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Abstract 

N.M. Lopera-Barrero. 2009. Conservation of Brycon orbignyanus natural populations and 
stocks for their reproductive, genetic, environmental sustainability: A model for threatened 
species of extinction. Cien. Inv. Agr. 36(2):191-208.Several ecological and climatic factors, 
especially those related to human activities, have been contributing to the disappearance of 
natural populations of piracanjuba (Brycon orbignyanus). Due to the importance of these fi sh to 
the ecosystems in which they are located and their qualities of fast growth and ability to adapt 
to controlled environments, producers have expressed increased interest in recent years in using 
this species, with particular aims of increasing production, and participation in conservation 
programs. In this study, strategies for the sustainable management of B. orbignyanus are 
idealized and discussed, with the goals of perfecting the reproductive, genetic, environmental 
and sanitary management of this species and suggestions for improving monitoring stocks 
maintained in captivity and natural populations. These strategies can be used as models for 
other migratory species threatened with extinction.
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Introduction

Genetic resources in aquaculture constitute 
a valuable heritage; therefore, it is essential 
to contribute to their conservation. For this 
purpose, strategies for genetic, reproductive, 
biological and environmental management are 
essential for successful programs to recover 
ecosystems impacted by environmental modi-
fi cations.

Among the different reofi lic fi sh species (fi sh 
emigrating during reproduction) found in Bra-
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zilian aquatic ecosystems, the piracanjuba (Bry-
con orbignyanus) has garnered interest from re-
searchers and breeders because natural popula-
tions of this species have disappeared in recent 
years as a result of environmental modifi cations 
caused by human actions and climatic changes 
(Zaniboni-Filho et al., 2006). Therefore, it has a 
high risk of becoming extinct (Machado, 2005; 
Borba et al., 2006). Despite the presence of 
optimal indicators of zootechnical usefulness, 
which should favor the selection of this fi sh for 
fi sh farming, an advanced technology for their 
intensive cultivation remains unknown. Ar-
tifi cial propagation, which is useful in genetic 
conservation, breeding and environmental pro-
grams, has also not yet been developed for this 
species (Carmo and Fracalossi, 2002).
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In conservation programs, genetic diversity and 
genetic monitoring are necessary and important 
for maintaining genetic variability in populations 
and preventing inbreeding. Maintaining genetic 
variability guides the reproductive process and, 
therefore, dictates which methodologies should 
be used to avoid environmental impacts. In ad-
dition, the optimization of reproductive man-
agement and the establishment of genetic banks 
should enable the development of ichthyofauna 
restoration programs in specifi c biogeographic 
regions, and the preservation of genetic variabil-
ity (Povh et al., 2008), environmental conserva-
tion, health management and stock enhancement 
programs (Sirol and Britto, 2006). 

In addition to the benefi ts that molecular genet-
ics and breeding orientation may offer to B. or-
bignyanus, additional benefi ts could come from 
using this species as a model for studies of other 
reofi lic species. The biological, genetic and re-
productive knowledge obtained for this species 
would help in building biological models appli-
cable to other fi sh species threatened with ex-
tinction (Lopera-Barrero et al., 2007).

The objective of this study is to review and ana-
lyze the existing literature on the diversity and 
characteristics of some threatened species of 
the genus Brycon found in Brazilian continental 
aquatic ecosystems. At the same time, it is in-
tended to analyze strategies for the management 
of the reproductive, genetic, environmental and 
health characteristics of natural and captive 
populations of B. orbignyanus. These strategies 
may serve as a basis for conservation of affected 
ecosystems and as a model for other reofi lic fi sh 
species threatened with extinction. 

Diversity of fi sh and species threatened with 
extinction

Brazil contains the largest number of hydro-
graphic basins and the largest amount of fresh-
water available in the world. Additionally, it has 
more than 8,000 km of coastal regions. Conse-
quently, Brazil contains the largest number of 
freshwater and saltwater fi sh species (Agostino 
et al., 2005). Froese and Pauly (2003) deter-
mined that there are a total of 3,148 fi sh species, 

including 885 marine species and more than 
2,100 freshwater species (Buckup and Menez-
es, 2003), which accounts for almost 21% of all 
the fi sh species in the world and a large propor-
tion of the 8,000 thousand neo-tropical species 
found in South America   (Reis et al., 2003).

The total number of species in Brazilian aquatic 
ecosystems is unknown and hard to estimate, 
due in part to the large diversity, the lack of 
resources available for their study and the 
relatively small number of researchers. Addi-
tionally, there is a considerable number of hy-
drographic basins that have never been study, 
insuffi cient infrastructure for sampling them 
all, a small number of adequate inventories, dis-
persed information that is frequently not easy 
to access, and a need for taxonomic review of 
several groups (Agostinho et al., 2005).

Around 400 new fi sh species are described in 
continental waters every decade (Reis et al., 
2003). Meanwhile, it is noteworthy that for only 
a few species is there enough information re-
garding their biology, physiology and genetics 
to understand the relationships between their 
environment and their cultivation medium. 
This information would be particularly valuable 
for those fi sh species of economic and cultural 
relevance and for those fi sh species threatened 
with extinction. 

The genus Brycon, composed of more than 40 
species, is one example of a group of fi sh threat-
ened with extinction (Lima, 2003). Species of 
Brycon are used in commercial production and 
fi sh farming in Brazil (Wasko, 2005; Ninhaus-
Silveira et al., 2006). The Bryconids have several 
advantages for fi sh farming, including their om-
nivorous feeding habits and their adaptation to 
low levels of oxygen (Suarez-Mahecha, 2002). 
There is a growing search for Brycon spp. for fi sh 
farming for the following reasons: they are easy 
to adapt to captivity almost all over Brazil; they 
easily accept food of animal or vegetable origin; 
they grow fast; they are commercialized well; 
and they have a great potential for cultivation in 
intensive systems (Zaniboni-Filho et al., 2006). 

Species of Brycon are found in all of the Brazil-
ian hydrographic basins (Wasko and Galetti Jr., 
2002). They migrate for breeding between No-
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vember and January, when food is more abun-
dant, to ensure the survival of their offspring 
(Lopera-Barrero, 2005). The strategy of migrat-
ing between feeding and spawning locations al-
lows some fi sh species to maximize the utiliza-
tion of their ecosystem, searching for the best lo-
cations for each stage of their life cycle (Zanibo-
ni-Filho and Weingartner, 2007). This generally 
occurs in rainy seasons, with high temperatures 
that allow for the production of high amounts of 
plankton (Reynalte-Tataje et al., 2002a). 

Several factors, including water temperature, 
affect sexual maturation. It is delayed or has-
tened according to the winter temperature, but 

in general, the males breed from the time they 
are two years old while the females breed from 
the time they are three years old (Zaniboni-Fil-
ho and Schulz, 2003). Investigation of the genus 
Brycon has garnered great interest because of 
the excellent quality of its meat and its feeding 
habits in the natural environment, which is pri-
marily composed of a diet of fruits and seeds. 
In addition, the fast growth and weight gain of 
this genus in experimental cultivations makes it 
an attractive alternative for fi sh farming in the 
Brazilian regions (Wasko, 2005). Table 1 shows 
the distribution and some general characteris-
tics of a number of Brycon species, with their 
zootechnical characteristics.

Table 1. Scientifi c names and common names, distribution and some biological characteristics of species of Brycon, other 
than B. orbignyanus, commonly found in Brazil.

Scientifi c names
(common names) Distribution Characteristics References

B. amazonicus
(Spix e Agassiz 1829) =
B. cephalus
(Günter 1869)

(Matrinxã, matrinchã)

Amazon basin It is a scale fi sh, with a long body with 
slightly dark pigments in the dorsal side that 
contrast with its silver coloration. It has fi ns 
with intense black pigmented membranes. It 
is a species with external fecundation, without 
male care. It has omnivorous food habits, with 
herbivorous tendencies. It fi lls a predator role 
(insects, sea shell, crustaceans and small fi sh) 
and is a disseminator of seeds and fruits. It is 
appreciated for sport fi shing.

Inoue, 2005
Wasko et al., 2004.
Hori et al., 2006. 
Monteiro et al., 2006.
Zaniboni-Filho et al., 2006

B. insignis
(Steindachner 1877) 

(Pirabanha)

Basin of the 
Paraíba do Sul 
river

It is a scale fi sh, with a long body and silver 
coloration. It can weigh 8 to 10 kg. It has 
external fecundation, without male care. 
When juvenile, it is considered ichthyophagus 
and insectivorous, in spite of feeding 
temporarily on leaves, fruits, and seeds. When 
an adult, it is herbivorous and frugivorous. It 
has delicious and highly nutritious meat. It is 
appreciated for sport fi shing.

Sibinellii, 2003.
Zaniboni-Filho et al., 2006. 

B. hilarii 
(Valenciennes 1849) 

(Pirapitanga, piraputanga)

Basin of the 
Paraguay, 
Paraná,  Upper 
Amazonas and 
São Francisco 
rivers

It is a scale fi sh. It has a dark line that extends 
to the dark medium caudal rays. It has reddish 
pelvic, anal and caudal fi ns and dark pectoral 
and dorsal fi ns. It has external fecundation, 
without male care.  The male and the female 
reach to 20 and 25 cm long, respectively, 
when they obtain their sexual maturation (2 
and 3 years, respectively). It has omnivorous 
feeding habits. It may reach 56 cm long and 3 
kg. It is used in stock enhancement programs.

Sanches and Galetti Jr., 2006. 
Zaniboni-Filho et al., 2006. 
Graça and Pavanelli, 2007.

B. microlepis
(Perugia 1897) 

(Piraputanga)

Basin of the 
river Cuiabá, 
Pantanal of the 
Mato Grosso, 

It is scales fi sh, with external fecundation and 
without male care. It presents omnivorous 
feeding habits. Appreciated by its pleasant 
fl avor.

Mateus and Estupiñán, 2002
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Despite the noteworthy increase in the number 
of investigations in recent years, the informa-
tion that has been obtained is still insuffi cient 
for the management of freshwater species and 
even more so for those species threatened with 
extinction, as in the case of B. orbignyanus. The 
process of extinction is related to the disappear-
ance of species or groups of species from a spe-
cifi c environment or ecosystem. Modifi cations 
that occur over thousands of years allow spe-
cies to adapt to their environment based on the 
mechanisms of genetic heredity (Sá et al., 2003). 
Nevertheless, the need for these modifi cations is 
currently being hastened by the environmental 
alterations caused by man, which make it diffi -
cult for species to adapt to their new conditions 
fast enough to survive and therefore cause ex-
tinction (Lopera-Barrero et al., 2007).

The list of Brazilian fauna threatened with 
extinction includes 44 invertebrates, 134 fi sh 
and 16 amphibians (Instructional Regulation, 
3 and 5 of May, 2003 and 2004, respectively, 
Ministerio do Médio Ambiente, 2007). All the 
Brazilian states have at least one species threat-
ened with extinction. Most of them are in the 
south and south west regions, specifi cally in the 
states of Minais Gerais, San Paulo, Río Grande 
do Sul and Río de Janeiro. This concentration 
of endangered species may be the result of the 
higher development in those regions. The larg-
est investigations and groups of investigations 
in the country are also located in this region, 
which also is home to many endemic species 
with restricted distributions (Agostinho et al., 
2005). There are 33 species of the Characidae 
family threatened with extinction, with B. dev-
illei, B. insignis, B. nattereri, B. orbignyanus, 
B. opalinus and B. vermelha being the most 
threatened species (Ministerio do Médio Am-
biente, 2007).

Brycon orbignyanus

Brycon orbignyanus is a reofi lic species (Or-
der: Characiformes, Family Characidae Sub-
family: Bryconinae) that is native to the basins 
formed by the Uruguay, Paraguay and Paraná 
rivers (Géry and Mahnert, 1992; Borba et al., 
2006; Zaniboni-Filho and Schulz, 2003). It is a 

scale fi sh with a long body, up to 80 cm long 
and 10 kg of live weight (Nakatani et al., 2003), 
and it has a wide mouth with three rows of pre-
maxillary teeth (Nakatani et al., 2003). It has a 
silver coloration, a dark brown back with green 
refl ectivity and a black spot on the base of the 
caudal peduncle that extends to the medium 
caudal rays. It has a red, bifurcated caudal fi n 
with a dark medium line and a long anal fi n of 
the same color (Britto et al., 2003; Graça and 
Pavanelli, 2007).  

This species develops externally without pa-
rental care following spawning, and the semi-
dense ova depend on water currents throughout 
their incubation and the initial stage of larval 
development (Graça and Pavanelli, 2007; Silva, 
2007a). The post-larvae of B. orbignyanus are 
infl uenced by the photoperiod, having high 
survival rates if they are exposed to long light 
periods. They are carnivores, selecting food 
from zooplankton, and they show a tendency 
towards cannibalism during the post-larval and 
larval stages (Reynalte-Tataje et al., 2002a). 
The change to omnivorous and herbivorous 
habits probably occurs during the juvenile fi sh 
stage. This species has a great assimilation ca-
pacity for vegetable proteins (Ceccarelli et al., 
2005). 

B. orbignyanus is appreciated for its high nutri-
tional value, fast growth, and good food conver-
sion ratio. In captivity, it has good acceptance of 
artifi cial foods and agro-industrial by-products 
(Borba et al., 2006; Zaniboni-Filho and Wein-
gartner, 2007). It has a surly behavior that is 
very appreciated in sport fi shing; therefore, it 
has been used in stock enhancement programs 
for “fi sh and pay” ponds (Felizardo, 2008).

Natural populations of B. orbignyanus have dis-
appeared because of the constant environmental 
alterations caused by human actions, including 
the reduction of food sources, predator fi shing, 
water contamination, the building of hydro-
electric plants, drainage from agriculture, the 
introduction of exotic species, poorly planned 
eco-tourism, urban expansion, deforestation 
and forest fi res. 

Currently, B. orbignyanus is a species listed 
as being at risk of extinction, with a low tol-
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erance to environmental alterations (Machado, 
2005). For this reason, it may be regarded as an 
indicator species; an increase in river popula-
tions of B. orbignyanus is an indication of the 
success of stock enhancement or conservation 
programs for the ecosystem, shown by the sur-
vival and adaptation of the individuals to the 
environment. Indicator species (ecological in-
dicators) can be defi ned as biological param-
eters (based on populations, sets of populations 
or systemic properties) that allow for the esti-
mation of the ecological state of an ecosystem 
because of qualitative and/or quantitative char-
acteristics they possess that enable the detec-

tion and monitoring of temporary changes in 
a system during long periods of time (Metzger 
and Casatti, 2006).

Conservation strategies for Brycon orbignyanus

Genetics, breeding, and health conservation 
of natural populations of B. orbignyanus  and 
batches maintained in captivity may be accom-
plished using three strategies: monitoring, the 
formation of genetic banks and the management 
of natural resources (Figure 1). 

Figure 1. Strategies of the Brycon orbignyamus conservation and their main characteristics.

Monitoring strategy 

A monitoring strategy facilitates optimization 
of the reproductive and genetic management of 
natural populations and batches, allowing for 
objective genetic improvement programs, stock 
enhancement programs, and studies on water 
quality and ichthyofauna health. 

Breeding sustainability. Factors such as the 
loss of genetic variability of fi sh when raised 
in captivity are common, due to the effects of 
crossing or inadequate reproductive manage-

ment (Aho et al., 2006). Therefore, there are 
several assumptions in reproductive manage-
ment that need to be optimized for B. orbig-
nyanus (e.g., identifi cation of breeders, hor-
monal induction, crossing system, reproduc-
tive system). 

 The development of several fi sh markers has 
been important for ichthyologic studies. The 
correct use of fi sh markers is important for the 
success of fi sh production and the conserva-
tion of the species used in fi sh farming. Several 
types of markers, invasive and non-invasive, 
have been optimized in terms of their perma-
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nence, their easy identifi cation and their effect 
on fi sh behavior during reproduction (Ferraz et 
al., 2004). 

For non-invasive markers, methods such as re-
moval of part of the fi ns, use of cables or threads, 
and cold marking are used. They are currently 
the most widely used methods for marking B. 
orbignyanus because of their low cost and their 
ease of use (Leboute et al., 2002; Faria et al., 
2003; Ferraz et al., 2004; Zaniboni-Filho and 
Nuñer, 2004).

Notwithstanding the risks, invasive markers are 
safe and remain for a long time with a minimal 
possibility of being expelled. The most widely 
used invasive markers are elastomer markers 
and electronic markers (transponders) (Zanibo-
ni-Filho and Nuñer, 2004). 

One of the functions of marking is to achieve 
accurate reproductive management when arti-
fi cial hormones are used to induce a synchro-
nized spawning of the breeders. The use of 
extract from the hypophysis of mature fi sh, in 
spite of being an old procedure, remains one 
of the most widely used techniques to induce 
a fi nal maturation of the Brazilian migratory 
fi sh (Zaniboni-Filho and Nuñer, 2004). There 
are countless variations of methods of hormone 
management in fi sh, depending on the type of 
hormone and the type of fi sh to be induced. 
Females generally require higher doses of 
hormones than males. In B. orbignyanus, two 
applications are normally required in females 
(10% of hormones are given in the fi rst applica-
tion to stimulate the migration of the germinal 
vesicle, and 90% in the second to break it and 
produce the spawning 24 h later) and only one 
in males (100% at the time of the last applica-
tion in females) to obtain successfully synchro-
nized spawning (Lopera-Barrero, 2007). The 
application is intramuscular or intra-peritoneal. 
As the process of induction is a simulation of 
what occurs in the natural environment, the 
process of fi nal maturation depends directly on 
the species and the temperature in the ponds 
where the breeders are maintained. 

Once the B. orbignyanus breeders are hormon-
ally induced, they are ready for crossing.  The 
crossing system is commonly managed at ran-

dom for the artifi cial reproduction of breeders 
maintained in captivity. To compensate for the 
low amount and quality of semen induced hor-
monally, many fi sh farms use a great number 
of males, or semen from more than one male, 
to fertilize the female ova (Zaniboni-Filho and 
Nuñer, 2004). The reduction in the volume and 
quality of semen is attributed to the stress that 
the animals suffer during the reproductive pro-
cess. Despite the positive purpose, it is feasible 
that this crossing system reduces genetic vari-
ability, decreases viability, and lowers the sur-
vival of batches and offspring in fi sh farming 
(Lopera-Barrero, 2007).

Therefore, it is recommended to maintain the 
effective number of breeders at as high a num-
ber as possible and to perform spawning with an 
equal proportion of sexes in order to maintain 
the genetic potential of a batch or breeder popu-
lation, which can maintain the genetic diversity 
(Brown et al., 2005; Frost et al., 2006). Some 
studies have shown the infl uence of crossing 
systems on the genetic variability of batches 
in fi sh farming. Lopera-Barrero (2007) studied 
two types of crossing (1:1 and 2:1, male:female) 
in the  semi-natural reproductive system, and 
found a loss of genetic variability in the system 
that used two males for each female (2:1) ac-
cording to the Shannon’s index of genetic diver-
sity (SI) (breeders = 0.2153; larvae = 0.1882) and 
the percentage of polymorphic fragments (PF) 
(breeders= 34.44%; larvae= 33.33%). Another 
study (Povh, 2007) that compared the semi-nat-
ural spawning system and an extrusion system 
for a “pacu” (Piaractus mesopotamicus) batch 
found an increase in the genetic variability of 
the batch managed by the semi-natural system 
(SI = 0.365 and PF = 60.5%), using a 1:1 cross-
ing system.

Once the crossing system is established, the re-
productive system where the fi sh are going to 
cross must be defi ned. There are two reproduc-
tive systems for reofi lic species, semi-natural 
and extrusion systems (Zaniboni-Filho and Nu-
ñer, 2004). The reproductive extrusion system 
by is one of the most widely used in Brazil (An-
drade and Yasui, 2003). Most of the fi sh farms 
have used this spawning system, which does not 
require reproduction or spawning ponds, allows 
for an easy gamete management that is set up 
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for improving and selecting programs, and re-
duces the labor force needed in the procedure. 
However, some fi sh species are generally very 
sensitive and undergo high stress in this repro-
ductive management system, resulting in high 
rates of mortality.

The semi-natural reproductive system has 
scarce interference from the breeder in the re-
productive process, simulating natural breeding 
conditions. In this system, after the hormonal 
induction, females and males are placed inside 
a reproduction pond (simulating satisfactory en-
vironmental conditions), where ova fertilization 
occurs directly and randomly by males (Lopera-
Barrero, 2007).

For Leporinus macrocephalus, the semi-natural 
reproductive system allowed a higher rate of 
breeding survival and a higher rate of ova fer-
tilization than the extrusion system (Reynalte-
Tataje et al., 2002b). When analyzing the ge-
netic variability of batches of P. mesopotamicus 
in the semi-natural reproduction system and the 
extrusion system, Povh (2007) found a higher 
genetic diversity in the semi-natural system 
than in the extrusion system, and concluded 
that the semi-natural reproductive system must 
be used when the purpose of fi sh farming is the 
production of fi ngerlings or juveniles for stock 
enhancement programs. This recommenda-
tion was confi rmed for B. orbignyanus, which 
experienced no breeding mortality in the semi-
natural system and exhibited higher genetic di-
versity among offspring using the 1:1 crossing 
system (Lopera-Barrero, 2007). However, ad-
ditional analyses are needed to confi rm the effi -
ciency of this system for preserving the genetic 
variability of other migrant fi sh species. 

Stock enhancement programs. To rehabilitate 
reduced fi sh, stock enhancement programs are 
essential to maintain the genetic variability of 
the native population, an aspect that should be 
considered when releasing fi sh into the environ-
ment for stock enhancement programs. Since 
native species have been heavily impacted, it is 
evident that breeding on fi sh farms may be an 
alternative for restoring fi sh populations (Povh 
et al., 2008). Therefore, fi sh stock enhancement 
programs in rivers can promote the conserva-
tion of genetic resources, especially when there 

is a risk of extinction (Barroso et al., 2005).
Stock enhancement programs must be widely 
discussed and informed by scientifi c knowledge 
(Sirol and Britto, 2006). Offspring obtained for 
stock enhancement programs are normally ob-
tained from crossings of few fi sh pairs, which 
temporarily reduces the genetic variability 
(Povh et al., 2008). Consequently, irrational in-
troductions of fi sh may reduce the genetic 
variability of populations, thereby potentially 
causing a loss of resistance against diseases, re-
ducing the capacity for fi sh to adapt to changes 
in their environments and genetically altering 
natural populations (Taniguchi, 2003; Leuzzi et 
al., 2004; Sønstebø et al., 2007).

Thus, for conservation of the genetic diversity 
of natural populations of B. orbignyanus, all 
the fi sh released during stock enhancement pro-
grams must represent the populations genetical-
ly.  This standard can be accomplished by using 
an effective number of breeders (a minimum of 
12 per crossing) from populations with a genetic 
composition similar to natural populations that 
have preserved their genetic variability (Lop-
era-Barrero, 2007). In order to fulfi ll these re-
quirements, molecular markers (e.g., randomly 
amplifi ed polymorphic DNA (RAPD), micro-
satellites) are used extensively (Liu and Cordes, 
2004; Povh et al., 2008). 

Genetic analysis using molecular markers.  De-
termining the distribution of the genetic vari-
ability within and among populations is an 
important step for planning successful in situ 
conservation and repopulation programs. For 
this analysis, one must consider if a particular 
species is distributed in a single population or 
if there are multiple genetically distinct popula-
tions. At the same time, it is necessary to know 
the level of interaction among populations. In 
freshwater fi sh, populations are distributed 
throughout isolated locations, which may mini-
mize the genetic interchange among them, lead-
ing to processes of genetic differentiation (Hils-
dorf and Petrere Jr., 2002).

Genetic analysis of non-invasive samples may be 
carried out with the help of molecular markers 
(Lopera-Barrero et al., 2008a). Fish maintained 
in controlled environments may be exposed to a 
decrease in genetic variability due to the effect 
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of crossing among related individuals. This ten-
dency was observed for B. orbignyanus, where 
a similar genetic variability was found among 
batches of different origins (Lopera-Barrero et 
al., 2006).

The fi rst step for implementing fi sh farming or 
programs of genetic improvement and repopu-
lation of B. orbignyanus is to verify the genetic 
variability of the batches and the genetic struc-
ture of natural populations in order to select 
individuals that effectively contribute to form-
ing a batch with a genetic base wide enough for 
such purposes (Lopera-Barrero et al., 2007). 
Therefore, molecular markers are a useful tool, 
and they are safe. Among the several molecu-
lar markers developed in recent years, Random 
Amplifi ed Polymorphic DNA (RAPD) markers  
and microsatellites are the ones used the most in 
studies of fi sh genetics and in conservation and 
genetic monitoring (Wasko and Galetti Jr, 2003; 
Liu and Cordes, 2004; Povh et al., 2008; Lopera-
Barrero et al., 2008b). Accordingly, studies that 
determine the variability and genetic structure, 
parentage and breeding of fi sh populations (e.g., 
B. orbignyanus) provide important contribu-
tions to the knowledge concerning the conser-
vation of exploitable ichthyological resources.

Fish health. The information that exists con-
cerning the conditions that promote parasit-
ism in controlled and natural environments is 
limited for freshwater species in Brazil. Still, 
the intensive cultivation of fi sh, due to factors 
inherent in this activity, favors the occurrence 
of some infectious and parasitic diseases (Brac-
cini, 2007). Currently, the prevalence of fi sh 
diseases is a problem in Brazilian fi sh farming 
(Dias et al., 2004). 

Whether from natural or artifi cial water sys-
tems, fi sh are infected by numerous parasites, 
protozoans and metazoans that may be found on 
the body surface (ectoparasites) or in the inter-
nal organs (endoparasites). If these organisms 
do not cause death, they generally cause lesions 
in the tissues that compromise the quality of 
meat for human consumption (Pavanelli et al., 
2002; Fonseca and Silva, 2004).  The aquatic 
environment enables access and penetration 
of pathogenic agents, and fi sh containment fa-
vors the appearance of diseases that cause high 

rates of mortality due to the lack of knowledge 
about the proper conditions for management, fa-
cilities, population density and nutritional needs 
(Gomes et al., 2003; Vargas et al., 2003). Thus, 
it is important to know the different fi sh dis-
eases, their favored environmental conditions, 
their transmission processes, their prophylaxes, 
and how to diagnosis their presence and, when 
necessary, to be able to administer specialized 
treatments (Pavanelli et al., 2002).

 The protozoan Trichodina spp. and species 
Dactylogyridae, the main parasites present in 
captivity environments and Brazilian rivers, 
may enable secondary infections by oppor-
tunistic bacteria by suppressing the immune 
system of the fi sh. These parasites are favored 
during certain phases of growth and seasons of 
the year, by high population densities, in certain 
species and sexes, and by poor water quality 
(Vargas et al., 2003; Azevedo, 2004; El-Sayed, 
2006; Schalch et al., 2006). Other diseases that 
cause high mortality (e.g., Flavobacterium co-
lumnare) also affect several tropical species of 
freshwater fi sh, including B. orbignyanus, and 
cause economic losses due mainly to diffi culties 
with their isolation and characterization (Pilar-
ski et al., 2008). 

 To develop effective techniques for controlling 
parasites, it is necessary to determine the epi-
demiological, environmental and health condi-
tions that will inhibit parasitism in fi sh farms 
(Schalch and Moraes, 2005). Fish are extremely 
sensitive to many aquatic pollutants, especially 
to those contaminants that affect their perme-
ability to water and ions. The branchial epithe-
lium plays an important role in the osmotic and 
ionic pressure of fi sh, and cells forming that 
epithelium respond directly or indirectly to en-
vironmental factors and internal alterations of 
the organism (Lupi et al., 2007). 

Morphological alterations of gills, as well as liv-
ers and kidneys, may be used in investigations 
to characterize the toxicity from specifi c chemi-
cal compounds and to monitor their acute and 
chronic effects on contaminated aquatic envi-
ronments (Lupchinski Jr. et al., 2006; Lupi et 
al., 2007). Thus, gills can be used as biomarkers 
for monitoring ecosystems in conservation pro-
grams as a method of environmental monitor-



199VOLUME 36 Nº2  MAY - AUGUST 2009

ing of ecosystems. According to Adams (2002), 
the term biomarker of environmental pollution 
refers to a specifi c organ that suffers morpho-
logical alterations, structural alterations in cells 
and/or tissues, and/or performance alterations 
as a consequence of exposure to a pollutant. 
Signals that are evidence of toxicity include a 
decrease in feeding, a loss of balance and pig-
mentation, and death, and they are preceded by 
biochemical, physiological and morphological 
changes of the organism (Akaishi, 2007). 

Water quality.  Human population growth 
causes an increase in the exploration for and use 
of water, resulting in an increase in all types of 
residual waste waters. This growth without any 
planning leads to the depletion and pollution of 
water resources. The decrease in the availability 
of water resources and the impacts on surface 
and ground water quality necessitate a renewed 
tendency towards the rational utilization of 
wate, minimizing the damage to the environ-
ment. During the process of fi sh farming, the 
accumulation of organic and metabolic residues 
in ponds is inevitable, especially in systems of 
intermittent water renovation. The volume of 
feces excreted daily by the fi sh population is one 
of the main sources of organic residues in fi sh 
farming (Hussar et al., 2005).

In fi sh farming, the farmer must know the qual-
ity, amount and origin of water, and accept the 
pre-established standards and parameters. The 
overall water quality in fi sh farming is the result 
of external infl uences (e.g., the quality of the 
water source, soil characteristics, climate, the 
introduction of foods) and internal aspects (fi sh 
density and physical, chemical and biological 
processes, in addition to the characteristics of 
the pond construction, Bastos, 2003). The main 
pollutant sources of the aquatic environment in 
fi sh farming are the food and fi sh metabolites, 
which introduce high levels of nitrogen and 
phosphorus (Medeiros, 2002). 

 The integrated management of water resources 
is based on the perception of water as part of 
the ecosystem. In addition to being a natural 
resource, it is an economic and social good, 
whose adequate amount and quality determines 
the nature of its use. Water must be protected 
due to the crucial importance of aquatic eco-

systems for the satisfaction of current and fu-
ture human needs (Garutti, 2003). For example, 
Toledo et al. (2003), when analyzing the water 
quality of a fi sh farm in the municipality of Alta 
Floresta-MT, found statistically signifi cant dif-
ferences between the water supply to ponds and 
the water outfl ows from those ponds. On the 
other hand, Sipaúba-Tavares et al. (2008), when 
analyzing the infl uence of water quality and 
zooplankton abundance on the performance of 
B. orbignyanus larvae, stated that the physical, 
chemical and biological variables of water de-
termine the yield of larvae in ponds, necessitat-
ing the constant control and monitoring of this 
resource.

As the number of fi sh farms increases, most 
of them without technical support, there is an 
urgent need for studies on the impact on water 
quality in bodies of water that receive the out-
fl ows from fi sh farms (rivers, lakes, lagoons), 
mainly due to the organic matter and nutri-
ents that are released daily into the rivers and 
streams of the region (Silva, 2007b).

Strategy for establishing genetic banks 

Strategies that use biological material to add to 
the current knowledge on the genetic diversity 
and molecular biology of fi sh species are desir-
able and necessary. For example, DNA storage 
has been useful for studies on epidemiology and 
population genetics (Egito et al., 2005). In this 
context, the formation of genetic banks contain-
ing tissue samples, DNA samples and cryopre-
served gametes are important for character-
izing and conserving the genetic resources of 
ichthyofauna.

Sampling and sample preservation. A great 
number of genetic studies on fi sh have been car-
ried out in recent years using protocols based on 
DNA analysis. However, the feasibility of these 
studies is frequently limited by the ability of 
the researchers to isolate DNA in an acceptable 
amount and quality (Aranishi, 2006; Lopera-
Barrero et al., 2008a).

Two procedures may be generally used to ob-
tain DNA samples: invasive sampling and non-
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invasive sampling.  Invasive sampling uses 
surgical methods to retrieve samples of normal 
tissues, causing lesions that may act as an en-
trance for infections that cause the death of ani-
mals.  Non-invasive sampling is more attractive 
and more widely used, as it is possible to obtain 
good quality DNA samples from external tis-
sues, blood (Pineda-Santis et al., 2004), scales 
(Wasko et al., 2003), mouth cells (Livia et al., 
2006), muscle (Sofi a et al., 2006), and ova (Ara-
nishi, 2006). Fin samples have been used suc-
cessfully in B. orbignyanus because of the sim-
plicity of collection and preservation (usually in 
70 or 100% ethanol), the ease of the extraction 
protocol, and the amount and quality of DNA 
extracted (Wasko et al., 2003; Gomes, 2007; 
Povh, 2007; Lopera-Barrero et al., 2008a).

Gametes cryopreservation. Another method 
used for the conservation of B. orbignyanus is 
the cryopreservation of semen and embryos. 
The biotechnology for gamete cryopreservation 
guarantees the preservation of genetic mate-
rial for many years, which provides a reserve of 
good quality genetic material that can be used 
for a variety of investigations in different areas 
(Streit Jr., 2005).

The use of a semen bank in programs aimed at 
conserving genetic resources has several advan-
tages, including the reduction in the number of 
male breeders used in programs for artifi cial 
propagation, the ability to simultaneously man-
age breeders during any season of the year, the 
orientation of programs towards genetic im-
provement, the procurement and management 
of genetic material for the analysis of genetic 
diversity, the elaboration of genetic banks, and 
the conservation of species regarded as at risk of 
extinction (Carneiro, 2007). For these purposes, 
intracellular cryoprotectors (e.g., dimetilsulfóx-
ido, methanol, glycerol) and extracellular cryo-
protectors (e.g., sacarose, glucose, polymers, 
and proteins such as those from the egg bud) 
have been used. In combination, cryoprotectors 
can provide a more complete protection for cells 
because they act at the level of the cell mem-
brane (Lopera-Barrero, 2007). 

The conservation of fi sh embryos by cryopreser-
vation is not yet feasible because of factors such 

as cold sensitivity, differences in membrane 
permeability and the amount of vitelum (Streit 
Jr. et al., 2007). On the other hand, studies have 
shown that the establishment of a protocol for 
the cold-preservation of embryos is near (Aham-
mad et al., 2002). Of the possible applications of 
cold-preservation of embryos, the main ones are 
as follows: enabling species reproduction when 
there is not reproductive synchronism, allowing 
the collection of embryos from remote places, 
and maintenance of embryos in cool conditions 
until incubation (Ahammad et al., 2003). 

Management strategy for natural resources 

The possibilities for ichthyofauna management 
that may be successful in natural environments 
affected by human action include implementa-
tion of catch periods, defi nition of catch quotas, 
normalization of types of equipment allowed 
for catch, restoration of spawning and growth 
areas, fi shing control (season, place, minimum 
size of catch), improvement and restoration 
of natural environments, and construction of 
fi sh passage mechanisms (stairs and elevators) 
(Agostinho and Gomes, 2006; Sirol and Britto, 
2006) if there is an adequate management and 
control of the natural resources. 

According to Agostinho et al. (2005), the pro-
grams for ichthyofauna conservation must in-
volve four objectives. First, fi sh management 
has to provide equal priorities for fi sh production 
and biodiversity restoration. Second, manage-
ment actions must emphasize the preservation 
of the integrity of ecosystems, mainly in areas 
critical for the life cycle of the species existing 
in the basin. Third, all management actions must 
be followed by subsequent monitoring. Fourth, 
the legislation and control of fi shing require an 
effi cient system of communication that is realis-
tic and has clearly defi ned objectives, as well as 
a wide participation of fi shermen organizations 
and society. 

Social programs and multidisciplinary par-
ticipation. The components of a conservation 
program for aquatic resources, in addition to re-
quiring monitoring strategies and the formation 
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of genetic banks, also need social participation 
and support from other areas, which promote 
the development of regional conservation pro-
grams and foster new alternatives for the local 
and regional economy. 

Several areas must participate in all of the pro-
grams for the conservation of species threatened 
with extinction. Part of the success of the pro-
grams will depend on the multidisciplinary for-
mula and scientifi c linkages. The integration of 
environmental, biological and agrarian sciences 
and the participation of companies that generate 
energy are important. It is from their scientifi c 
contributions that the management objectives 
and procedures, the defi nition of the species that 
will be repopulated, the locations and periods of 
release, the amount and frequency of releases, 
the protection of genetic diversity and the pro-
tection of the ciliary mata and the ecosystem 
may be objectively defi ned (Lopera-Barrero et 
al., 2007). 

Participation by the biological and environmen-
tal sciences in characterizing the limnology and 
monitoring the water quality of rivers and fi sh 
farms and by the forestry and agronomic sci-
ences in proposing campaigns of reforestation 
and protection, as well as application of eco-
technology to increase the participation and 
education of the population are some examples 
of how multidisciplinary participation can help 
in the preservation fi sh species.

Conservation areas. The selection of areas 
destined for species conservation is normally 
carried out on the basis of criteria of pristine-
ness (natural and wild environments, with an 
idealized absence of human interference) and 
scenic beauty (Metzger and Casatti, 2006). This 
process has resulted in a tenuous distribution 
of conservation units (or reserves) generally in 
remote areas with higher altitudes, rough relief 
and poor soils and in areas where the economic 
exploration of the territory was harder to accom-
plish or less productive (Groves et al., 2002).

In order to avoid this obstacle, it is necessary to 
establish more objective biological criteria for 
selecting areas of conservation, such as represen-
tativeness of a wide range of attributes related to 
biodiversity or preservation of biological integri-
ty to ensure the persistence of populations during 
extensive periods of time (Gaston et al., 2002; 
Gaston and Rodrigues, 2003). It is important to 
defi ne objectives for conservation, evaluate the 
existing reserves, select new priority areas, and 
to implement feasible management programs for 
the reserves (Metzger y Casatti, 2006).

Ecotourism. Studies that have monitored the im-
pacts of ecotour visits to Neo-tropical freshwater 
environments are rather limited and practically 
non-existent in Brazil (Sabino and Andrade, 
2002). For a correct ecotourism practice, pro-
tocols must be established for visits that aim to 
diminish the confl ict between recreation and the 
conservation of nature (Terborgh et al., 2002), 
prepare the visitor to understand and respect the 
environment (Sabino and Andrade, 2002), and 
avoid negative impacts on sensitive components 
of the environment (Hiddink et al., 2006).

From an analysis of the existing literature, it 
can be concluded that management of B. orbig-
nyanus and the conservation of its ecosystem 
may provide a system for developing sustain-
able models for management of natural popula-
tions and breeders maintained in captivity that 
can then be applied to other migrant species 
threatened with extinction.

Finding the balance between economic interest 
(private) and environmental conservation (pub-
lic interest) is not an easy task, mainly because 
the control of this balance depends on criteria 
that are subjective in nature and on adequate 
environmental and tourism policies (Sabino and 
Andrade, 2003). A scientifi cally oriented moni-
toring program diminishes this subjectivity, as 
it includes the evaluation of quantifi able biotic 
and abiotic components (Sabino and Andrade, 
2002).  
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