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FOREWORD
PROLOGO

In Latin America, aguaculture is still in it's infancy. Ac-
cording to FAC statistics, out of the world total aguacul-
tural production of about 10 million tons in 1985, less than
80000 tons was produced in Latin America. Yet, the continent
is considered to have a vast aquaculture potential having
large underexploited waterbedies which contain world's rich-
est ichtyofauna, large and productive coastal areas and a
well developed socio-economic infrastructure. As a matter of
fact, South America is already one of the major producing
areas of cultured shrimp in the world and locally, aguacul-
ture has gained considerable economic importance.

In this context, the pressure on scientists to generate new
information on promising species, culture technologies, hus-
bandry systems, etc. is increasing. Since its inception in
1972, the International Foundation for Science (IFS) has in-
tended to contribute to this development by funding for re-
search to outstanding young scientists in this area. The or-
ganization of regiocnal workshops where grantees and scientif-
ic advisers exchange information and debate future research
plans, contributes to the upgrading of the aquacultural
science in the area. The workshop held in Lima, Peru, in
October 1986, was the second of this kind organized in Latin
America, and with its 45 lectures one of the largest agua-
cultural workshops ever held by the IFS. In this regard,
special thanks are owed to the Department of Fish Culture and
Oceanography of the National Agricultural University "La
Molina", Lima, Peru, which acted as perfect hosts and co-
organizers for this meeting.

The proceedings of this workshop are contained in this
volume. Their publication forms the second volume in a series
of IFS Aguaculture Workshop proceedings, preceded by "Aqua-
culture Research in the Africa Region" which was issued in
1986 and edited by Prof. Huisman. The publication of this
volume 1is a joint effort of IFS, the editors and Pudoc Press.
The co-editors, Dr. M. Carillo, Dr. 8. Zanuy and Prof.Dr.
E.A. Huisman are acknowledged for sharing the labourous
editing work. Dr. Carillo and Dr. Zanuy deserve special men-
tioning for their lion's share of the gpanish corrections.

At this place, I would like to thank especially the Word
Processing Office of the Wageningen Agricultural University,
especially Mrs. R. Treffers, D. 1*ami, H. P'hondt and
T. Neijenhuis for the painstaking typewriting in a language
which was often poorly understood. The graphs were redrewed
by Mr. W. Heije. Last but not least, the grantees themselves
are acknowledged for their contributions which appear in this
volume.

Johan Verreth
September 1987



DISCURSO, (Address)

por/by Dr. Carlos del Ridé, presidente del CONCYTEC, Peru

Distinguida doctora Arosenius,
Estimados invitados,
Damas y caballeros

El CONCYTEC ge siente complacido de asistir a la inaugura-
cién de este Taller, donde se tratardn temas de gran impor-
tancia para el desarrollo de la acuicultura a nivel latino-
americano.

Asi como la IFS apoya a investigadores jévenes, general-
mente en la aplicacién de proyectos de dificil financiamien-
to, el CONCYTEC por su parte tiene también una politica simi-
lar, apoyando sobre todo a los investigadores que se inician,
0 a aquellos ¢ue demuestran gran vocacién en el area de la
investigacidn.

El objetivo permanente de nuestra politica cientifica ¥y
tecnolégica es desarrollar plenamente la ciencia y la tecno=-
logia en funcién de la blisgueda de soluciones a los problemas
estructurales del pais, reducir significativamente las depen-
dencias de tecnologias extranjeras y participar en ciencia y
tecnologia en el entorno regional y mundial. La propia Ley
Orgdnica del CONCYTEC le seflala esta importante responsanili-
dad al asignarle atribuciocnes c¢laras en concordancia con su
alta responsabilidad nacicnal.

El Decreto Ley No 112 le sefiala como misidn, el fomento, la
coordinacién y la orientacidén de la investigacién cientifica
y tecnolégica en el Peri; por otro lado le compete formular
la politica de desarrollo cientifico y coordinarlo con la po-
litica de desarrollc econémico y social; ademés, debe coordi-
nar la investigacién Estatal, vigilando que ésta se lleva a
cabo dentro de los Lineamientos de Pclitica de Desarrollo
Cientifico y Tecnoldgico formuladas por el propio Consejo.

Este organismo de coordinacién y fomento, estimula el des-
arrollo de la ciencia ¥y techclogia dande apoyc técnico y eco-
némico a jévenes con vocacidén cientifica, a cientificos y a
instituciones de investigacién cientifica y tecnoldgica, me-
diante asignaciones subsidios pecuniarios que les permitan
solventar los gastos de estudios de post-grado, de prepara-
cién de tesis y ejecucidén de sus proyectos de investigacidn.

Actualmente, el CONCYTEC viene realizando esfuerzos a fin
de instituir un mecanismo de vinculacién entre los institutos
sectoriales de investigacidn, las universidades y el sector
productivo, con el objeto de desarrollar un régimen de cien-
cia y techologia gque corresponda objetivamente a las demandas
del desarrollo nacional. Esta importante labor de concerta-
cién y de apoyo se manifiesta principalmente en las coordina-
ciones de enlace y asesoramiento. De acuerdo a la politica
naciohal de descentralizacidén, ha constituido las Comisiocnes
Departamentales de Ciencia y Tecnologia, las Comisiones Con-
sultivas Nacionales de Ciencia y Tecnologia de grandes Aareas
problemidticas, y numerosas Comisiones Ad-hoc para la atencidn
de asuntos 6 temas especificos. Efectlia ademds importantes
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coordinaciones sobre la politica de desarrollo con el Insti-
tuto Nacional de Planificacién y los organismos de los diver=-
sos sectores comprometidos en el desarrollo cientifico y tec-
nolégico del pails. Tenemos fé en gue estas accionées nos con-
ducirdn a corto plazo a la institucionalizacién del sistema
nacional de ciencia y tecnolegia como mecanismo permanente de
vinculacién y coordinacidén de actividades bésicas para el
desarrol]lo nacional.

El CONCYTEC conciente del alto rol gue representa en la
politica de desarrclle de nuestre Gobierno, ha planteado los
siguientes objetivos a mediano plazo, para el periodo 19%86-
1990.

1. Consolidar un sistema nacional descentralizado de ciencia
y tecnologia

2. Desarrollar e impulsar los procesos cientificos y tecno-
légicos para el desarrolle integral, generande tecnoclo-
gias apropiadas e incorporédndolas en la agricultura, en
las actividades extractivas, de transformacién y de ser-
vicios, promoviendo la generacién de empleo y el uso
eficiente de los recursos disponibles.

3. Generar y adaptar los conocimientos y tecnologias necesa-~
rias para apoyar el desarrollo integral de las &reas
rurales mas pobles, en especial a través del estudic e
incorporacién a la produccidén de cultivos, crianzas ¥
tecnologias nativas los ¢ue constituiran componentes fun-
damentales de la alimentacidn popular.

4. Desarollar la ciencia y tecnologia necesarias para un
mejor usec y conservacién de la energia no convencional,
en concordancia con las regiones y zonas ecoldgicas del
pais, dando énfasis al autocabastecimiento de las &reas
rurales deprimandas.

5. Fomentar un mejor conocimiento, usc y conservacién de los
recurses naturales, disefiando tecnologias apropriadas,
con el fin de otorgarles mayor valor agregado en sus pro-
cesos de transformacidn; e incrementar los esfuerzos de
proteccién del medio ambiente.

6. Movilizar los recursosg nacionales y concertar las accio-
nes del Estado con los sectores productivos, el sistema
educativo ¥ la infraestructura cientifica y tecnoldgica.

7. Orientar la formacién y perfeccionamiento de los recursos
humanos necesarios; el desarrollo descentralizado y demo-
cratico de los servicios de informacién cientifica v tec-
nolégica; y. el equipamiento de la infraestructura hacia
las Areas prioritarias.

8. Apoyar e impulsar la ciencia y la tecnologia regqueridas

- para la defensa nacional.

9. Establecer metodologias y mecanismos de selecc1én, com-
pra, asimilacién, adaptacién e innovacién de tecnologias
extranjeras, dando relevancia a los procesos de segui-
miento, evaluacién y correcciédn.

10. Incrementar y movilizar los recursos financieros internos
y externos destinados al desarrcello de la ciencia y la
tecncleogia, promoviende el Fondo Nacional de Desarrollo
de la Ciencia y la Tecnologia (FONDECYT), con caracter
descentralizado.

11. Propiciar la consideracién especifica de la variable
cientifica ¥y tecnoldégica en el tratamiento de las rela-



ciones internacionales.

12. Orientar y promover la investigacién cientifica y tecno-
légica en ciencias humanas y sociales asi como de las
metodologias para su aplicacién.

13. Reconocer e impulsar el talento nacional en los campos
relacionados con la ciencia y la tecnologia, promoviendo
la creatividad v estableciendo el nicleo de investigado-
res cientificos, con énfasis en lags ciencias b&sicas, en
funcién de los objetivos nacionales.

14. Promover el desarrolleo de una cultura cientifica y tecno-
16gica en todos los niveles de la sociedad peruana.

15. Promover el desarrolloc cientifico y tecnolégice en las
universidades del pais tendientes a un mejor conocimiento
de la realidad nacional y contribuir a solucionar sus
problemas estructurales.

16. Consolidar la implementacidén y la puesta en marcha de la
Red Nacional de Informacién y Documentacién Cientifica y
Tecnoldgica Automatizada (RED INCIENTA), como componente
del Sistema Nacional de Informédtica.

17. Establecer las bases cientifico-tecnolégicas conducentes
a un Proyecto Nacional.

Apoya a las Universidades en los siguientes aspectos:

- Apoyo financiero a trabajos de investigacién a ejectarse
por perscnal docente en el marce de las actividades del
claustro y con empleo de los laboratorios y facilidades
universitarias.

- Subvenciones a docentes universitarios de dedicacidén exclu-
siva para permitirlegs dedicar el tiempo requerido a traba-
jos de investigacién.

- Apoyo econdmico a Tesis de post-grade y antegrado, para
lograr el mayor niimero de graduados y post-graduados.

- Becas para ayudantias y pasantias en beneficioc de los estu-
diantes de educacidén superior y de jévenes investigadores
que aspiran perfeccionamiento y especializacidh.

- Apoyo financiero a Laboratorios, Bibliotecas y Centros de
Informacién y Documentacién, de las Universidades Nacionales.

- Apoy0 econdmico para realizacién de eventos cientificés vy
publicacién de libros, revistas ¢ boletines. Especialmente
a Universidades de Provincia, y en proyectos de preferéncia
con participacién de més de una institucidén. Desde este
punte de vista, el apoye a la investigacidén va dirigido a
aspectos propios de las 3 regiones naturales del pais, asi
como en el mar. )

Por otro lado el CONCYTEC estd interesade en tecnologias
simples que permitan el desarrollo de la acuicultura espe-
cialmente en el medio rural, como una forma de contribuir a
mejorar la dieta alimenticia del poblador rural. Este apoyo
no sélo se continfia proporcionando, siné que en el futuro va
a intensificarse, para beneficie de les investigadores € in-
vestigacién en el pais.




DISCURSO DE APERTURA DE LA REUNICON CIENTIFICA

Dr.Christina Arosenius, secretaria cientifica de IFS,
{Opening address)

Grev Turegatan, 19, 11438 Stockholm, Sweden

Distinguidos invitados,
Estimados participantes a este taller,
Damas y caballeros.

. Como representante de la Fundacidn Internacional para la
Ciencia, tengo el placer de darles la bienvenida a esta cere-
monia de apertura del taller de trabajo denominado "Acuicul-
tura en America LatinaY. _

Asi mismo, quiero aprovechar la oportunidad para presentar
a la Fundacién Internacional para la Ciencia a agquellos pre-
sentes que no estan familiarizados con nuestra organizacidn.

La IFS es un organisme no gubernamental fundado en 1972 y
tiene como objetivo el tratar de disminuir la "fuga de cere-
bros" de los paises en vias de desarrollo y estimular la for-
macién de competencia cientifica en estos paises. No somos un
organismoe grande, nuestro presupuesto anual es de aproximada-
mente 3 millones de ddélares americanosg y nuestro personal
consiste en quince personas trabajando en la secretaria con
sede en Estocolmo, Suecia.

Nuestro trabajo es respaldado por cerca de 500 asesores
cientificos de diversas nacionalidades y contames con orga-
nismos miembros en 81 paises, siendo muchos de ellos Acade-
mias de Ciencias, Institutos de Investigacidén, y en algunocs
casos, Universidades.

La IFS apoya trabajos de investigacién cientifica en siete
dreas diferentes: Acuicultura, Produccién Animal, Produccién
Vegetal, Silvicultura, FProduccién Alimentaria, Productos Na-
turaleg, y Tecnologia Rural.

Este afio en Junio, la IFS ha ortogado la beca numero 1000,
¥ tenemos el gustc de tener a esta persona entre nosotros
esta semana en Lima. Contames con becarios en 87 paises en el
Asia, Africa, Oceania y America Latina. Mas de un tercio de
estos becarios han recibido una o mads renovaciones.

El apoyo econdmico de la IFS esta dirigido a jévenes cien-
tificos del tercer mundo; con buena formacidn profesional e
iniciando su carrera cientifica. Este apoyo esta destinado a
apoyo en la realazacidn de un proyecto de investigacién cien-
tifica, en su propio pais. El monte méximo de una beca es de
10.000 délares americanos y, si el proyecto tiene un buen
progreso, se puede otorgar hasta un maximo de tres renova-
ciones. ,

.E1 apoyo de la IFS esta destinado a la compra de equipo de
laboratorio, material fungible, y literatura. No puede ser
usado para sueldos u honorarios para el investigador, lo ¢ue
quieré decir gque €l debe formar parte del personal de una
universidad o ingtitutc de investigacién, organismo gque le
proporcionaria los sueldos e infraestructura basica. Al mismo
tiempo, nuestro reglamento estipula gue cuando el proyecto de



investigacidn concluye, el equipo adgquirido con fondos pro-
venientes del apoyo econdémico de la IFS, pasa a ser propiedad
de la institucién donde se ha llevado a cabo la investiga-
cidn.

Uno de los objetivos pricipales de la Fundacidén es el de
promover contactos c1entif1cos y crear un trabajo regicnal
conjunto entre bhecarios asi como otros cientificos gue estu-
vieran trabajande en el mismo tema. Para este cobjetivo, 1la
IFS otorga becas de viaje para participacion en seminarios
internacionales. Asi mismo y con ciertas restricciones, se
promueve visitas de expertos al lugar donde se esta llevando
a cabo el trabajo de investigacién. Sin duda gue una de las
formas mas eficaces de promover este tipo de contacto es la
organizacién de talleres de trabajo en temas especificos.
Consideramos que para los jévenes investigadores es de vital
importancia el poder presentar su trabajo, disciutir sus pro=~
blemas y tomar contactos personales con otros investigadores,
como parte de su educacién cientifica internacional.

Hasta la fecha, la IFS ha organizado 23 talleres dentro de
las siete Areas cientificas existentes. Cinco de estos tal-
leres han gido en tépicos sobre aculcultura; en Malasia en
1978, en Costa de Marfil en 1979, Thailandia en 1980, Colom-
bia en 1981, y Kenya en 1985.

Ezte evento en el Perti es el segqundc en esta regidn, asi
como también el segundo hispano-parlante. Pensamos que existe
un gran potencial para la acuicultura en este continente y
que es un complemento muy Util para la agricultura y la pesca
tradicional. La acuicultura provee proteina de buena calidad,
oportunidadas de trabajo a nivel familiar e industrial, asi
como fuente de ingreso para el pails, va dque muchos productos
tienen mercado de exportacién.

La IFS actualmente apoya 150 proyectos en acuicultura en
paises en wvias de desarrollo. 45 de estos proyectos estdn en
America Latin a y 31 de los investigadores gue los llevan a
cabo estan presentes hoy en este evento, representando asi a
20 paises diferentes.

Esperamos ¢gue egta semana sea beneficiosa para todos uste-
des, que puedan entablar discusiones interesantes y tutiles,
gue retornen a su pais con respuestas a sus dudas, y con con-
tactos tdtiles para su futuro trabajo de investigacidn.

Para finalizar, deseamos agradecer a todos aquellos gue han
coloborade con la organizacién de este evento. En primer
lugar, la Universidad Nacional Agraria de La Molinha y nues-
tros becarios peruanos, especialmente el Ing. Victor Venturi
gque ha estado a carge de los arregles locales. Nuestro agra-
decimiento se hace también extensivo al Ministerio de Asuntos
Exteriores de Espafia por su generosa contribucién al finan-
ciar la participacién de tres asesores cientificos, y final-
mente al DAAD de Alemania, por la contribucidn con un asesor
de este pais.

Bienvenidos una vez mas y les deseamds una estancia placen-
tera y Util en Lima.
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RECENT DEVELOPMENTS AND PROSPECTS OF CULTURED INDIGENQUS
FRESHWATER FISH IN LATIN AMERICA

NUEVAS TENDENCIAS Y PERSPECTIVAS DEL CULTIVO DE PECES INDIGE-
NOS EN AGUA DULCE EN AMERICA LATINA

U. Saint-Paul

Institut fiir Hydrobioclogy und Fischereiwissenschaft, Olkhers~
weg 24, D-2000 Hamburg 50, Federal Republic of Germany

Resumen

La produccidén debida a la acuicultura en América Latina as
practicamente insignificante (0.8% de la produccién mundial
en 1985). La acuicultura practicada desde la decada de los 40
se ha enfocado hacia el cultivo de especies no indigenas como
la carpa, la tilapia y los salmdnides. Actualmente, sin em-
bargo la atencién se dirige mds hacia la acuicultura en ge-
neral y muy particularmente hacia el cultivo de especies
autéctonas. Egta nueva tendencia se ha estimulado grandemente
tras el seminario CARPAS celebrado en Montevideo y es amplia-
mente discutida y revisada en el presente trabajo.

Summary

The aguaculture production in Latin America is almost neg-
lectible. From the total world fish yield in 1985, only 0.8%
was produced in Latin American agquaculture. Be it that agua-
culture in this continent has been practised since the
1940's, mainly focussed on non-indigenous species like carp,
tilapia, salmonids, in recent years more attention is drawn
to the culture of aquatic organisms in general and to the
culture of indigenous species in particular. This new trend
in- development, was given a strong impulse by the 1976 CARPAS
seminar in Montevideo, and will be reviewed in this paper.

Introduction

The aquaculture production in Latin America is very low,
accounting for only 0.8% of the total world yield of 9.5 mil-
lion tons (Table 1). The majority of this small percentage is
produced on Penaeus farms, in Ecuador and Central America.
Compared to capture fisheries, which lands about 9 million
tons annually (12.5% of the total world catch), the impor-
tance of aguaculture in Latin America is relatively insigni-
ficant. The special geographic situation of this continent
and the feeding habits of its population led in former years
to protein production through cattle farming and capture
fisheries. However, the limited natural fish resources in
both fresh and marine water, the increasing cost of the
fishing fleet and the change in maritime laws have drawn more
attention to aquaculture in recent years.
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Table 1. World fish culture production by region and by com-
modity group (Estimate for 1983). After Huisman (1986).

Cuadro 1. Produccidén acufcola mundial dividida por region y
grupo de organismos (estimacidn para 1984). Segun Huisman
(1986)}.

Region Finfish Molluscs Crustaceans Total
metric tonnes (%)
Asia & Ocea. 2 912150 4 466150 133550 7 511850
(72.7) (B4.4) (79.1) (79.3)
Europe 908150 643900 100 1 552150
(22.6) (12.2) (~) (16.5)
North Amer. 154950 144800 17450 317200
{(3.9) (0.7) {10.3) (3.3)
Latin-Amer. 21500 38500 17900 77900
{0.5) (0.7} (10.6) (G.8)
Africa 11550 250 - 11800
(0.3) (-) (-) (0.1)
Total 4 008300 5293600 169000 9 470900
(42.3) (55.9) (1.8) (100)

In 1976, a CARPAS status seminar on the contemporary dev-
elopment of aquaculture in Latin America was held in Monte-
video. It was reported that in Latin America, aquaculture has
been practiced since the 1940s. The earlier experiences were
gained in the culture of fish for stocking natural and arti-
ficial water bodies. Some of the fish raised were native spe-
cies, More intensive forms of a¢uaculture employed exclusi-
vely non indigenous species, such as tilapia, carp, and sal-
monids.

The 1976 conference was rather stimulating and during the
past ten years modest progress has been made in the develop-
ment of South American aguaculture. Successful attempts to
culture indigenous species during the last years, led to.a
new path of development for fish culture. This paper will
present a review of these culture attempts.

Ostecglossidae

The carnivorous Arapaima gigas is confined to the Amazon
basin, the western Orinoco, and the Rupununi and Essequibo
systems of the Guyanas. Its maximum weight can reach 200 kg.
Since the 1940s this species was successfully maintained and
propagated in ponds (Fontenele, 1953; Bard, 1973). Juvenile
fish were used to stock small lakes, impoundments, and natur-
al water bodies (Fontenele & Vasconcelos, 1982; Wosnitza-
Mendo, 1984). A growth of up to 0.8 m in the first and 1.5 m
in the second year was achieved. Under intensive culture
conditions, the fish grew from 19 g to 1560 g in 10 months
during one set of trials and from 15 g to 4 kg within one
year and further to .15 kg by the 26th month during another
trial (Table 2,3) (Von Sengbusch et al., 1974; Meske, 1980;

. Von Sengbusch, 1980).
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Curimatidae

In a discussion on aquaculture, the genera Prochilodus and
Semaprochilodus deserve mention. Prochilodus species can at-
tain a weight of 2 kg while Semaprochilodus reaches only a
weight of 300 to 400 g. They are found in the floodplain
lakes of the Orinoco, Amazon, and La Plata River systems. The
adults are detritivorous but the juveniles seem to feed ad-
ditionally on zooplankton.

There are many reports of successful induced reproduction
by means of hypophysation (Von Ihering & Azevedo, 1934; De
Menezes, 1945; Fontenele, 1953; 1955b; Solano, 1973; Hilders
& Bortone, 1977; Eckmann, 1980, 1983, 1984a; Castagnolli &
Cyrino, 1980; Fenerich et al., 1981; Silva Filho, 1981).

Because of their detritivorous feeding habits, curimatids
are not suitable for intensive moncculture in ponds. There
are numerous papers concerning growth rates under different
stocking densities (Table 2,3). Under extensive culture con-
ditions, at a stocking density of 1000 to 10000 fish/ha, they
grow to a market size of 300 to 500 g in a production time of
about 24 months. This corresponds to a net production of 0.5
to 1 t/ha/vear (Jensen, 1974; Rodriguez et al., 1980; Pinto
et al., 1981; Novoa & Ramos, 1982a;  Eckmann, 1983; Rey Navar-
ro, 1984a; Leite et al. 1985; Resende et al., 1985). In
polyculture systens, hlgher production figures are reported
(Rey Navarro, 1984b; Ramos Hendo, 1984).

Table 2. Growth results of South American freshwater fish
Cuadro 2. El1 crecimiento de peces Iatinoamericanos de agua
dulce.

Specieg®

1 2 3 4 5
Temp. (°C) 25-30 25-30 25-30 25-30 15-20
Market size (qg) >5000 300-500 > 500 > 500 100
Production time
~ {months) 15 24 12 18 36
Growth rate 1.5 1.0 1.4 0.9 -
. (%/day)
Production - 0.5-1.0 2 - 1.9

(t/ha/yr)

* 1 = Arapaima gigas, 2 = Prochilodus sp. & Cichla sp.,

ni

3 = Brycon sp., 4 = Astronotus sp., b = Basilichtys sp.
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Table 3. Conditions for ongrowing of South American fresh-
water fish.

Cuadro 3. Las condiciones para el engorde de peces dulce-
acuicolos de América Latina.

Species*

1 2 3 4 5
Temperature (°C)
upper lethal - - > 40 > 38 -
lower lethal - - < 15 > 15 -
optimum 25-30 25=30 25=30 25-30 15=20
Feeding
natural diets .
(incl.add. feed.) fish o ++ tt ++
rations - + 4 + +
Ongrowing facilities
pond mcnocult. ++ + ++ Fatt ++
pond polycult. +4 ++ + +=++ -

- no information; + less common; ++ most common
* 1 = A.gigas, 2 = Prochilodus sp.,Cichla sp.,3 = Brycon sp.,
4 = Astronotus sp., 5 = Basilichthys sp.

Serrasalmidae

Two of the three Colossoma species, €. macropomum and C.
brachypomum occur in the Orinoco and Amazon River systems
while €. mitrei inhabits the Parana-Uruguay river. C. macro-
pomum, the largest species, can reach 30 kg.

Adults are considered to be exclusively frugivorous, while
juveniles are omnivorous, feeding additionally on zooplank-
ton. None of the species have yet been induced to breed nat-
urally in captivity. However, reports of successful hypophy-
sation experiments on Colossoma spp. have already been made
in Brazil, Venezuela, Perd, and Panama (Da Silva, 1975; Da
Silva et al., 1977; Godinho et al., 1977; Hilders & Bortone,
1977; Woynarovich, 1977, 1986; Bermudez et al., 1977; Rios,
198la,b; Lopes & Fontenele, 1982; Romero, 1982; Malco, 1983;
Mendonga, 1983, 1984). Alsc positive results of combined
dosages of hypophysis extract and a synthetic HGH hormone, or
by the applications of the gonadotrophic hormones SGG 100 and
LH-RH are reported. Hypophysation is mostly done through two
injections. Females, weighing at least 7 kg, receive 5 mg of
hypophysal dry weight per kg, after being prepared by a first
injection with about 10% of this dosis. Males are given 0.5
mg/ky with the first and 1.0 mg/kg with the second injection
(Lopes & Fontenele,1982; Woynarovich,1986). Females weighing
between 10 to 15 kg lay between one and twoc million eggs.
Egas are fertilized dry. The incubation period at 26-29°C is
17-23 h. The semi-pelagic eggs develop successfully in a Zoug

~jar. The yolk sac stage lasts 4 days, and first feeding oc-
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curs 5 days after hatching. The procedure of artificial
reproduction of ., brachypomum and C. mitrei is simi-
lar. Informations are given by Godinho et al. (1977), Castag-
nolli & Donaldson (1981), Pinto & Castagnolli (1984), and
Godinho & Godinho (1986).

There are only limited informations available on the nutri-

tional reguirements of C. macropomum (Macedo, 1979; Carneiro,
1981; Eckmann, 1983, 1984b; Da Silva et al., 1984; Darmont &
Salaya, 1984; Nufiez & Salaya, 1984).
This species can live on both natural and artificial food.
Artificial feed should contain about 30% protein. The amount
of protein from animal sources can be quite small (Werder &
Saint-Paul, 1978; Saint-Paul & Werder, 1981). The knowledge
of the nutrition of ¢. brachypomum is also very sketchy. Some
research data about the protein requirements of C. mitrei are
available (Carneiro et al., 1984a,b; Carneirc & Castagnolli,
1984). The results, however, are contradictory. In this area
a lot of research is obviously still needed.

Pond monoculture with . macropomum has been successfully
practiced in Brazil (Da Silva et al., 1974, 1978, 1984, Lovs-
hin, 1980; Saint-Paul, 1984, 1985), Venezuela (Hilders & Bor-
tone, 1977; Valdez, 1984), Colombia (Phelps & Popma, 1980),
and Peru (IMARP, 1979; Eckmann, 1983, 1984b) (Table 4,5). The
stocking density ranged from 1180 to 10000 fish/ha. The maxi-
mum production was 9.2 t/ha. In Venezuela the first commer-
c¢ial fish farm with an annual production capacity of 300 to
400 t has been set up. Fry needs about 14 months to grow to a
commercial size of 2-3 kg (Anonymous, 1986)}. Polyculture of
Colossoma sp. with tilapia or carp was conducted in Brazil
(Da Silva et alI., 1978; 8ilva et al., 1984). At a combined
stocking density of 10000 fish/ha, a yield of 8.9 t/ha was
achieved. Preliminary but not very sgtimulating reports on
cage culture are available from Venezuela (Darmont & Salava,
1984; Nuiiez & Salaya, 1984).

The growth rate of C. brachypomum seems to be less promi-
sing (Table 4,5). The greatest production, 8.3 t/ha per year,
was achieved at a stocking density of 10000 fish/ha {Sobrinho
et al., 1984; Da Silva et al., 1980).

Under extensive and semi-intensive culture conditions, C.
mitrei grew to a final weight of 577 g within one year, cor-
responding to an annual production of 5.9 t/ha (Table 4,5)
(Ferrari & Bernadino, 1984). However, ¢. mitrei still shows
satisfactory growth rates at temperatures between 15 and
20°C. Hybrids of ¢. macropomum and C. mitrei are supposed to
combine excellent growth rates with low temperature tolerance.

Characidae

In the Central Amazon region Brycen cephalus and in the
Peruvian Amazon region, B. erythropterus seem to be most pro--
miging characid species for aquaculture. They are artifici-
ally reproduced by hypophysation (Eckmann, 1984a,c¢; Rios,
1981a,b). _

Although they are described as omnivorous, the proportion
of plant material in. the diet is large. Artificial diets
should contain about 35% protein (Saint-Paul & Werder, 1981).
Up to 20% of the feed could be replaced with dried water hya-
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cinth without any reduction in growth (Saint-Paul et al.,
1981). In pond experiments, best growth rates ¢f more than
500 g per vear, corresponding to an annual production of
about 2 t/ha, were achieved under semi-extensive conditions
(Table 2,3) {Guevara et al., 1979; Werder & Saint-Paul, 1981;
Eckmann, 1983). Under extensive conditions fish grew from 2 g
to 1096 g in 476 days (Novoa & Ramos, 1982b).

Atherinidae

Both, Basilichthys bonariensis and B. australis, feeding
mainly on zooplankton or phytoplankton, occur in Argentina,
Chile, and South Brazil. They were introduced as well in
Uruguay, Bolivia, and Peru. They have become fully adapted to
live in fresh water. Preliminary culture attempts under semi-
intengive conditions showed a very poor individual growth of
5.5 g after the first year (Luchini et al., 1980, 1984). Un-
der extensive culture conditions a weight gain of more than
500 g after the first year is reported (Table 2,3) (De Mafra,
1983},

Cichlidae

Cichla ocellaris, €. temensis, and Astronotus ocellatus seen
to be suitable for culture purposes (Table 2,3). Cichla, a
predator, can reach a weight of 6 kg while Astronotus, fee-
ding mainly on terrestrial and aquatic invertebrates, is
smaller {1 kg). They all reproduce without any difficulties
in captivity (Braga, 1952; Fontenele, 1955a). Fingerlings of
both genera have been used for stockinhg numerous lakes and
impoundments, (Sawaya & Maranh3o, 1946). In ponds, A. ocel-
latus grows to 250-300 g in a year (Braga, 1962).

Table 4. Growth results for Colossoma spp.
Cuadro 4. El1 crecimiento de Colossoma spp.

C. macropomum . brachypomum C. mitrei

Temperature (°C) 27=32 27-32 22-29
Market size (g) 1000-1500 1000-1500 ~ 1600
Production time 12-18 12«18 24
{months)

Growth rate (%/day) 0.4-1.6 0.7-1.2 1.2
Production (t/ha/yr) 1.2-9.2 2.5-8.0 5.9
14




Table 5. Conditions for ongrowing of Colocssoma spp.
Cuadro 5. Condiciones para el engorde de Colossoma spp.

¢. macropomum C. brachypomum C. mitrei

Temperature (°C)

upper lethal > 40 > 40 > 35
lower lethal < 15 < 15 < 10
optimum 27=-32 27-32 20-28
Feeding
natural diets + + +
chicken diets
(16% protein) + * *
fish diets

. +
(30% protein) + A
agricultural . + _
byproduct
Ongrowing facilities
pond culture ++ ++ ++
tank culture - + + +
cage culture + - +

- no informaticn; + less common; ++ most common

Discussion

Of all the continents, South America possesses the richest
ichthyofauna. In the Amazon region alcone, it is estimated
that over 2000 species occur. In spite of this great poten~
tial, it was initially believed that the establishment of
pond culture facilities would succeed most rapidly if tradi-
tional aquaculture species such as tilapia, carp and trout,
were introduced. The reason for this was a lack of knowledge
of the culture technology of native species. Exotic species,
like tilapia, were introduced without any control. These ac-
tivities will create, and already have created, dgreat ecolo-
gical problems if the introduced species escape and become
adapted to natural habits, thius modifying indigenous bioc-com=~
munities. The use o¢f such species would provide only very
short-term advantages. The present review of the culture
attempts using endemic fish species, clearly demonstrates
that South American aguaculture can be developed best in the
future if native species are used.

The analysis shows, that the majority of the species men-
tioned are suitable for warm water aguaculture. They all need
water temperatures above 20°C. Therefore, they can only be
cultivated in climatic areas of the tropical rain forest and
the savannah. These are the lowlands of Bolivia, Peru, Colom-
bia, and Central America, but also Venezuela, Guyana, Suri-
nam, and the greatest part of Brazil.

Only the species belonging to the Atherinids, some Cich-
lids, and to a certain extent C. mitrei, can tolerate water
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temperatures below 20°C. That is why these species can be
cultured in the temperate climatic zones of South America,
e.g. South Brazil, Uruguay, Argentina, Chile and the high-
lands of the Andes.

which of the species mentioned show the best suitability
depends on the kind of production method chosen. A major goal
of regional development, especially in the tropical =zone, is
to meet the basic needs of the local people. Considering the
low standard of living of the local population and the spe-
cial socio-gecgraphical situation, fish culture can succeed
only when it is based on fish species suitable for the ex-
treme limnological conditions that prevail in tropical ponds.
Furthermore, it is important that the species chosen are able
to feed on plant material, including the waste products of
agriculture. They also should produce offspring in adequate
numbers.

The Colossoma species fulfil nearly all of these require-
ments. South American aquaculture is now concentrating more
on these local species. However, the main problem remains the
production of fingerlings, which can still only be obtained
by artificial reproduction methods. To employ artificial
breeding methods advanced skills and technologies are re-
quired. Therefore it is recommended that centrally located
breeding facilities should be constructed. Based on the
available production figures, the average yield per year from
a semi-extensive monoculture of Colcssoma is 3t/ha. Thus, a
0.2 ha pond area 1s sufficient to supply nearly the entire
daily requlrements of an average family of ten persons. How-
ever, there is still a serious lack of knowledge regarding
the nutritional requirements of the species.

Besides the Colossoma species, the analysis of available
growth data shows that some species of the genus Brycon could
be suitable for monoculture as was demonstrated in the vici-
nity of Manaus and in Peruvian ponds (Werder & Saint-Paul,
1981; Eckmann, 1983).

0Of the three carnivorous species, Arapaima gigas, Cichla
ocellaris, and Astronotus ocellatuys, which all are of high
market value, only A. gigas shows excellent growth rates un-
der intensive culture conditions. Because of the high feeding
costs, only an intengive way of cultivation, could be profit-
able provided that it is located close to densily populated
urban areas, provided with good infrastructure.

The only endemic species from outside the tropics that have
been tested for their aquaculture suitability, are atherinids.
The experiences gained in chile and Argentina have provided
only tentative growth and productlon data which do not allow
a final prognosis concerning their culture suitability.

It is remarkable that so few -investigations of pelyculture
systems have been undertaken. By using this technique, a con-
siderable yield increase can be expected. Attempts to culture
Colossoma and tllapla in Brazil and experiences with numerous
endenic species i1n Venezuela seem to confirm this for Scuth
American fish., Systematic studies on different polyculture
systems are necessary. 7

The further development of fish culture in South America
will depend mainly on its financial success. During the first
devélopment phases, biological questions assumed most atten-
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tion, but in the future more importance should be paid to the
production economics. Besides the initial investment for pond
construction, there are operating costs for the stocking ma-
terial and the feed that must be considered. Because fish
seed has to be produced in central breeding facilities, the
operating costs of such facilities are urgently required.

Big reservoirs for the production of hydroelectric energy
are under construction or are planned in the Brazilian Amazon
{(Junk, 1984). Because certain native fish species do not
spawn 1in these man-made lakes, fish production will depend
largely on stocking of hatchery raised fingerlings. This will
only be possible by increasing national aquaculture activi-
ties.

In summary, because of a unigue ichthyofauna and reasonable
marketing facilities, it is evident that there are outstand-
ing suitable indigencus herbivorous and omnivorous fish spe-
cies available for aquaculture in South America, especially
for a culture system designed to meet the basic needs of the
people. More intensive culture systems with carnivorous spe-
cies could be profitable because of their high market value
and excellent quality. A basic requirement for both, is the
establishment of central breeding facilities to produce the
stocking material. There is still a lack of information on
the economics of commercial monoculture. Nevertheless, when-
ever such information is available, it makes seem practical
to establish fish production facilities both as a main busi-
ness and as a part-time actiwvity.
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