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COVER: Tilapic hybrids being netted from o
production pond aon the Pentecoste Aquacul-
ture Research Center. Annual crops of 4,000
to 5,000 kilograms per hectere con be raised
by farmers using a slmple fertilization and
feeding program. UPPER LEFT: These Tilapia
grew from 60 groms to 340 grams average
site in 180-day growing period. With rice
bran fed daily ot 3 percent of total fish
weight, feed conversion was 2.8 pounds per
1 pound of fish produced. CENTER LEFT:
Aeriol view of Pentecoste Aquaculture Re-
search Stoti When completed in 1976,
there will be a total of 160 earthen ponds
with 168.1 hectares of water surfoce. LOWER
LEFT: Examining a freshwater prawn are Dr,
Leonard Lovshin (left), Auburn University’s res-
ident staff member and leader of the Coop-
erative Bracil Aquaculture Project, and Sr.
Fernando Melo, Brazilian biologist.
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Progress Report on Fisheries Development
in Northeast Brazil

LEONARD LOVSHIN*

INTRODUCTION

SINCE 1966, the Auburn University International Center for
Aquaculture has been under contract by USAID to aid in
Improving the freshwater fisheries resources in Noitheast
Brazil. Preliminary survey trips to the semi-arid Northeast
were made in 1966, 1967, and 1968 by Auburn University
personnel at the request of DNOCS! to evaluate methods of
increasing the amount of animal protein from fish that could
be made available to the population of the area. These sur-
vey trips resulted in the recommendation that pond and lab-
oratory facilitics be constructed and a research program estab-
lished to determine the potential of intensive fish culture in
the Northeast. A site for the research center was chosen in
Pentecoste, Ceara, and construction of ponds was begun in
early 1969. USAID cntered into an agreement with DNOCS
and SUDENE? to provide financial and technical support to
establish a freshwater rescarch aboratory in Fortaleza, Ceara.
In November 1969, the Auburn University International Cen-
ter for Aquaculture was contracted by USAID to provide
technical assistance in intensive fish cufture to DNOCS. Dr.
Norris Jeffery was the technical advisor from November
1969 to November 1971. At the end of this 2-vear contract,
DNOCS asked USALD to extend the present contract so that
technical assistance in intensive fish culture could be con-
tinued. Task Order 8 was finalized in March 1972 and the
author began his 2-year tour of duty on June 16, 1972, The
scope of the author’s duties was;

1. Assist DNOCS and qualified private organizations and
individuals to program, develop, and implement cffective
methods of intensive freshwater pond fish culture in North-
east Brazil.

2. Assist the Center for Ichthvological Research (a sub-
division of DNOCS for the development of freshwater fish-
erles in the Northeast) in the development of its Northeast
fisherles rescarch program by providing technical assistance
in: (a) the design, construction, and operation of rescarch
demonstration facilities specifically designed for intensive
freshwater pond fish culture; (b) the development of fresh-
water fish culture research to determine the most effective
combination of species for commercial fish culture, to perfect
methods of controlling fish diseases and parasites and weeds,
and to test Jocally available fish feeds; (¢) the training of
local technicians to assist the private sector in establishing
intensive freshwater pond fish cnlture techniques and opera-
tions; and (d) the development of a DNOCS research facility
to puticipate in the comprehensive and systematic interna-
tional Information exchange system on fish culture techniques.

® Assistant Professor, Department of Fisheries and Allicd Aqua-
cultures and International Center for Aquaculture.

$ Departamento Nacional de Obras Contra as Seeas { National
Department of Works Against the Drought).

#Superintendency for the Development of the Northeast,

Past developments in intensive fish culture and reservoir
management, as well as a description of the geography of the
Northeast, can be found in Progress Reports 1 and ll on Fish-
eries Development in Northeast Brazil.3:4

STATUS OF THE FISHERIES PROJECT
Administration and Personnel

In February 1973, DNOCS made a great advance by creat-
ing a separate Department of Fisheries and Fish Culture.,
Before that time the Division of Fisheries was under the con-
trol of the Department of Agronomy. In this situation, top
level policy decisions concerning fisheries were made by men
with little knowledge or understanding of fisheries. As a re-
sult, administrative procedures were often slow and poorly
planned. Leadership in the Department of Fisheries was pro-
vided by the late Dr. Adhemar Braga, who had worked
the field of fisheries within DNOCS for many years. He had
a firm understanding of fisheries work and the problems that
had to be solved to improve the DNOCS fisheries program.
In the vear and a half that Dr. Braga headed the Depart-
ment, vast improvements were made in departmental organi-
zation, departmental communication, morale, and general
status within DNOCS.

The untimely deuth of Dr. Braga in June 1974 left the
Department of Fisheries leaderless. DNOCS is presently
searching for a successor to Dr. Braga, )

With the creation of a Department of Fisheries, a general
reorganization of the fisheries organization was made (chart,
page 4). The new organizational structure incorporates the
Convenio DPANS, which was the result of the oviginal work-
ing agreement between USAID, DNOCS, and SUDENE,
into the Center of Ichthvological Research.

The Center of Ichthvological Research now employs 15
full time biologists and I laboratory technician. The hiolo-
gists work within the disciplines of fish culture (3), limnology
(3), reservoir management (2), fish taxonomy (1), fish
technology (1), fish economics (1), extension (2), soil and
water chemistry (1), and parasites and diseases of fish (1).
Responsibilities of the center’s stafl are divided between re-
search (3i-time) and teaching (Y4-time), During the author’s
2-year tour, the center’s rescarch staff has been expanded
from 11 to 15 biologists and a libzarian has been added.

"Jerreny, N B, 1972, Progress Report on Fisherles Develop-
ment_in Northeast Brazil, 1. Project AlD/¢sd-2270, Task Order
No. 3, Internationa! Center for Aquaculture, Auburn University,
Auburn, Alabama.

‘Davies, W, 1D, 1972, Progress Report on Fishieries Develop-
ment in Northeast Brazil. Project A11D-2270, Task Order No. 4,
International Center for Aquacalture, Aubuen University, Auburn,
Alabana,

* Desenvolvimento da Pesca nos Acudes do Nordeste Brasilelro
(Development of Reservoir Fishing in Northeast Brozil), -
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Adminlitretive plan for development of fisheries and fish culture.

Eight of the center’s resident biologists were trained or are
receiving training in their specialities in the United States.

Financial Inputs

Table 1 shows the financial inputs of the host ountry
agencies involved in the project. As the abilities and outputs
of - the rescarch center have increased, so have the financial
fnputs of the Brazilian governmental agencies. This increase
fn finaucial support has ullowed the rescarch center to con-
tinue expanding its facilities, thereby greatly increasing its
ability to conduct meaningful research and to transmit knowl-
edge lof results to both the public and the private sector of
Brazil.

TasLe 1. Fuxps Provioen ny Govensstext or Brazin Fon
Convenio USAHY/DNOCS/SUDENE, 1967-74

' . , g ) Pct. to
Year DNOCS' SUBIN* SUDENE Total DNOCS

Crs Cr$ Cr$ Cr$ Pct.
1007............ 50,000 204,000 254,000 10.7

1068........... 100,000 200,000 .. 300,000 33.3
1069............ 100,000 200,000 .. 300,000 33.3
($ 75,000 US)
1970............. 121,000 200,000 ... 321,000 317
(8 71,333 US)
1971........... 200,000 200,000 .. 400,000 50.0
($ 80,000 US)
1972....._. - 220,000 200,000 200,000 620,000 35.5
(8112,727 US)
1978.......... 800,000 225,000 1,125,000 711
($187,500 US)
1974............ 487,000 200,000 425,000 1,112,000 43.8

(8158,857 US)

' Departamento Nacional de Obras contra as Secas.
:Sccretmin de Cooperacao Economica e Tecnica International.
Superintendencia do Desenvolvimento do Nordeste,
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Laboratory .nnd Research Facilities

Headquarters of the Center of Ichthyological Research are
located in Fortaleza, Ceara. Two houses have been converted
into laboratory and office areas. These two buildings have
recently been remodeled and painted, which greatly improved
their appearance. The laboratory, while small in arca, is
equipped for a wide range of chemical and physical water
analyses and standard analyses for content of fish feeds and
flesh. A fisheries library is also located at the center’s head-
quarters.

Pond research facilities are located in Pentecoste, Ceara,
100 kilometers west of Fortaleza. The present intensive fish-
culture research facility contains 56 carthern ponds ranging
in size from 0.035 to 0.5 hectare. Also located at the site
are 10 concrete sided, carthern bottom tanks (30-square-
meter size) used for fish spawning, raising of larval fishes
and shrimps, and for experimental purposes. Other facilities
include a building containing equipment and net storage
arca, office space, laboratory, wet laboratory, and eight
4-square-meter  concrete holding tanks. The “laboratory s
equipped to do routine water quality analvses and limnologi-
cal studics. The wet laboratory contains eight 500-liter ce-
ment-fiber tanks with separate inlets and drains, aquariums,
and air compressors for providing aeration to the tanks and
aquariums. Located alongside the main building is a feed
house that contains a small machine for pelleting experi-
mental rations, scales for accurately weighing rations, and a
storage arca for feeds and basic feed ingredients.

The first phase of a companion research station located
below the Pentecoste reservoir dam is nearing completion,
Construction of 48 small carthern ponds (0.0-l-hectare size)
with related water inlets and drains will be completed in
February 1975, Alrcady in use are three ponds with natural
basins ranging in size from 0.3 to 0.7 hectare, which were
constructed by closing off natural depressions with earthen
dams. Water for this station will be supplied by gravity from
Pereira de Miranda reservoir in Pentecoste.  Operation of
these two research facilities, located 5 kilometers apart, will
be coordinated by the Center of Ichthyological Rescarch.

The Pentecoste intensive fish culture research station is
now the largest freshwater rescarch station of its kind in
Latin America. With the completion of the 48 new ponds,
it will have a total of 107 carthen ponds ranging in size from
0.035 to 0.8 hectare, Total arca at water level will be ap-
proximately 8.5 hectare.

Located on the shore of Pereira de Miranda reservoir is a
large modern boat house that houses boats, outhoard motors,
gill nets, and related equipment for reservoir studies. The
Center of Ichthyological Reseirch also maintains a garage,
machine and carpentry shop, and storage areas in Pentecoste.
At the disposal of the research center are a DNOCS run hotel
that provides meals and lodging and a classroom for instruc-
tion.

AQUACULTURAL RESEARCH

A program of aquacultural research has been in progress
the last 2 years. This work has been directed towards eval-
uating Brazilian fishes for culture potential and developing
culture systems for use in DNOCS irrigation projects nn(" by
Krivalc farmers. Exotic species with known culture potential

ave also been investigated.

Brazilian species of fish and shrimps with known market
value and consumer acceptance were transported to Pente-
coste from local bodies of water, the Sao Francisco River,



and the Amazon River Basin to determine their rate of

wth, production potentials, resistance to adverse environ-
montal conditions aud handling, acceptance of und efficiency
in utilizing pelleted feeds, and ability to reproduce in ponds.

Woter Quality

Water cntering the rescarch station’s ponds has a pH of
7.7 to 8.3 and a total alkalinity of 100-139 p.p.m. Surface
water temperatures range hetween 22° and 35°C. Water is
delivered through an open irrigation canal from General
Sampaio reservoir 35 kilometers fiom the station.

Fisheries Research

SasaLo (Brycon sp.). Sabalo were received in a shipment
of fish from the Amazon Basin in Peru. The fish were stocked
in a 0.04-hectare carthen pond at the rate of 8,150 per hee-
tare. Their average weight at stocking was 3 grams.  After 9
months of growth, during which time fertilizer and a low-
protein pelleted ration were added, the experiment was term-
inated. Production was 620 kilograms per hectare; average
welght per fish was 84 grams. The growth rate of saubalo
was considered slow cven in view of the high density at
which it was stocked. The fish readilv accepted a pelleted
ration. It handled well, but was difticult to seine as it
readily jumped to avoid the net. The fish when caten were
found to contain large numbers of small intermuscular bones.
It is not yet known if sabalo will spawn in ponds.  Further
studies with this fish have been deferred to concentrate on
finding a more promising species for culture.

Maxpr Chorao  (Pimclodella brasiliensis).  Frv of this
species were tralnspm'lvtl from the Sao Francisco River and
stocked into four (1L033-hectare carthern ponds at the rate
of 4,200 fish per hectare. Average size of mandi at stocking
was 22 grams. The ponds were fertilized with triple super-
phosphute and organic manure and the fish were fed a low-
protein pelleted ration at 3 percent of their body weight per
day. After 286 days, the ponds were drained. Average pro-
duction was 314 kilograms per hectare with an average
weight per fish of 100 grams. Mandi fed well on the pel-
leted ration and proved to be an excellent tasting fish with
tew bones. Fish of this species were able to withstand nor-
ma! handling, but they have sharp spines which make their
handling difficult. It is not known if mandi can reproduce
in pon(ﬁ Because of slow growth and low production per
hectare, testing of mandi has been suspended  until some
other species have been investigated.

Tamsagut (Colossoma bidens). A shipment of 74 tam-
baqui from waters of the Amazon Basin near Iquitos, Peru,
was stocked into a 0.035-hectare earthen pond on January
21, 1972. These characids had an average weight of 6 grams
and were stocked at 2,077 per hectare. The pond was fer-
tilized twice during the first 6 months with 168 kilograms of
cow manure (448 kilograms per hectare) and four times in

Tantk 2. Svamany oF THE Resvrrs or Tasusauy
(Colossoma bidens) Rasen v ax Eantues Poxp

Result

Performance measure

the same period with 600 grams of triple superphosphate
{16.8 kilograms per hectare). Later fertilization was un-
necessary since fertility was sustained by the addition of feed
only,

The fish were initiallv fed a pelleted ration 6 davs a week
at 3 percent of the weight of the standing crop of fish in the
pend. The feeding rate was adjusted monthly following
snmll)lin of the fish population by seining. Tambacqui were
fed halt their allotted dailv ration in the carlv morning and
half in late afternoon. Poor water quality developed in the
latter part of the experiment, necessitating a reduction in the
feeding rate. The rvation contained 29.1 percent protein, of
which 8 percent was of animal origin. Fish meal made up
3.5 pereent of the animal protein, The experiment was term-
inated after 403 davs. Table 2 summarizes the results,

Tambaqui adapted well to the alkaline waters of the
Pentecoste rescarch station. Thev accepted a pelleted ration,
were tolerant of low dissolved oxvegen and handling, and
were easily captured with o seine.

An attempt was made to spawn Tambadqui that had reached
sexual maturity in a captive environment at 4z vears of age.
The fish were injected with pitaitaries taken {rom curimata
comum, Prochilodus cearensis. Lggs were obtained from one
fomale, but fertilization was not accomplished because sperm
from male fish were not available.

Puuaritiea  (Mylossoma bidens), A shipment of 94
pirapitinga from waters of the Amazon Basin near Iquitos,
Peru, was stocked into a 0.035-hectare carthen powd on Jan-
uary 21, 1972, These characids were stocked at 2,632 per
hectare at an average weight of 9 grams. The pond was
fertilized twice during the first 6 months with 16 kilograms
of cow manure (448 kilograms per hectare) and four times
in the same period with 600 grams of triple superphospliate
(16.8 kilograms per hectare). After 6 months of enrichment,
additional fortilization was unnecessary.

The fish were fed a pelleted ration 6 davs a week at the
rate of 3 pereent of weight of the standing crop of fish in
the poud until poor water quality necessitated - reduction
in feeding rate. This rate was adjusted monthly following
sampling of the fish population by scining, The allotted daily
ration was fed in equal feedings in early morning and late
afternoon.  The ration coutained 29.1 percent protein, of
which 8 percent was animal protein. Fish mea made up
3.5 percent of the animal protein. The experiment was termn-
inated at 403 davs. Results are summarized in Table 3.

TapLe 3. Susmaany oF ReEstias or PIapiminca
(Mylossoma hidens) Rasen v ax Eantnex Posp

Result

Pe ance meas

Performance measure Per pond .
Total yield ... s 88.3 kg 2472.0kg
Net gain . oo e 87.4 ke 2,447.0ky
Average weight at stocking . ... 0.0 g
Average weight at harvest ... 092.0 g«
Weight of ration fed e 2057 kg 8,280.0 kg
Average weight gain per day. 2.4 f
Conversion ... .. ... e 3.38 kg

Survival . ... USRI * 7 LA

Per pond Per ha

Total yicld 89.0 kg 2.509.0 kg
Netgain ... . . i 89.2 ky 2.495.0 kg
Average weight at stocking .. ... ... 60 g

Average weight at harvest . .. ... .. 1,2450 g

Welght of ration fed . 2742 g 7,678.0 kg
Conversfon . . .. .. oovcecane 3.07

Average weight gain per day 3.0 g

Survival ... ... 1004

Pirapitinga reacted favorably to environmental conditions
at the Pentecoste research station, and they accepted a pel-
leted ration, were tolerant of low dissolved oxvgen and bhan-
dling, and were <asily captured with a seine. In addition,
they ate a wide range of fruits and vegetables thrown into
the pend.



Pirapitinga reached sexual maturity in the research cen-
ter’s ponds in 3 years. Muture males and femules were in-
]ecte(rowltl\ jtuitaries tuken from the characid, Prochilodus
cearensis. The spawn from one female was mixed with the
sperm of several males and the fertilized eggs developed to
the 82-cell stage before total mortality occurred.

More detailed information concerning tambaqui and pi-
rapitinga can be found in a publication by Lovshin, de Silva,
Fernandes, and Carneiro-Sobrinho (1974).

Mirror Cane (Cyprinus carpio). Preliminary work was
begun using the widely cultured mirror carp, a fish originally
from Cermany that has bheen cultured in Brazil for many
years. The carp were fed 8 days a week with a ration of
rice bran at 3 percent of the weight of the standing crop of
fish. Experimental ponds were ?crtilizcd weekly with the
equivalent of 1400 kilograms per hectare of cow manure
for 5 months. Preliminary results show a total production
of 812 kilogramns per hectare in 245 duys when carp were
stocked at 2,240 per liectare at an average weight of 16

rams, which is not considered satisfactory for mirrer carp.
t is thought possible that many vears of inbreeding of tuis
strain of carp has caused a regression in growth character-
istics. It is recommended that a faster growing strain of
mirror carp (Israeli strain) be introduced if work with carp
is to be continued. A dict more nutritious than rice bran
should also be tried.

While the present strain of mirror carp in Brazil may not
be a fast grower, it is casily spawned at least twice a year
using common methods reported i the literature. . Water
hyacinth roots and artificial mats have both been satisfactory
as receptacles for the adhesive eggs.

Tiaria sp. Tilapias are presently being raised in most
tropical countries in_the world. They are a good culture fish
in tropical arcas where animal protein sources are limited
since they produce high viclds on a wide range of agricul-
tural waste products and organic manures with intensive
culture. Despite many advantages, Tilapia have the disad-
vantage of reproducing heavily, which results in over-popu-
lating the pond. The Jarge number of small individuals pro-

duced are undesirable for commercialization. This disadvan-
tage wes demonstrated by the following experiments:

When stocked at the rate of 5,000 per hectare in ponds
fertilized with cow manure and fed a ration of 50 percent
wheat bran and 50 percent castor bean meal, Tilupia nilotica
grew to a total weight of 3,680 kilograms per hectare in 238
days. Only 5.3 percent of the fish exceeded 75 grams, which
is considcred the minimum commercial size.

In an attempt to comrect overpopulation by Tilapia, u
commonly available predator, pescada do piaui (Plagloscion
squamosissimus), was stocked with T. nilotica.

Tilupia were stocked at the rate of 5,000 per hectare in
ponds that had been fertilized with cow manure. Pescada
do piaui were added at the rate of 2,000 per hectare. The
ponds were fed a ration of 30 percent wheat bran and 50
percent castor bean meal. After 238 days, average total pro-
duction of Tilapia for all ponds was 2,114 kilograms per hec-
tare and 70.7 percent were of commercial size. Resnlts of
this experiment are reported in Table 4. The combination
of Tilapia and pescada was not considered highly desirable:
although the percentage of commercial size Tilapia was in-
creased 65 percent in this experiment, total Tilupia produc-
tion was reduced by 1,566 kilograms per hectare. Further
trials with Tilapia in combination with other locally available
predators are indicated.

An cxperiment to test the economics of raising T. nilotica
in association with pigs was completed. An carthen pond of
3,800 square meters was stocked at the rate of 10,000 per
hectare with fingerlings averaging 13 grams cach. This pond
had a pig sty located on its margin, surronnded by a corral
which allowed the pigs to enter the water and still be con-
fined. The pig sty was 36 square meters, with a cement floor,
wood sides, and palm frond roof. Twenty-three pigs with
an average weight of 17.9 kilograms were placed in the
sty and fed a simple ration at 5 percent of their body weight
per dav. Waste feed and pig waste products were washed
into the pond daily. The pond reccived no other fertiliza-
tion. After 150 days the pigs, which averaged 53.7 Kilo-
grams, were sold and the pond was drained. Total produc-
tion of Tilupia was 1,902 kilograms per hectare, ()g which

TABLE 4. PERFORMANCE OF Tilapia nilotica Stockep witit PreEbaton PEscapa po Prave { Plagioscion sguamosissimus )

___H_osult, by treatment

T. nilotica + predator! T. nilotica alone®

Performance measure

38 ponds, 4) ponds, 39 ponds, 40 ponds,
342-m' 271-m’ 320-m? 316-nv?

Total production, ke/ pond

THapia oo 73.3 56.4 113,980 120.0

Pescada ..o oo oo e 6.1 4.6
Total production, kg/ha

THAPIA oo oo e e e e e 46.8 2,081.5 3,536.1 3,804.0

Pescatla . oo o e eeergeee e nreaesnesonmasa s cnsarnneaee 1793 168.0
Net production, kg/ha

Hapia ... oo 2,049.5 1,988.2 3,462.5 3,702.8

Pescada . . . e 46.9 3l
Av, weight of fish at stocking, g

THAPIR cooooe o e et et e e ren s srve e 19.0 19.0 19.0 20.0

Pescada . .. oo e e 668.0 69.0
Av. weight of Pescada at harvest, g ... o 100.0 123.0 . -
Percent survival of pescada " 89.7 68.5 . .
Feed conversion of Tilapia . ... ... - 4.1t01 48to01l 24t 23¢t01
Weight of uscable fish (75 ¢ +), kg 'pond ... .. . 50.8 40.8 6.4 6.0
Percentage of useable Tilapia®.... ... ... . .. 69.0 72.3 56 5.0
Days of experiment . ... SO OUPSI VN 238.0 238.0 238.0 238.0
Fertilizer applied, ka/pond ... 332.9 202.6 305.6 305.6
Feed fed, kg/pond .. e e 238.5 215.5 260.7 272.2

T, nilotica, 5,000 per hectare; Pescada do Piaui, 2,000 per hectare.

5,000 per hectare.
8 At value as defined by Swingle ( 1950).


http:prese.nt

453 kilograms, or 23.8 percent, were of commercial size (75
grams+). Feed conversion for the pigs was 5.2:1 and for
the pigs and fish combined 2.9:1. The 1,902 kilograms per
hectare production of T. nilotica, with pig waste only, in 150
days compares favorably with the theoretical production of
this species (2,319 kilograms per hectare in the same time)
with the addition of cow manure and feed. An economic
analysis for a I-hectare pond in which T. nilotica were cul-
tured in association with pigs is tabulated in Table 5.

Tilapia hornorum males were crossed with T. nilotica fe-
males to produce 100 percent male offspring. The culture
potential of 100 percent male hybrids was studied in 355
square-meter-size carthen ponds. The experiment included
three levels of productivity, cach with two rates of stocking,
replicated three times in a factorial design. Levels of pro-
ductivity were: (1) organic fertilizer, (2) feeding, and (8)
without feeds or fertilizer (control). Stocking rates were
5,600 fingerlings per hectare and 8,960 per hectare, each
rate being st()ckuf in nine ponds. The ponds that received
organic manure were fertilized once a week with 30 kilo-
gramns (840 kilograms per hectare) of cattle manwe, Ponds
that were fed received a ration of 50 pereent wheat chaff and

TapLe 5. Preninunany Ecoxoaie ANaApysis or Pics Rasenp N
Association witit Tilapia nilotica oN Privatery OwNen
Fanass 1N Ceana, l-Hecrare Fisu Poxn with
150-Day RaisinG Perion!

Cost or income item

Amount

Investments
Construction of ponds, inlets, drains _.

Cr$ 15,935.00¢
Fishing seine . . . . 500.00

Feed storage houses e e e :’.40000

Tools and equipment . o 150.00

Pig sties 97-m* . e 5,240.00
Total e . Cr$22,125.00

Costs

Fixed:
Administration ... . ... .. L. .
Maintenanee oot e Cr$ 321,00
Amortization . . e 885.00
60 pigs weighing 1,074 kg (at Cr$ 3.25/kg) ... 3,490.50
Total oo e e eeeeeeeeerenneneeee. . C1$ 4,666.50

Variables:
Feed (11,460 kg at Cr$ 0.32/kg)....... ... . .... Cr§ 3,667.20
Fertilizers ... .. ... e 370.00
Water ... s
Fingerlings (10,000 units) ... ... ... 600.00
Interest rates w/o work capital . 65.00
Operation ... ... ... e 130.00
Harvesting fish . . . 20.00
Maintenance ... TR 16.00
Marketing costs ... . . . 80.00
Various other expenses . .. 100.00

Total . e eeieeene. Cr8 5,048.20

Gross Income
60 pigs (live) weighing 3,342 kg (at
Cr$ 3.70/ky) e e et e
Sale of 458 ky of Ash of commercial value of
Cr$ 3.50/kg and each weighing more

Cr$ 12,365.40

than75¢ .. . ... et eaeemae i areuesresaneaene 1,603.00
Sale of 1,444 kg of fish of non-commercial

value at Cr$ 1.00/kg with cach weighing

less than 75 ¢ ... .. e e 1,444.00

............ . Cr$ 15412.40

. Cr$ 5,607.70
(US. § 049.61)

* Analyzed I)r Edson Rodrigues Lira, Economist, Centro de
;’)esqullslas Ietiologicas, National Department of Work Against
roughts,

Total ...
Net income (profit)

When two species of Tilopia are erossed (male T. hornorum at top and
female T. nilotica ot bottom', youny fish produced are all males (center),

50 percent castor bean meal, applied 6 davs a week at 3 per-
cent of the weight of the stun(‘ing crop of fish. The ration
contained approximately 25 pereent protein. Ponds that were
stocked at the same rate were fed equally: each received
half of the daily allotment in carly morning and half in the
late afternoon. The maximum rate of feeding was 50.6 kilo-
grams per hectare per dayv for a l-month period, in ponds
stockcdl at the rate of 8,960 fish per hectare,

Analysis of variance showed a significant difference (0.05
level) in total fish production between the two rates of
stocking and a highly significant ditference (0.01 level) he-
tween treatments.  Thus, higher fish production resulted
from a high rate of stocking with the use of feeds. A sum-
mary of these results is given in Table 6.

A sceond experiment was undertaken to give additional
information on the production of Tilapia hybrids using or-
ganic fortilizer, chemical fertilizer, and a combination of or-
ganic fertilizer and feeding during a I-year growing period,
A rancom design was used with three treatments replicated
twice. All ponds were stocked with 8,960 fingerlings per hec-
tare. The two ponds that received organic fertilizer only
were fertilized with cow manure at the rate of 1,400 kilo-
grams per hectare per week. The two ponds that were
treated with chemical fertilizer received 28 kilograms per
licetare of triple superphosphate and an equal amount of
ammonium sulfate every 2 weeks. The fertilizer was applied

7
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TAsLE 6. PerrorMANCE oF Mare Hypmiv Tilapia ar Two Stocking Rates :A.ND THREE TREATMENTS

Result, by stocking rate and treatment

Performance measure

Stocking level, 5,600 per hectare

Stocking level, 8,960 per hectare

Control Organic fert. Feed Control Organic fert. Feed

Total production

Kg/pond.....cooooeemeeeceaacaececnnns 11.8 28.7 35.0 9.9 36.3 63.5

Kg/ 330.0 804.0 980.0 277.0 1,018.0 1,778.0
Net production

Hg/pond . 10.3 27.3 33.6 6.4 33.1 60.0

Kg/ha . 288.0 764.0 941.0 179.0 927.0 1,680.0
Av. weight of fish

At stocking, g 7.4 7.4 7.1 8.0 7.3 7.2

At harvest, g ........ 58.0 166.0 185.0 36.0 148.0 220.0
Percent survival ... ... 83.3 86.5 94,0 87.3 90.1 §6.4
Fertilizer applied

KE/AQ oo 990.0 . 990.0

Ke/pond ..o eeece 27,720.0 - 27,720.0
Feed fed

Kg/pond oo 01.3 . 163.5

Resha oo 2,556.0 4,578.0
Feed conversion ........oooooveeecivvneeee 2.7:1 . 2.7:1
Days of experiment... .........oocoeeenen. 253.0 253.0 253.0 253.0 253.0 253.0
Growth, g/day .. ... .. 0.2 0.6 0.7 0.1 0.6 0.9

' Treatment results are the averages of three replicates.

by placing both components together in a floating, perforated,
plastic pail. The remaining two ponds which received fer-
tilizer and feed were fertilized with 1,400 kilograms per
hectare per week of cow munure for 9 mouths. At this time
fertilization was stopped because fecding alone maintained
the water fertility at a high level. The ponds were fed u
ration of 50 percent wheat chaff and 50 pereent castor bean
meal in the early morning and late afternoon, Fish were fed
8 percent of their body weight, 6 days u week. Fertilization
of all ponds that were to reccive either organic or inorgunic
fertilizer was begun 2 weeks prior to stocking to increase
the available natural food supply when the fry were intro-
duced.

TasLe 7. Penronsiance of Tilapia Hybrips AT

Results of the experiment are summarized in Table 7.
Statistical analysis showed a highly significant difference in
vields (0.01 level) between treatments. Total production
with feeding and fertilization was 163 percent more than
with chemical fertilization only and 264 percent more than
with organic fertilization onlv. The maximum daily feeding
rate was 122.4 kilograms per hectare, which was sustained
for a 2-month period. No fish mortality occurred.

It was hypothesized that higher fish production could be
obtained by raising Tilapia hybrids and mirror carp (Cyprinus
carpio) together than by raising either species alone. To
test this hypothesis, an experiment was begun which utilized
a random design of three treatments, each replicated three

ONE LEvEL OF STOCKING AND THREE TREATMENTS

Result by treatment

Performance measure Organic (cow ) manure

Chemical fertilizer Manure + feeding

22 ponds 24ponds Average 2l ponds 28ponds Average 23 ponds 25 ponds  Average
Stocking rate/ha ..ol 8,960 8,960 £.960 8,960 8,960 8,960
Av. weight
At stocking, € .. oeeer s 20.0 21.0 21.5 22.0 22.0 22,0 200 20.0 20.0
Atharvest, & ..o it . 1640 144.0 154.0 226.0 203.0 215.0 616.0 514.0 365.0
Total production
]\'g), 110114 OO 52.2 43.6 47.9 68.4 64.3 66.3 187.8 161.0 174.0
Kn/ha 1,462.0 1,221.0 1,341.0 1,915.0 1,800.0 1,856.0 5,258.0 4,508.0 4,883.0
Net production
Ky/pond ..o 45.7 37.0 414 81.3 57.3 59.3 181.3 154.6 170.0
F Kg/ha oo 1,280.0 1,036.0 1,159.0 1,716.0 1,604.0 1,660.0 5,076.0 4,329.0 4,760.0
ec
Kg/pond ..., 617.2 617.2 617.2
K/haoee e 17,282.0 17,2820 17,282.0
Organic manure
Ke/pond..oovieeeeeeens 2,050.0 2,050. 2,050.0 1,680.0 1,680.0 1,680.0
K/ha .o T 57.400.0 57.400.0 57.400.0 47.0400 47,0400 47,0400
Chemical fertilizer
Ammonium sulfate
k:g/L)ond 62.0 62.0 62.0
Ka/ha oo 1,736.0 1,736.0 1,736.0
Triple superphosphate
Kg/ Kond ................................... 63.0 63.0 63.0
Kg/ha ... 1,764.0 1,764.0 1,764.0
Feed conversion.........coveveveeveerenen 34 3.8 3.6
Survival, pete e 100.0 94.0 91.0 95.0 99.0 97.0 05.0 98.0 97.0
Days of experiment 356.0 356.0 356.0 3560 ... 356.0 3560 ...
Growth, g/day..........cooeueeereenne-.. 0.40 0.30 0.35 0.60 0.50 0.65 1.70 1.40 1.58




times. Mirror carp were stocked in three ponds at the rate
of 2,249 per hectare. Tilupia hybrids were stocked in three
ponds at the rate of 8,960 per hectare, and THapia hybrids
end mirror carp were stocked in three ponds at the rate of
8,960 and 1,400 per hectare, respectively. All ponds were
fertilized with 5,600 kilograms per hectare of cow manure
1 week before fish were stocked to ensure an initial natural
food supply. All ponds received additional applications of
cow manure at the rate of 1,400 kilograms per hectare
weekly for 5 months. Fertilization was then stopped because
of the high level of pond fertility. All ponds received a
ration of rice polishings containing 14 percent protein, Ponds
with mirror carp onf;' were fe(f, 3 percent of their body
weight; those containing Tilapia hvbrids only and Tilapia
hybrids plus mirior carp were fed 5 percent of the body
weight of only the hybrids. All of the ponds were fed once
a day in the late afternoon, 6 days a week, The maximum
feeding rate per dav with carp only was 22.4 kilograms per
hectare, Tilapia hybrids and carp together 60.2 kilogaams,
and with Tilapia hiybrids only 72.5 kilograms per hectare.

A summary of results of this test are given in Table 8.
Statistical analysis indicated no significant ditference (0.05
level) in total production of commercial size fish between
treatments with Tilapia hvbrids only and Tilapia hvbrids and
carp combined. Both treatments had highly significant dif-
ferences (0.01 level) when compared with the carp only
treatment. While there was no significant difference in total
production hetween the two treatments using hybrids, there

TabLE 8. Perronstance of Tilapia IIyunins axn Minnor Cany
CuLTURED SEPARATELY aAND IN Mixep Cunrtune!

Result, by treatment®

aasure Mirror  Tilapia ) g
Perforinance measure carp hybrid C.nr.p —+|-4T:I(lx}na
alone alone combinct

Production—commercial size fish

Kg/vond ... 29.0 107.8 105.9

Kg/ha oo §812.0 30184 2,965.2
Production—small Tilapia

Kg/pond ... .. ... 34.8 21.5

Kﬂ/ﬂa ................................. 974.4 602.0
Total production

Kﬂ)) ond ..o 29.2 142.6 127.4

Kg/ha oo 812.0 3,992.8 3,567.2
Av. weight

At harvest, g ..o 3790 3530 361.0 285.0

At stocking, g ..eoceoec..e. 16.0 45.0 180 45.0
Feed fed

Kﬂ/ﬁond ..................... . 62.7 440.6 293.1

Kg/hat oeeeeeeeeeees 1,756.0 12,337.0 8,263.0
Feed conversion

Harvestable fish.......... - 2.3:1 4.8:1 3.2:1

Harvestable 4+ small

1Y Y 2.3:1 3.8:1 2.6:1

Cow manure

Kg/pond.ooooeeace 1,150.0 1,150.0 1,150.0

Kg/ha....... - ... 32,200.0 32,2000 32,200.0
Survival, pet.. .ol 096 96 95 05
Days of experiment... 245 245 245.0
Crowth, g/day 1.45 1.26 140 1.00

TTreatment results are averages of three replications (ponds),
except the treatment with the mirror carp alone is the average of
two replicates because of mortality in one pond.

3 Stocking rates: mirror carp alone, 2,240 per hectare; Tilapla
hybrid alone, 8,960 per hectare; combined, 1,785 carp and 8,960

tlapia hybrids per hectare,

$ Combined treatment data are given by species for average
welght at harvest and at stocking, survival, and daily growth:
carp at left in column and T'ilapia at right.

were differences between hybrids alone and hybrid-carp
combinations. The combination produced 105.9 kilograms
of marketable hybrids and carp on 295.1 kilograms of feed,
whereas with hybrids alone production was 107.9 kilograms
of marketable fiybrids on 440.6 kilog-ams of feed. Thus,
32 percent less feed was needed to raise an equal weight of
hybrids ung carps together than to raise hvbrids alone. Re-
rroduction was found in all but one pond containing Tilapla
whrids.  Weight of the reproduction ranged between 14.6
and 46.1 kilograms per pond.

Several fish culturists have shown that Tilapia hybrids grow
faster than either parent species. However, no reports have
compared growth of the hybrids with male T. nilotica which
rrow much faster than the female T. nilotica. To test the
h\'pothosis that Tilapia hyvbrids grow faster than male T,
nilotica, an experiment was planned utilizing a random design
with three treatments, cach replicated twice. Tilapia hybrids
and male T. nilotiza were cach stocked in two ponds at
10,000 per hectare and Tilapia hvbrids and T. nilotica were
stocked together in vwo ponds at 3,000 per hectare each. All
treatments  received 224 kilograms  per hectare of triple
superphosphate and 224 kilograms per hectare of ammon-
ium sulfate in four applications over the 2aveek period prior
to stocking Tilapias. After they were stocked, all ponds re-
ceived 36 kilograms per hectare of cach chemical fertilizer
approximatelv every 2 weeks. The fertilizers were applied
by placing them in floating, perforated, plastic pails. All
treatments were fed an equal amount of rice polia[lings (14
percent protein) 6 davs a week in late afternoon, at the daily
rate of 3 percent of their hody weight. The maximum daily
feeding rate was 84 kilograms per hectare, which was fed
for 1 month,

Results of this experiment are summarized in Table 9.
Analysis of variance revealed no significant differences (0.05

TasLe 9. Prnrorvance Cosrantson BeiweeN Mave Tilapia
nilotica axo Tilapia Hypins Uspen INtessive Ceraent!

Result, by tn';ltn_u'nl’

Male T. Tilapia ___Combhined
nilotica  hybrid  Tilapia T,
alone  alone  Lyhrid  nilotica

Performance measure

Av. weight

Atharvest, g ... 299.0 3400 3460  296.0
At stocking, g ... .. 63.0 60.0 64.0 65.0
Av. growth, g ... 236.0 280.0 282.0 231.0
Total production
Kg/pond ..o 101.4 116.0 106.4
Ka/ha e 2,839.0 3,248.0 29700
Feed
Kg/pond....oooooe. .. 258.9 258.9 258.9
Keg/ha oo, . 7,249.0 7,249.0
Feed conversion 2.8 3.2
Fertilizer
Ammonium sulfate
Kg/pond ... 240 24.0 24.0
Kg/ha oo, 672.0 672.0 872.0
Triple superphosphate )
Reg/pond ..o 24.0 24.0 24.0
Kg/ha oo, 8720 672.0 672.0
Survival, pete . 985 7.5 94.0
Days of experiment .. e 180.0 180.0 180.0
Growth, g/day ..o 1.3 1.6 1.6 1.3

* Treatment results are averages of two replications,

* Stocking rate: male T. nilotica or Tilapia hybrids alone, 10,-
?00 per hectare; combined males and hybrids, 5,000 each per
1ectare,
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lovel) in average net growth of Tilapia hybrids and male
T. nilotica. Also, statistical analysis of total production of the
two treatments showed no significant difference (0.05 level)
between the two fish. In this experiment, therefore, Tilapia
hybrids did not grow significantly faster than T. nilotica
males.

All-male Tilapia hybrids are an excellent culture fish for
use in developing tropical areas. Yields of 4,000 to 5,000
kilograms per hectare per year of hybrids can be raised by
farmers with little technical understanding of fish culture if
simple feeding and fertilizing instructions are followed. Ti-
lapia hybrids arc highly tolerant of poor water quality and
resistant to discases, which reduces problems in culturing
them. The hybrids will accept and grow well on a wide range
of organic manures and agricultural waste products to keep
cost of production low. More detailed information concern-
ing mel[:ods of Tilapia Wwhrid fry production and culture
can be found in a publication by Lovshin, da Silva, and
Fernandes (1974).

In May 1974, the rescarch ponds and buildings were

flooded when unusually heavy rains caused the river Curu
to overflow. While causing little damage to the ponds and

laboratory, the flooding did cause the loss of large numbers.
f' 8 g

of fingerfing Tilapia hybrids. Further experiments were de-
layed scverat months until replacement fingerlings could be

produced.

PARTICIPANT TRAINING

Two DNOCS biologists are preseutly studying for M.S.
degrecs in fisheries at Auburn University. Joaquim Figuciredo
is specializing in fish parasites and discases and Afonso Men-
des Augusto is specializing in limnology. A third participant,
Cincinato Paiva, is participating in a l-vear special Auburn
course of study specializing in fish nutrition. Joao de Oliveira
Chacon received a 43-day special training course i fish
taxonomy, also at Auburn University.

At present, participant training is a weak point in an other-

wise strong program. The difficulty lies in finding particie
pants who have the desire and English language ability to

study in the U.S. DNOCS realizes the importance of ad-
vanced training in the United States but is unable to hire
new biologists because of upper level governmental restric-
tions on direct hiring of new personnel. This greatly limits
‘the number of people available for such training. DNOCS
biologists who have received special training in the United
Statcs are listed in Table 10.

SHORT-TERM TECHNICAL ASSISTANCE

With the aid of Auburn University, three short-term visits
were made by fishery personnel to aid the project in specific
areas of interest. Dr. Wilmer Rogers, fish parasitologist, and
Dr. Thomas Lovell, fish nutritionist, of Auburn’s Department
of Fisheries and Allied Aquacultures, spent November 20-27,
1973, working with DNOCS biologists in their ficlds of in-
terest as well as evaluating the project for Aubum University
and giving timely suggestions for improving research efforts.

Dr. jack Greenficld, regional fishery economist with the
National Marine Fisheries Service, spent November 20-De-
cember 2, 1973, working with Mr. Jolm Jensen and the
DNOCS fisheries cconomist. His efforts were  directed
towards cvaluating the economic and business potential of
commercial fish culture in Ceara and aiding in planning a
program that the DNOCS economist can follow to further
evaluate this potential. Results of this study will be pub-
lished and distributed in the near future.

All three visiting advisors presented lectures to fishery
students and DNOCS biologists at the University of Ceara
in their specific ficlds of interest.

TRIP TO JAPAN AND PHILIPPINES

The author and two Brazilian biologists who work for
DNOCS, Osmar Fontenele and Jos¢ William Bezerra e Silva,
attended the worldwide FAO Technical Conference on Fish-
ery Products held December 4-11 in Tokvo, Japan. This
conference dealt with latest developments in fishery products,
handling and preservation, and processing in developed and
developing countries. Sessions were also devoted to tropical

TasLe 10. DNOCS Brorocists TRAINED IN THE UNITED STATES 0N USATD PARTICIPANT TRAINING PrOGRAM

Present employment

Name Dates Locale Area of study —
Enployer Position
Amaury B. da Silva ... Aug. ’68-  Auburn University Fish culture DNOCS Director of Pentecoste
June 69 Rescarch Station
Helio A. Rezende Melo......... Aug. '69-  Auburn University Limnology DNOCS Director of Limnology
July "70 Research
Odilo F. Dourado ...cecoceenee. Aug. '69-  Auburmn University Fishery biology DNNCS Director of Reservoir Mgt
July 70 Program
Joaquim Figueiredo............. June '73-  Auburn University Fishery biology (M.S.) DNOCS In US. studying
Afonso Augusto.....ocoooeceenae June '73-  Aubumn University Limnology (M.S.) DNOCS In U.S, studying
Jarbas Studart Gurgel ... Mar.’71-  Kansas State University Fish nutrition DNOCS  Administrator of Freshwater
Dee. "71 University of Scattle Fish technolosty Fisherics in the Northeast
Jose Rogerlo Travares.......... Aug. '68-  University of Seattle Fish techinology University Assistant Professor—
July '69 of Ceara  Chemistry
Josc Valdo Freitas..........cceenne Aug. '68-  University of Seattle Fish technology DNOCS  Director of ¥ish Technology
) July '69 Prograin
Cincinato Paiva ....cccoccovrnmnnnen Jan."74-  Aubumn University Fish nutrition DNOCS In U.S. studying
Joao O. Chacon....c...cocomneerenee gct. ’:I_'.‘ia- Aubum University Fish taxonomy DNOCS  Fish taxonomy
oV,
8 DNOCS Blologists ............. 45 days Visited various state DNOCS

and federal fisheries
institutions




fish and aquaculture, product development, marketing, train-
ing of fishery technoll’oglsts, and international cooperation,
The conference provided an excellent opportumity to view
. some of Japan’s large and modern fishery industries, make
contacts with fishery workers from nations aronnd the world,
and gain insight into the coordination und administration of
an international conference.

After the FAO conference, the three participants flew to
Manils, Philippines, to visit the USAID,/Auburn University
fisheries technical assistance project. Guided by Dr. Rudy
Schmittou, Chief-of-Party for the Auburn University team,
they visited the freshwater rescarch stations in Munoz, Nueva
Ecija, the government fishery laboratory and rescarch ponds
in Manila, and a -umber of private milkfish farms in the
Manila area. The participants were able to observe extensive
commercial fish culture enterprises of types which are almost
nonexistent in Brazil. This was of great value for the Bra-
zilians who had previously seen little fish culture outside of
Brazil, providing a chance for them to sce that fish faming
can be an important money-making husiness.

INTERNATIONAL CENTER FOR FiSH
CULTURE TRAINING

The author firmly believes that DNOCS now las a stron
foundatlon in facilitics, trained personnel, and dcpurtment'ﬁ
organization to establish a much needed training program in
aquaculture. The Department of Fisheries has already re-
celved numcrous inquiries from other Brazilian agencies and
neighboring South American countries to provide technical
assistence and training. DNOCS gave individual training in
fish culture and related disciplines to 13 Brazilian and one
forcign biologist in 1975 and 9 Brazilian biologists in the
first 6 months of 1974,

With the Cunvenio’s facilities and personnel, an interna-
tional program for fish cnlture training can easily be estab-
lished with the aid of USAID and Aubumn University. The
program should be a well organized presentation of specifi-
cally defincd subjects. lustead of providing training programs
demanding much time and effort on an individual basis, a
single well organized program could be offered once a year
to faterested biologists utilizing DNOCS stafl and facilities.
It iz clear that the demavd for training in fish culture is grow-
ing ranidly in South America. The best source of training is
the DNOCS research station in Pentecoste, which is consid-
ered the best facility of its kind in South America.

FISHERIES, PUBLICATIONS

The following publications relating to fish culture . fish
culture extension have been published within the last  vears
or will be published in the near future.

Da SiLva, Cansemo-SosniNno, FERNANDES, AND Lovsiun,
1978. Obscrvations preliminaires sur Fobention d’hybrides
tous males des especes Tilapia hornorum et Tilapia nilotica,
Notes ct Documents sur la Peche et al Pisciculture, Centre
Technique Forestier Tropical Nouvelle Serie 7:1-8.

Da SiLva, CAnNEIRO-SOBRINHO, FENNANDES, AND LovsiN,
Ensaio preliminair sobre a criacao consorciada de especie
ictica Tilapia do nilo, Tilapia nilotica (Linnacus) e suinos
em viveiros. Notes et Documents sur la Peche et la Pisci-
culture, Centre Technique Forestier Tropical.  (In print)

Da SiLva, Cansemo-SonmiNto, FERNANDES, AND LovsiiN.
Observacoes  preliminares sobre a criacao de Tambaqui
(Colussoma bidens). Boletim Teenico da Superintendencia
do Desenvolvimeuto do Nordeste. (In priut)

DA SiLva, CARNEIKO-SonnINHO, FERNANDES, AND Lovsiy,
Observacocs preliminares sobre a criacao de Pirapitinga
(Mylossoma  bidens). Boletim  Tecnico da Superiuten-
dencia do Desenvolvimento do Nordeste.  (In print)

GREENFIELD, Lina, axNn JuNseN, 1974. FEconomic Evalua-
tion of Tilapia Bybrid Culture in Noutheast Brazil. FAO
Aquacultne Conference for Latin-America, Montevideo,
Uruguay. (Iu print)

Jenses, J. W, 1974, Fishculture Activities in the Lower Suo
Francisco River Valley, Brazil. 1974 FAO Aquaculture
Conference for Latin-America, Montevideo, Uruguay. (In
print)

Lovsiy, Da Snwva, FeEnNanprs, AND CARNEIRO-SOBNINUIO.
1974. Preliminary Pomd Culture Tests of Pirapitinga (My-
lossoma bidens) and Tambaqui (Colossoma bidens) From
the Amazon River Basin. FAO Aquaculture Conference
for Latin-America, Montevideo, Uruguay, (In print)

Lovsnix, D.. S1eva, axp Fenxaspes, 1974, The Intensive
Culture of the Al Male Hybrid of Tilapia hornorum (male)
x Tilapia nilotica (female) in Northeast Brozil. FAO
Aquucu]turc Couference for Latin-America, Montevideo,
Uruguay. (In print)

Jussex, J. W. axn ANTONIO CannEmo-Somusno, 1974,
Cartilha do Criador de Peise. No. 1 Minter, DNOCS,
Diretoria de Pesea e Piscicultura, Centro de Pesquisas
Ictiologicas.
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