 5_________________
0800 8.8 8.1 8.8 8.12_________________
0800 7.4 7.4 7.6 8.19_________________
0815 7.6 7.6 8.8 ------T26_________________
0800 7.9 8.0 8.4Mar. 5________________ 0805 7.7 7.5 7.9 8.12. _______________ 0800 8.0 7.5 8.0 8.119________________ 0800 7.9 7.7 8.1 8.1

26. _______________ 0800 7.7 7.5 7.9 8.Apr. 2_________________
0800 7.7 7.5 7.9 8.

9_________________ 0800 7.7 7.9 8.1 8.116_________________
0800 ------7:7- 7.7 ---------- 8.23_________________
0800 7.4 7.7 8.30_________________
0810 8.4 7.9 8.3 8.May 7_________________
0810 7.9 7.8 ---------- 8.14________________
0810 8.1 8.1 8.7 8.21________________ 0800 7.9 ---------- 8.4 8.28________________
0810 7.7 7.9 8.1 7.June 4_________________
0815 7.9 8.1 8.5 7.ll_________________
0815 8.2 8.1 8.2 7.

18_________________ 0810 8.1 8.1 8.1 7.25_________________
0800 8.1 7.7 7.9 8.

July 2_________________ 0800 7.8 7.5 7.7 7.9_________________
0800 8.1 7.6 7.4 7.16_________________ 0800 8.3 7.4 7.5 7.23_________________
0800 7.5 7.4 7.5 7.30_________________
0800 7.8 7.5 7.7 . 7.

ApPENDIX TABLE 9.-Free carbon dioxide, bicarbonate, and normal carbonate in control and heated tanks during heating
experiment and in the fry ta'nk, determined weekly, February' S6~:Augttst S7, 1969

lIn parts per million]

Tank 13 (control) Tank 14 (heated and covered) Tank 15 (heated) Fry tank
Zone

Date time
Free Carbon- Bicnrbon- Free Carbon- Bicl1rbon· Free Carbon- Blcarbon- Free Carbon- Bicarbon-
CO, ate ate CO, ate ate CO, ate ate CO, ate ate

-------------------------------------
Feb. 26_____________ 0800 37.6 ll5.8 ---------- ------- .. -- ---------- ----_ .. ---- -----63:8- ---------- -----42:6- ------23:5Mar. 5. ____________ 0805 0.0 40.8 56.4 0.0 ---------- ---------- 0.0 15.2 0.012____________

OSOO 0.0 7.4 ll2.6 ---------- ---------- ---------- 0.0 13.0 75.3 0.0 32.6 30.119___ : ________
0800 0.0 14.6 Ill.4 3.8 0.0 136.2 0.0 3.0 93.6 0.0 19.4 37.426 ____________ 0800 8.0 0.0 154.1 6.9 0.0 122.3 5.8 0.0 ll5.8 0.0 11.4 52.7

Apr. 2______________ 0800 7.3 0.0 181. 7 5.9 0.0 141. 6 0.0 5.4 ll5.4 0.0' 3.6 58.93______________ 0800 5.5 0.0 173.3 2.0 0.0 65.2 0.0 3.6 104.8 0.0 9.8 60.7
16______________ 0800 0.0 146.4 6.7 0.0 83.4 0.0 123:7 0.0 38.8 23.723______________ 0800 5.4 0.0 147.0 6.8 0.0 86.3 ---------- ---------- - .. -------- -_ ..... ---- ~~~_._---- -_._-~._-.30______________ OSlO 0.0 2.0 ll8.4 3.7 0.0 85.5 0.0 130.5 0.0 12.0 67.0May 7______________ OSlO 2.9 0.0 111.0 3.8 0.0 92.0 0.0 79.3 0.0 7.6 56.714._____________

OSlO 3.9 0.0 ll7.0 2.7 0.0 85.4 0.0 13.4 59.1 0.0 17.2 42.821._____________
OSlO 5.7 0.0 131. 5 0.0 81. 0 0.0 82.3 0.0 7.8 55.728______________ OSlO 4.1 0.0 123.5 2.6 0.0 81. 4 0.0 76.6 0.0 29.0 34.0

June 4______________ OS15 3.8 0.0 115.9 0.0 -----~--_. 79.1 0.0 12.2 57.2 0.0 2.4 62.6ll ______________
OS15 0.0 ---------- -----_._-- ---_._---- ---------- -_._-----. 0.0 3.8 76. 7 0.0 7.4 62.918______________ OSlO 0.0 26.0 84.3 ------4:1- 0.0 10.8 83.8 0.0 16.0 57.725______________
0800 0.0 ---------- ---------~

0.0 104.3 0.0 16.2 85.0 0.0 32.0 57.1July 2______________ 0800 1.2 0.0 73.1 1.4 0.0 ll6.6 2.2 0.0 . 77. 2 0.0 32.2 46.39______________
0800 0.0 86.5 4.9 0.0 lOS. 0 4.7 0.0 111.7 0.0 15.4 58.316______________ 0800 0.0 11. 6 74.1 5.8 0.0 128. 3 3.8 0.0 107.9 0.0 11.2 60.623______________ 0800 1.7 0.0 83.5 5.5 0.0 124.7 4.8 0.0 117.4 2.3 0.0 81.430______________
0800 0.0 24.8 72.8 7.5 0.0 121. 4 3.4 0.0 109.2 0.0 31i.l 48.8Aug. 6______________
0800 6.5 0.0 180.6 8.5 0.0 ll7.3 5.2 0.0 ll5.9 1.2 0.0 76.613______________
0800 1.2 0.0 97.4 ll.5 0.0 133.4 6.9 0.0 125.3 2.4 0.0 74.620______________
0800 0.0 17.0 102. 8 10. 0 0.0 135.0 7.0 0.0 llO.7 0.0 66.2 20.627______________
0800 0.0 18.8 97.3 13.3 0.0 140.0 12.7 0.0 149.1 0.0 22.0 59.2
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ApPENDIX TABLE IO.-Free carbon dioxide, Mcarbonate, and
normal carbo'nate ·i-n brackish- and fresh-water ta.nk:s during
salinity-spawning experiment, August 6-September 24,
1969

[In pnrlll per million]

Tank 1 (brackish water) Tank 5 (fresh water)

Date Zone
time Free ICarbon, Bicarbon· Free Carbon- Blcarbon.

CO, ate ate CO, ate ate
---- ------
Aug. 6..__ 0800 1.7 0.0 94.4 3.5 0.0 111.8

13... _ 0800 0.0 19.1 69.3 0.0 30.6 65.0
20... _ 0800 0.0 14.4 86.7 0.0 24.2 SO. 1
ZI... _ 0800 2.6 0.0 123.4 0.0 39.0 71.0

Sept. 3.... 0800 4.0 0.0 183.3 0.0 SO. 6 36.3
10.... 0800 16. 2 0.0 188.5 0.0 32.2 81.8
17.. _. 0815 8.0 0.0 188.1 0.0 40.0 76.3
24.... 0800 13.6 U.O 214.0 0.0 54.4 45.3
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