Acta Limnologica Brasiliensia Thematic Section: Reservoirs Ecology

Acta Limnologica Brasiliensia, 2018, vol. 30, €302
https://doi.org/10.1590/52179-975X12617

% Publication of the
> Brazilian Association of
»:}:iu Limnology

ISSN 2179-975X on-line version

Opportunities and challenges for fish culture in Brazilian
reservoirs: a review

Oportunidades e desafios para a aquicultura em reservatdrios brasileiros: uma revisiao

Evoy Zaniboni-Filho'*, Janaina dos Santos Pedron' and Josiane Ribolli’

'Laboratério de Biologia e Cultivo de Peixes de Agua Doce, Departamento de Aquicultura,
Universidade Federal de Santa Catarina — UFSC, Rodovia Francisco Thomaz dos Santos, 3532,
CEP 88066-260, Floriandpolis, SC, Brasil

*e-mail: evoy@lapad.ufsc.br

Cite as: Zaniboni-Filho, E., Pedron, J.S. and Ribolli, J. Opportunities and challenges for fish culture
in Brazilian reservoirs: a review. Acta Limnologica Brasiliensia, 2018, vol. 30, €302.

Abstract: Aim: Aquaculture plays an important role in the world and in Brazil. Artificial
construction of water bodies, such as ponds and reservoirs, has allowed for fish culture in cages in
those environments, generating conflicts over the use of these public waters. The producers are seeking
to increase production, and the ecosystem is susceptible to the impacts caused by production activity.
‘The aim of this review was to identify questions about these conflicts (productivity x environment) and
to indicate possible solutions to the main problems related to fish farming in reservoirs. Methods: A
bibliographical survey was carried out on the main aspects of cage fish farming in Brazilian reservoirs.
Studies from 1977 to 2018 (scientific journals, books, and thesis) were revised using seven databases, the
CAPES periodicals portal and Google Scholar websites. The main keywords used were “aquaculture”,
“reservoir”, “cage”, “eutrophication”, “carrying capacity”, “impacts”, “oligotrophic”, “escapes”,
“hybrids”, and “pollution”. Results: We accessed approximately 330 and cited 151 documents.
Conclusions: The negative aspects associated with cage fish farming, as escapes of cultivated fish, and
the possible solutions of this and others negative impacts were addressed, identifying mechanisms for
reducing conflicts between environmental impacts and aquaculture production. Potential solutions
include the use of native fish species or sterile species, implementation of monitoring systems of the
surrounding area, adoption of measures to reduce the accidental escape of fish, use of multitrophic
culture systems, use of highly digestible diets with appropriate food management, and use of computer
programs that incorporate current and historical environmental data to calculate carrying capacity
and choose the most appropriate location for production.

Keywords: eutrophication; impacts; net cage; oligotrophic; pollution.

Resumo: Objetivo: A aquicultura apresenta grande importincia no cendrio mundial e brasileiro.
A construgio artificial de grandes corpos de dgua, como agudes e reservatérios, aumenta o potencial
de cultivo de peixes em tanques-redes nesses ambientes, gerando conflitos sobre o uso dessas d4guas
publicas, onde de um lado estd a cadeia produtiva buscando o incremento da produgio, e do outro lado
0 ecossistema, susceptivel aos impactos causados pela atividade. O objetivo desta revisio foi levantar
questionamentos sobre estes conflitos (produtividade x ambiente) e indicar possiveis solugées para
os principais problemas ligados a criagio de peixes em tanques-rede em reservatérios. Métodos: O
levantamento bibliografico abordou os principais aspectos que envolvem a piscicultura em tanques-rede
em reservatdrios brasileiros. Trabalhos publicados entre 1977 ¢ 2018 (jornais cientificos, livros e teses)
foram revisados utilizando sete bases indexadoras, os websites “periédicos da capes” e “Google Scholar”.
As principais palavras-chave utilizadas foram “aquaculture”, “reservoir”, “cage”, “eutrophication”,
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“carrying capacity”, “impacts”, oligotrophic, “escapes”, “hybrids”, “pollution”. Resultados: Nesse
levantamento foram acessados aproximadamente 330 e citados 151 documentos. Conclusées: Foram
abordados os aspectos negativos associados ao cultivo de peixes em tanques-rede, como os escapes de
peixes cultivados, e as possiveis solugoes deste e de outros impactos negativos, buscando a redugio dos
conflitos ambientais vs. producio aquicola. Dentre elas, o uso de espécies nativas ou exemplares estéreis,
implanta¢do de sistemas de monitoramento da criagio e da 4rea do entorno, adogio de medidas que
reduzam os escapes acidentais de peixes, uso de sistemas de cultivo multitréficos, utilizagio de dietas
com elevada digestibilidade fornecidas com manejo alimentar apropriado, além do uso de programas
computacionais que utilizem dados ambientais atuais ¢ histdricos para o célculo da capacidade de

suporte e escolha dos locais mais adequados.

Palavras-chave: eutrofizacio; impactos; tanque-rede; oligotréfico; poluigio.

1. Introduction

This review addresses cage fish farming in
reservoirs and opportunities to minimize the impacts
of this activity. Aquaculture is important globally,
with an average annual growth of 5.8 percent
between 2005 and 2014 (FAO, 2016). Brazilian
aquaculture production has increased during recent
years, with a production value of R$ 4.61 billion in
2016, with most (70.9%) from fish farming (IBGE,
2017). In addition, according to SOFIA (State of
World Fisheries and Aquaculture) reports (FAO,
2016), Brazil will likely sustain growth at 104%
for fishery and aquaculture production until 2025,
mainly due to the development of the aquaculture in
inland waters. However, although not demonstrated
to date, cage fish farming in reservoirs can be an
alternative to reduce fishing pressure on natural
stocks. The following sections outline several aspects
related to cage fish farming systems in reservoirs,
focusing mainly on Brazilian conditions.

This review aimed to compile the main studies
involving cage fish farming, a subject often polarized
and controversial. This activity is not well seen from
the perspective of conservation; however, due to the
wide availability of reservoirs with large volumes
and the possibility to use these areas for aquaculture
purpose, we believe that carrying out the activity
using best management practices may be the best
option for this impasse. Reservoirs with problems
associated with aquaculture activity should serve as
an example, preventing repetition of errors.

A bibliographical survey was carried out
on the main aspects of cage fish farming in
Brazilian reservoirs. Studies from 1977 to 2018
(scientific journals, books, and thesis) were
reviewed using seven databases (Agris, ASFA,
Biosis, CAB, Pubmed/Medline, Scielo and
Scopus), CAPES periodicals portal, and Google
Scholar websites. The main keywords used were:
“aquaculture”, “reservoir” “cage”, “eutrophication”,
“carrying capacity”, “impacts”, “oligotrophic”,
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“escapes”, “hybrids”, and “pollution”. We accessed
approximately 330 and cited 151 documents.

2. Cage Fish Farming

In Brazil, the emergence of large dams is directly
linked to the construction of Hydroelectric Power
Plants (HPP). The negative environmental impacts
generated by the construction of these dams are large
and considered to be proportional to the formation
of a new ecosystem, and the main changes affect
hydrology, trophic relations, primary production
base and nutrient cycling, besides blocking
movements of migratory species (Agostinho et al.,
2007; Winemiller et al., 2016). Socioeconomic
impacts are also an effect of dams, as fishing is
hampered by the considerable loss of biodiversity
and the change in the prevalence of target species
(Brandao et al., 2013). Thus, the production of
fish in cages in Brazil has become an alternative
for fish production, and it has been implemented
in several reservoirs. In addition, the potential
profitability of fish farms has caught the attention
of government agencies, which encourage and assist
in the production process (Queiroz & Rotta, 2016).
Despite the government’s support, cage fish farming
is a new activity for which a production model still
needs to be adapted to reduce costs and make it a
sustainable activity (Garcia et al., 2013).

The fish cages can also be placed in ponds, rivers,
estuaries and the open ocean. Confining fish in these
structures facilitates their observation, feeding and
harvesting (Beveridge, 2004; Kumar & Karnatak,
2014). However, because it is an open system,
the interactions that occur in fish cages affect the
environment and vice versa, so selecting the location
for the cages becomes an important factor (Cardia
& Lovatelli, 2015).

According to Beveridge (2004), there are three
main criteria that should be considered when
choosing a location:
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* Environmental criteria for fish farming: water
quality (dissolved oxygen, temperature, pH,
turbidity, pollution), topography, hydrology,
and algal blooms;

* Environmental criteria for fish cage structures:
climate (precipitation, temperature variations),
currents, depth, and substrate;

e Logistical and management criteria:
regulations and planning, access, proximity
to the consumer market, and security.

Analyses of these criteria are complex and may
take a long time to carry out. A Geographical
Information System (GIS) is a computer-based
tool that uses georeferenced data (remote sensing)
that can be used for the evaluation and selection
of potential sites for aquaculture (Ross et al.,
2011; Pérez et al., 2005). In aquaculture, the
data required to execute planning using GIS
include economic, social, physical, biological,
geographic and sustainability criteria (Meaden
& Aguilar-Manjarrez, 2013). The different sets
of data are integrated and overlaid, generating
graphs, tables and maps that aid in the analysis
for decision-making. For example, the exclusion
of protected or contaminated areas, estimation of
the maximum number of tanks and the minimum
distance between them in each area, and assessment
of carrying capacity are factors that help in the
development of a management plan to mitigate
possible environmental impacts (Serpa & Duarte,
2008; Meaden & Aguilar-Manjarrez, 2013).

In Brazil, some studies have already used GIS
for locating areas for aquaculture (Volcker & Scott,
2008; Freitas et al., 2015). However, according to
Viann et al. (2016), although the criteria and factors
are already established and documented, there are
still some difficulties using GIS, such as the need to
improve the description of the process for designing
decision-making models based on GIS products and
enabling a greater number of managers to apply it.

One of the disadvantages of using cages is the
operating costs, which are slightly higher when
compared to other aquaculture systems such as
ponds and raceways. However, the initial costs
of implementation are lower and allow a greater
number of production cycles (Beveridge, 2004;
Baliao & Dosado, 2011). Another disadvantage
of fish cages is that direct contact with the
surrounding environment can release leftover food
and feces, which impair the quality of the water
and the surrounding biota (Serpa & Duarte, 2008).
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Moreover, this direct contact with the environment
can also affect fish production, either due to
selecting areas that are not suitable for fish farming
or because of inadequate management applied
within the fish production system.

Referent to the invasive species, another problem
that has arisen in cage fish farming is the incrustation
of the golden mussel Limnoperna fortunei, a
bivalve mollusk (Mytilidae) introduced in Brazil
in the 1990 (Pestana et al., 2010). According to
Marengoni etal. (2013), the invasion of the golden
mussel may impair the great aquaculture potential
of the Itaipu reservoir (Parand River, Parand, Brazil),
if control measures are not taken. Fish cages are an
ideal structure for golden mussel fixation, due to
the great food supply from the high loads of organic
matter produced by the fish in these systems.
The fixation of L. forunei in the structures impairs
the exchange of water from inside to the outside of
the fish cages, preventing the exit of waste products
and reducing the oxygenation (Costa et al.,
2012; Oliveira et al., 2014). In addition, the
shells can cause injuries to fish skin, allowing the
access of pathogens and infectious diseases, thus
compromising productivity by rising mortality
chances (Inoue et al., 2003; Oliveira et al., 2014).
The maintenance and cleaning of the fish cages must
be more frequent (every 2-3 months) and increase
production costs. This management requires labor
and the use of high-pressure washers with elevated
energy costs. According to producers, stainless
steel cages are preferable because they produce
less fouling, probably due to the smaller surface of
contact, requiring a lower frequency of cleaning and
thus reducing management costs (Oliveira et al.,
2014).

3. Water Quality and Environmental
Changes

Cage fish farming can have several negative
effects on the water quality of the environment
around production. These effects will depend on
the species produced, storage density, location, food
quality and handling. Nutrients, such as phosphorus
and nitrogen, are released into the water column,
leading to an increase in nutrient load, which
can lead to eutrophication. Ammonia is excreted
by the gills and other products of nitrogen and
phosphorus are excreted in the feces. Ammonia
is the most reactive nitrogen form and is rapidly
absorbed by the pelagic microbial community
and converted into oxidized forms such as nitrate

(Handy & Poxton, 1993; Black, 2008; Lima et al.,
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2018). The release of phosphorus into freshwater
environments is a concern because it is generally
the most limiting element for algae growth, so
its excessive introduction into water bodies can
increase algae biomass and lead to harmful blooms,
which results in decreased dissolved oxygen levels
(Holmer, 2010).

Particulate organic material is mainly from
the feed ration not consumed by fish and feces.
Approximately 20% of the food used to feed fish
in cages is lost before being ingested (Pearson &
Gowen, 1990), and the rate of dietary utilization
by fish grown in cages is 14.8% for nitrogen and
11% for phosphorus (Guo & Li, 2003). Thus, food
management is essential to reduce the impact of
excess nutrients. To optimize food management,
automatic feeders can be used, providing the
feed according to defined growth models for the
species cultivated (Black, 2008). Increasing feed
digestibility is also a feeding strategy, as fish would
absorb nutrients more efficiently, reducing the
release of waste as well as the production costs
(European Commission, 2015; Serpa & Duarte,
2008). Aquaculture feed is one of the largest
expenditures and may exceed 50% of the total cost
of production (Rana et al., 2009).

When an imbalance in the environment occurs
and oxygen becomes limiting, geochemical changes
in sediment and fauna can be extensive. However,
once nutrient introduction from fish farming is
ceased, the recovery of the system is relatively
fast. This recovery may take several months and
be followed by a recolonization of the sediment
by a community distinct from the previous one.
The process of chemical and biological recovery is
closely linked with bioturbation processes, which
can result in an increase in the oxygen supply and
rapid removal of nitrogen and phosphorus (Black,
2008).

Half of the nutrients supplied to the fish
are lost through unconsumed food or fish
feces and thus are available for phytoplankton,
zooplankton, macroinvertebrates and surrounding
fish. The results of a study of different fish species
maintained in cages in a Chinese lake demonstrated
a strong negative correlation (r = 0.93) between
phytoplankton biomass and distance from the
tanks (Guo & Li, 2003). Loureiro et al. (2012)
observed the increase of zooplankton biomass on
the surface of the water near a fish cage in the Itd
reservoir located in the Uruguay River (between
the states of Santa Catarina and Rio Grande do
Sul, Brazil). Tibuarcio et al. (2015) observed an
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increase in copepod biomass after the installation
of tilapia (Oreochromis niloticus) fish cages in the
Rosana reservoir on the Paranapanema River
(between the states of Sao Paulo and Parana, Brazil)
and related the increase in biomass to the increase
in the concentration of nutrients and changes in
environmental variables.

Rosini et al. (2016) observed that tilapia
O. niloticus cage farming increased water nutrients
(mainly ammonium ion and total phosphorus),
which changed the phytoplankton community
with the increase of Cyanobacterial biomass.
Ramos et al. (2013) evaluated the influence of
tilapia aquaculture on the feeding habits of several
species of fish (Astyanax lacustris = A. altiparanae,
Galeocharax knerii, Theringichthys labrosus,
Pimelodus maculatus and Plagioscion squamosissimus).
The authors observed among fish with a generalist
diet (A. lacustris, P maculatus and P squasissimus)
an increase in the condition factor of the fish in the
growing areas compared to those in a control area.

Brandao et al. (2014) also evaluate the
population of Galeocharax knerii living around cage
fish farming activities in the Chavantes reservoir
in the Paranapanema River (between the states
of Sao Paulo and Parand, Brazil), and found that
their diet and biological attributes changed due
to a greater feeding activity, leading to a higher
length, numerical abundance and biomass. On the
other hand, severe histophysiological changes were
detected in wild Geophagus cf. proximus under the
influence of tilapia cage fish farming of the Ilha
Solteira Reservoir (located between the states of Sao
Paulo and Mato Grosso do Sul, Brazil), as pancreatic
hyperplasia, hepatic functions, possibly interfering
with gonadal metabolism and alterations of the liver,
when compared to specimens from control area
(Kliemann et al., 2018).The use of pharmaceuticals
(antibiotics, antiparasitics) is common in fish
farming and is mainly used to treat infections and
parasitic infestations. The use of these products is
recommended because the presence of pathogens
negatively affects animal welfare and consequently,
productivity.

The main environmental risks associated with
the use of chemicals in aquaculture are related
to deterioration of water quality, quantity and
frequency of use, interference in biogeochemical
processes, toxicity to flora and fauna, residence time
of the chemical in the environment, development
of resistance to pathogenic organisms and reduction
of the prophylactic efficiency of therapeutics (Black,
2008; Serpa & Duarte, 2008).
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The adoption of best management practices
(BMPs) helps reduce or eliminate the need for
medication use. However, an alternative practice
already being widely applied in fish farming is the
use of specific vaccines, which has helped reduce the
release of pharmaceuticals into the environment,
as well as reduce fish mortality and improve their
growth (Alderman, 2002; Carpio et al., 2011;
European Commission, 2015).

New cultivation methods are being considered
to mitigate the impacts of fish farming in cages, such
as the culture of shellfish and seaweed alongside
or near the net cages. In addition to the benefit
of economic diversification, the most important
effect is that these organisms absorb nutrients
from the system, contributing to the reduction
of excess nutrients released from fish production.
This method is called integrated multitrophic
aquaculture (IMTA), which has garnered attention,
as an opportunity to collaborate on sustainable
aquaculture (Black, 2008; Troell et al., 2009;
European Commission, 2015). For example, an
IMTA culture of Nile tlapia O. niloticus with the
Amazon River prawn Macrobrachiun amazonicum
in Brazil reduced phosphorus levels, releasing less
phosphorus in effluents and contributing to reduce
environmental impacts during the discharge into
water bodies (David et al., 2017).

4. Regulations and Main Species Produced
in Fish Cages in Brazil

According to Gunkel et al. (2015), licenses for
aquaculture in Brazil were developed based on three
main considerations:

* use of fish cages in 1% of the water surface
area of reservoirs (Interministerial Normative

Instruction No. 7/2005);

* minimum depths of 1.75 m x the underwater
cage construction height; and

* maximum limits for the release of phosphorus
and chlorophyll z at 30 pug L' (Resolution
No. 357/2005 of the National Environment
Council (Brasil, 2005).

In addition, the licensing system of the National
Environmental Council (Resolution No. 413/2009;
Brasil, 2009) evaluates the potential impacts of
proposed aquaculture enterprises, documents the
environmental situation, establishes a minimum
criterion for environmental reporting and requires
assurance that a monitoring program will be based
on hydrobiological studies (Gunkel et al., 2015).
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In 2016, Brazilian fish farm production totaled
507 thousand tons, with the cultivation of tilapia -
mostly produced in cages - making up 47% of this
production. Farms in South and Northeast regions
of Brazil were the main tilapia producers (IBGE,
2017). In reservoirs of HPP, tilapia accounts for
90% of total farmed fish production (Scott, 2013).
Tilapia is produced across the world (introduced
in over 140 countries), and advantages such as
rapid growth, broad tolerance to environmental
conditions, and well-established production
technology are factors that influence the large-scale
production of this species (Canonico et al., 2005;
Deines et al., 2016).

Due to its ability to adapt to diverse
environmental conditions, tilapia, one of the main
escaped species that are non-native in Brazil, may
cause a biotic homogenization in the escape region
(Dagaetal., 2015). Thus, the production of native
species is recommended, with investments in
studies that improve the feed conversion rates and
growth speed of these species, so that producers
can be profitable while also stopping production
of non-native species (Bezerra & Angelini, 2016).

Tambaqui, Colossoma macropomum, is the most
promising native species cultivated in Brazil and
was responsible for 27% of total fish production
in 2016, with higher production in the Northern
region (IBGE, 2017). This species occurs naturally
in the Amazon and Orinoco River basins and
is already adapted to cage fish farming, with
a good index of production and high survival
rates (Gomes et al., 2010). A feed rate of 1% of
fish body weight per day is considered ideal to
maximize the productivity of Tambaqui juveniles
created in a fish cage (Chagas et al., 2007), and
juveniles can be grown in cages with a volume of
1 or 6 m? (initial density of 300 fish/m?), without
zootechnical differences (Gomes et al., 2004).
A gradual reduction in the stocking density of
Tambagqui is recommended throughout the growing
cycle in cages, starting with 300 juveniles/m? and
reaching 20 fish/m? to produce 1.0 kg Tambaquis
(Silva & Fujimoto, 2015). Some studies on the costs
of Tambaqui production in fish cages have been
performed and indicate a positive economic yield
when grown in the Amazon region (Gomes et al.,
2006) and in the state of Goids (Souza et al., 2014).

Pacu, Piaractus mesopotamicus, is a native fish
species from the Parand, Paraguay and Uruguay
Basins, with greater distribution in the wetlands
of the Central-West region of the Pantanal
Mato-grossense (Urbinati et al., 2010). Together
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with Tambaqui, it was considered one of the
native species of Brazil with the greatest potential
for aquaculture, according to a survey conducted
by FAO (Scott, 2013). There are few examples
of Pacu production with fish cages. However,
promising results have already been reported
(Urbinati et al., 2010). Bittencourt et al. (2010)
tested the cultivation of Pacu in the transition area of
the Itaipu reservoir, used nine fish cages (5 m?) and
found that the density of 200 fish/ cage generated
the largest productivity. In the same location
(Iraipu reservoir), Hilbig et al. (2012) suggested
a decrease in 30% of the total feeding supply for
Pacu production in a fish cage. Other studies that
guarantee profitability of Pacu production in fish
cages located in reservoirs have also been performed,
approaching nutrition, production indexes and the
minimum scale of Pacu farming (Silva et al., 2012;
Signor et al., 2013).

In addition to Tambaqui and Pacu, other native
species have also been evaluated for potential
production in cages. As an example, the Jundid,
Rhamdia quelen, also known as the silver catfish,
which is an omnivorous fish, is widely distributed
in South America, and it is considered a species
of great commercial interest in southern Brazil
(Perdices et al., 2002; Baldisserotto, 2008).
Barcellos et al. (2004) tested densities of 100 to
300 juveniles/m® in cages for the nursery phase
and found mean final weights of 60 and 30 g,
respectively. For the grow-out phase of the species,
Martinelli et al. (2013) suggest the density of
150 fish/m® and a feeding frequency of once a day.

Piracanjuba, Brycon orbz’gnyanus (omnivorous
species), is widely distributed in the Neotropical
region and is one of the six most commercially
valuable species in Brazil (Ceccarelli et al., 2010).
Beux et al. (2012) have cultivated Piracanjuba
in fish cages with different storage densities
(50 to 175 fish/m?) in the reservoir HPP
Machadinho (Uruguay River). The authors indicate
that the species did not present good performance
indexes, probably due to problems related to size
heterogeneity, agonistic behavior and growth
stabilization in the winter period. However, due to
an economic interest in the species, further studies
are still needed to evaluate its cultivation in fish
cages, investing, for example, in places with lower
temperature fluctuations.

For these colder regions of Brazil, where in
addition to the reduction of fish growth there is
also a record of fish mortality in the winter period
(mainly for Tilapia), the creation of native species
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from temperate regions may be a solution. It is
known that the best growth rates for Tilapia are
obtained at temperatures above 27 °C, with a
significant reduction in performance at 22 °C and
mortality at 17-18 °C (Webster & Lim, 20006).
There are promising results from Jundid (R. guelen)
and Suruvi (Steindachneridion scriptum) that tolerate
low temperatures and maintain food activity
when the water temperature reaches below 15 °C
(Zaniboni-Filho et al., 2009). Some performance
results of Jundid in cages are presented above. Suruvi
culture tests were carried out in the Itd reservoir
(Uruguay River) and showed that the fish tolerated
large variations in water temperature (17 to 29 °C)
and maintained a survival rate of 99%, reaching an
average weight of 1.4 kg at a density of 60 fish/m?
(Nascimento, 2013).

Although the creation of fish with carnivorous
habits is less sustainable than omnivores, species
such as the Pirarucu, Arapaima gigas, and the
Dourado, Salminus brasiliensis, have been studied
for cultivation in fish cages. Pirarucu inhabits the
waters of the Amazon Basin, and there are little data
on its commercial production in cages (Pereira-Filho
& Roubach, 2010). Oliveira et al. (2012) have
cultivated Pirarucu in cages (4 m®) in the Sitios
Novos Reservoir (Caucaia, Ceard, Brazil) and
concluded that the density of 10 fish/m? is
profitable, emphasizing that the high survival rate
and fast growth are characteristics that make it a
good species for cultivation in this system. Dourado,
S. brasiliensis, inhabits Parand, Paraguay and
Uruguay rivers and the basins connected to the Patos
Lagoon complex (Weingartner & Zaniboni-Filho,
2010). Braun et al. (2013) stored Dourado at
different densities (0.81 and 1.63 kg/m?®) in fish
cages (1 m’) in the Itd reservoir and found that
the different densities did not influence growth.
However, the stress parameters evaluated were
considered high for the species. Beux et al. (2008)
observed that S. brasiliensis shows higher growth and
survival when fish are reared in cages with higher
volumes (8 m? versus 4 m®) and reduced handling
(every 180 days versus every 60 days). Thus, studies
are still needed to develop a better protocol for the
species.

5. Ecological Interactions

Escapes from fish farming are one of the main
threats to the biodiversity of native fish species
(Orsi & Agostinho, 1999; Zanatta et al., 2010;
Pelicice et al., 2014). Escapes are primarily caused
by incidents related to failures in farming equipment
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and their operation (Jensen etal., 2010), and during
some management events such as juvenile stocking,
harvesting, biometry and length classification
(Azevedo-Santos et al., 2011). In cage fish farming,
confinement security should be a primary issue,
especially when the fish species are exotic, obtained
from interspecific crossings or genetically modified.

In recent years, Brazilian aquaculture has had a
large increase in the production of hybrid species,
resulting from the interspecific and intergenus
crosses (Hashimoto etal., 2016). Fish generated by
crosses between different species can contaminate
natural populations and constitute a significant
threat to native wildlife (Agostinho et al., 2007;
Hashimoto et al., 2016). Studies have shown
that hybrid species may be fertile, and when
these species escape, they can breed with native
fish, contaminating the genetic diversity of wild
populations (Hashimoto et al., 2011; Prado et al.,
2012). Accidental escapes are considered “biological
pollution” with irreversible ecological and trophic
effects (Orsi & Agostinho, 1999), and social
impacts (Naylor et al., 2001). In addition, these
introduced species can directly damage the wild fish
community, by consuming eggs and larvae of native
species (Canonico etal., 2005; Gunkel et al., 2018).

Escapes in fish farming, especially from
fish cages, in addition to generating a series of
problems to the native ichthyofauna, can be one
of the main means of dispersal of exotic species
in new environments (Ashikaga et al., 2010).
Problems associated with the escape of alien fish
can be devastating to native communities, such
as the escape of Nile Perch, Lates niloticus, and
Nile Tilapia, Oreochromis niloticus, which led to
the collapse of native species of the Lake Victoria
and Kyoga Lakes (East Africa) (Ogutu-Ohwayo,
1990). These species caused the extinction of most
of the native species and consequently resulted
in a great social and economic problem in the
region. Another example occurred due to the
introduction of Cyprinus carpio, Carassius auratus,
Lepomis macrochirus and Micropterus salmoides into
the Tunal River (Durango, México), resulting in
the disappearance of seven native species (Montero
Rodriguez, 2005).

Among the measures that can be taken to avoid
fish escapes, Jensen etal. (2010) suggest establishing
mandatory reporting on all incidents of leakage;
mechanisms for analyzing the reports; conducting
technical assessments for incidents involving large
numbers of fish; introducing a technical standard
for cage layouts; and conducting mandatory
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training for employees. As previously discussed,
fish farming escapes from aquaculture stations
occur from traditional fish farming and from fish
cage systems installed in reservoirs. In excavated
tanks, this control is facilitated with suitably sized
screens installed at the exit channels of the grow-out
ponds; additionally, care is given during cleaning
to prevent tanks from overflowing or fish escaping
during the handling process. In fish cage systems,
care should be even greater since handling is done
inside of the reservoir.

In addition to the mentioned measures, the
use of an additional safety screen during handling
may be a measure used to avoid fish leakage in
the fish cage system. An alternative to minimizing
impacts from accidental escapes is the use of
sterilization technologies on the fish to be farmed
(e.g., direct or indirect triploidy). The production
of sterile individuals will prevent the escape of
fertile individuals able to reproduce and establish
in the reservoir. The functional sterility of several
species of triploid fish is proven (Tiwary et al., 2004;
Melo et al., 2006; Piferrer et al., 2009); however,
this guarantee of sterilization of the entire lot of
produced fish may vary with the species and the
technique employed (Le Curieux-Belfond et al.,
2009).

Another option to minimize the risks arising
from accidental escapes is the cultivation of
monosex lines, using the traditional method for
the application of sex hormones, the tetraploidy
technique (Garcia et al., 2017), or the production
of neomales (Weiss et al., 2017). An additional
advantage of monosex cultivation is that several
species of fish have different growth potentials
between males and females, allowing the fish farmer
to exclusively cultivate the genus with greater
zootechnical advantage or market value. However,
is important to resale that sexual conversion is not
entirely safe since there are individuals, at least
3% are not reverted (Bocek et al., 1992; Phelps &
Cerezo, 1993).

The production of interspecific and intergenus
hybrids of fish is one of the most used techniques
in global aquaculture, aiming to increase food
production, aquarium fish production and
recreational fishing (Scribner et al., 2000). These
crosses are generated to obtain genetic improvement
(Bartley et al., 2001). However, from an ecological
point of view, these crosses in freshwater fish
farming are a potential threat to the biodiversity
of native fish (Helfman, 2007). The problem
associated with the use of hybrids has been reported
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by Toledo-Filho et al. (1992), who suggested strict
control over hybrid “Tambacu” stocks (crosses
between female Colossoma macropomum and male
Piaractus mesopotamicus), recommending the
adoption of preventive control measures to avoid
their spread in the environment. Currently, the
production of hybrids in Brazil has reached great
proportions, with the intentional production of
more than 15 interspecific and intergenus crosses
(Hashimoto, 2008; Porto-Foresti et al., 2010), as
well as occasional hybrids produced by commercial
fish farming, evidenced recently in different
species of Jundid (Rhamdia quelen, R. branneri and
R. voulezi) (Scaranto et al., 2018).

Molecular analyses have reported that
the presence of the first generation of hybrid
parental (F1) and genetic introgression of the
hybrids Post-F1, resulting from the crosses of
Pseudoplatystoma corruscans and P reticulatum,
compromise the pure parental lineages in the
Upper Parand River Basin (Prado et al., 2012;
Vaini et al., 2014). According to the Brazilian
Agricultural Research Corporation (Embrapa,
2012), the production of hybrids stands out for its
acceptance among those in the production sector,
based on competitiveness and legal liberation, which
occurs in some Brazilian states through specific and
local legislation: Amapd, Law No. 0066/09-AL,
Mato Grosso, Law No. 8464, and Sao Paulo, Law
No. 60582. One way to mitigate the impacts of
aquaculture in fish cages is through cultivating
pure native species, whose potential has been
discussed previously or using lineages of sterile fish.
However, further studies need to be conducted to
determine how to increase the competitiveness of
these native species in relation to the species with
the highest current production in Brazil, which is
Tilapia. It is important to highlight that the Tilapia
lineages used in Brazil are the result of intense
genetic improvement, while for the native species a
selection process for cultivation does not exist, but
wild individuals are randomly chosen. Additionally,
as discussed by Zaniboni-Filho (2010), the wide
natural distribution of several South American fish
species may have promoted distinct populations in
different regions or river basins, a condition that
allows variation in the zootechnical performance
of fish from different populations. This variation,
according to the author, serves as the basis for
genetic selection of the lineages to be produced
under aquaculture conditions.

The ecological processes commonly associated
with the introduction and invasion of species are
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related to predation and competition with native
species; however, the introduction of diseases, which
despite being subtle, is extremely serious (Britto &
Patrocinio, 2006). The cultivation of fish in cages
(both freshwater and sea species), for example, may
result in the introduction of allogeneic pathogenic
organisms and fish parasites (Frazer, 2009; Nowak,
2007). The introduction of non-native species into
a reservoir can result in extraordinary management
complications, alterations in the food chain,
interactions between species that result in the
irreversible dominance of the invasive species, and
as already discussed above, the introduction of
harmful organisms and parasites (Straskraba et al.,
1993; Frazer, 2009). An example occurred with the
parasite Bothriocephalus acheilognathi, introduced
together with grass carp (Ctenopharyngodon idella)
and detected in native fish species in Mexico
(Arredondo & Lozano, 2003; Cardia & Lovatelli,
2015), as well as the dispersal of Lernaea cyprinacea
in several countries due to the introduction of carp
for cultivation. Intensive cultivation also increases
the risk of disease occurrence, as well as promotes the
transfer of parasites to wild populations (Goldburg
& Naylor, 2005). Measures to prevent the spread
of diseases involve quarantine and strict sanitary
control in the settlement of fish cages, as well as
monitoring of the health of the cultivated fish.
For the aquaculture industry to maintain control
over or prevent the emergence of diseases, a strategy
is in development for vaccines and vaccination
strategies in fish. Recent biotechnological research
has aided in the clarification and control of the
pathogenic processes in fish, aiming to diagnose the
main diseases, identify virulence factors, characterize
isolated and develop vaccines. Although many
pathogens already have specific vaccines, such as
Streptococcus iniae (Klesius et al., 2000; Locke et al.,
2008; Jeong et al., 2016), and Aeromonas salmonicida
(Tatner, 1987), there are still several important
diseases, mainly of viral and parasitic origin, for
which there is no prophylactic treatment (Heppell
& Davis, 2000; Ringg et al., 2014).

Fish may be immunized by injection (usually
intraperitoneal), immersion (where animals are
immersed in an aqueous solution containing
the vaccine antigens), or by oral administration.
New technologies such as DNA vaccines have
shown promising results as effective strategies
to combat viral diseases in fish, protect against
multiple diseases in a single injection, and consider
the well-being of the animal (Tonheim et al.,
2008). The use of immunostimulants, adjutants
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and vaccine transporters in fish culture also offers
a wide range of appealing methods to induce and
strengthen protection against diseases, helping
to reduce losses caused by infectious diseases
(Anderson, 1992).

Additional caution should be exercised over the
extensive and continuous use of antibiotics, which
may lead to the emergence of resistant strains of
bacteria (Reinchenbach-Klinke, 1982), in addition
to causing environmental contamination with waste
disposal. Furthermore, the application of these
substances to fish grown in cages makes it difficult
to dispose of the medicine in an appropriate place.

Cage fish farming can also enhance interactions
between parasites and hosts. Ramos et al. (2014)
identified an increase in infections caused by
Austrodiplostomum compactum metacercariae in
Curvina P squamosissimus collected close to a
cage fish farm in the Chavantes reservoir in the
Paranapanema River (between the states of Sio
Paulo and Parand, Brazil), compared to individuals
from a control site. Accord to authors, the
presence of cage farm potentiated the infections
of metacercariae in Curvina eyes, probably due to
the organic enrichment of the sediment and water.
Although it does not compromise the size of the
fish, the increase in metacercariae in areas with cage
systems may increase the possibility of infection
in other fish species (Ramos et al., 2014), and can
result in serious environmental problems such as the
decline of wild populations (Frazer, 2009).

Additionally, the installation of fish cages in
reservoirs can also promote the proliferation of
the golden mussel L. forrunei, as discussed above.
The golden mussel is an important invasive species
of South America Rivers, with significant biotic and
abiotic changes. This mussel promotes innumerous
economic problems in water collection stations,
hydroelectric cooling systems, and fish cages
(Boltovskoy & Correa, 2015). Contamination of
the environment and dispersal of the golden mussel
can occur through the use of fish cages, water for
the transport of fish and even handling equipment
and contaminated boats. Proper cleaning of fish
cages, exposure to air and the use of chlorine to flush
structures can prevent the proliferation through the
structures.

6. Environmental Carrying Capacity

As with aquaculture, all food production
systems (agriculture or livestock production) have
an environmental impact. Thus, the most relevant
factor to evaluate is the ability of the environment

Acta Limnologica Brasiliensia, 2018, vol. 30, €302

to address this impact and prevent degradation
(Soto et al., 2013). One of the main challenges for
aquaculture in fish cages located in reservoirs is to
establish limits that guarantee multiple uses of water
and production successes over the long-term in a
sustainable way (Garcia et al., 2014).

What is often understood as carrying capacity
for aquaculture is the ability to produce a species
with a maximum yield, without affecting its growth
rates. However, this concept must also be related to
the natural resources available for the activity (food,
space), the dynamics of the ecosystem involved
(organic mineralization capacity and nutrient
cycling), financial resources and social and economic
effects (Duarte et al., 2003; Serpa & Duarte, 2008).

The classification of carrying capacity in
aquaculture can be defined as (Serpa & Duarte,
2008; Soto et al., 2013):

* Physical: total area of farms that can be
installed in a certain space, with appropriate
physical characteristics and that can sustain
the activity;

* Production: stocking density of organisms that
allows maximum yield;

* Ecological: storage density that can be
maintained in the environment without
causing damage;

¢ Economic: biomass amount that investors
wish to establish and maintain;

* Social: total activity that society can support
without negative social impacts or that the
community does not allow.

The carrying capacity of the environment can
be calculated with the aid of the GIS program
mentioned above in “2. Cage fish farming”. The use
of this program has grown in recent years, mainly
due to the evolution of information technology, the
proliferation of the number of available data and
increased demand (Meaden & Aguilar-Manjarrez,
2013).

According to Gunkel etal. (2015), some factors
can be considered for calculating the carrying
capacity limit, including the discharge rate and
reservoir flow, sedimentation rate, reservoir depth
and distance between the fish cage and bottom,
nutrients concentration (phosphorus and nitrogen)
and oxygen concentration. To reduce the damage
caused by excess nutrients released during farming,
in addition to the production of a feed ration with
greater stability and digestibility, settling devices for
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organic matter (feed, excreta) can be implanted just
below the tanks and collected by pumping (Serpa
& Duarte, 2008; Gunkel et al., 2015). Both the
use of more appropriate diets and the installation
of collectors raise production costs and tend to be
disregarded by the aquaculture production sector.
An alternative that could stimulate the application
of best management practices, such as these, is the
application of legislation that favors responsible
fish farming. Some countries have used a limit on
the increase in the concentration of nitrogen in
the fish cage culture environment at less than 1%
(Levings, 1994).

When a system operates at its carrying capacity,
the environment is susceptible to negative impacts
and a sanitary collapse (Garcia et al., 2013).
In Brazil, since the establishment of Interministerial
Normative Instruction No. 6/2004, which
establishes the maximum limit of 1% of the total
area of reservoirs for aquaculture, more than
40 aquaculture parks have already been installed
throughout Brazil. For fish cages, the stipulated
ratio for an area effectively occupied by fish farms
and total area is 1:8, and this spacing is estimated
as sufficient to dilute the organic load produced by
the production process (Brasil, 2004). However,
according to Garcia et al. (2014), who performed
an experiment with tilapia production in the
Ilha Solteira Reservoir (Parand River, Sio Paulo
/ Mato Grosso do Sul, Brazil), this ratio should
be 1:100. In addition, the authors suggest that
the storage density of the fish cages should be
reduced to 20 kg/m?®, equivalent to only 1/5 of
that currently used by producers in the region
(100 kg/m?). These are some changes that may
result in an improvement in all analyzed parameters,
indicating values that favor the sustainability of
this production system, without affecting the local
ecosystem and the environment. One example of
efficient improvement of fish production was the
use of periphyton-based for Tilapia O. niloticus
cage culture: bamboo substrate were placed in cages
and it was responsible to rise the production up to
52 kg/m?® (carrying capacity) of tilapia with 32%
less diet in a period 20% shorter when compared
with the treatment without the substrate addition
(Garcia et al., 2016). It is worth mentioning the
annual fluctuation of the water regime and the
temporal variation of the reservoir carrying capacity.
There are records in Brazil of production failure of
farmed fish in cages due to water stress, such as the
failure occurring at a fish farm in the municipality
that is the national leading municipality in the
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production of Tilapia (Jaguaribara, Ceard, Brazil).
In 2014, there was a water deficit that caused
a reduction of the water level in the Castanhiao
reservoir, causing the mortality of 3 thousand
tons of Tilapia (more than 20% of the annual
production of the municipality), resulting in
a decrease in dissolved oxygen concentration.
In addition to the direct damages of the activity,
this situation causes an environmental imbalance
and conflicts with the use of the water resource.
Since aquaculture is established as a global industry,
a better understanding of its environmental
assimilative capacity becomes a fundamental
requirement, as is the need to use technologies to
reduce its impacts (Black, 2008).

7. Potential of Oligotrophic Environments

In many countries, reservoirs are important
artificial ecosystems that form a significant
component of freshwater resources, as the pace
of demand for electricity and water supply is
growing. As complex systems, the main problems
for reservoirs relate to the need for integrated
management of their multiple uses (Henry &
Nogueira, 1999).

The reservoirs can be classified according to
their trophic state: oligotrophic, mesotrophic,
hypertrophic, dystrophic and calcitrophic
(Straskraba et al., 1993). The trophic status of a
reservoir may vary depending on the morphological
characteristics of each environment; eutrophic
regions, mainly in the upper part of the reservoirs,
and oligotrophic regions, generally situated in
stretches closer to the dam foot (Nogueira et al.,
20006). Although primary production in aquatic
habitats is based primarily on nitrogen (N) and
phosphorus (P) (Esteves, 1988), the trophic state of
an environment is not the same as its water quality
but is based on several criteria, such as the oxygen
curve, composition of substrate or phytoplankton
fauna species, concentration of nutrients and various
measures of biomass production (Catlson, 1977).
In this way, lakes and reservoirs may be considered
eutrophic by one criterion while being classified as
oligotrophic by another (Catlson, 1977).

Phosphorus, together with nitrogen, are the main
elements for the process of eutrophication of lakes
and reservoirs (Wetzel, 2001; Pillay, 2004), resulting
from excessive organic production inside a reservoir
due to the high input of nutrients (Straskraba et al.,
1993; Armantrout, 1998). This process can
result in algal blooms, toxic algae growth and
massive fish mortality (Canonico et al., 2005).
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The contribution of nutrients in a reservoir can
come from tributaries of the reservoir, neighboring
agricultural production, and aquaculture activities
within the reservoir (e.g., fish farming in cages) with
their constant input of nutrients, mainly N, P and
carbon (C) (Tacon & Forster, 2003).

Although the cultivation in fish cages is
responsible for a large contribution of nutrients and
is directly associated with processes of eutrophication
and environmental impacts, the activity is directly
associated with income generation and relevant
social importance in many regions of the world
(Straskraba et al., 1993). Price et al. (2015)
suggested that technological measures, such as feed
quality, which improve the absorption of nutrients
and generate less waste, can minimize the impacts of
fish culture in reservoirs. In experimental fish cages
in the Iraipu reservoir, Wolff-Bueno et al. (2008)
determined that the concentration of total P did
not change, basing this result on local biocenosis.
In the Nova Avanhandava reservoir (Tieté River, Sao
Paulo, Brazil), the reduced impact of fish production
in cages was associated with the action of local
organisms (Ramos et al., 2008).

Considering the impacts related to excess
nutrients, oligotrophic reservoirs may present as an
alternative. One of the main causes of poor reservoir
nutrient richness is the construction of dams
upstream, preventing the arrival of nutrients from
tributary rivers (Ney, 1996). In addition, variations
can be observed along the longitudinal axis of
reservoirs, with increased transparency and reduced
nutrient concentration, functioning as a substance
retention system (Ney, 1996; Nogueira et al., 2000).
However, although oligotrophic reservoirs are rarer
than eutrophic reservoirs (Kimmel & Groeger,
1986), these bodies of water are particularly
likely to undergo large and rapid reductions in
phosphorus concentrations and other nutrients
due to their dependence on the quality of the
water that comes into the reservoir (Ney, 1996).
If oligotrophic (nutrient poor) environments
are selected for fish cage facilities, the impacts of
aquaculture on the water column may be reduced
or minimal (Maldonado et al., 2005). In addition,
in oligotrophic environments, rapid dilution may
occur with high rates of nutrient recycling in
the food web (Machias et al., 2004; Pitta et al.,
2006). Considering these factors, the selection of
oligotrophic reservoirs for cage fish culture may be
an alternative to mitigate the impacts caused by the
development of this activity.
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Due to multiple uses of reservoirs and the
characteristics of each, the selection process for
these environments should be thoughtful and avoid
compromising cultivation and other uses. In Brazil,
the production of fish in cages, in addition to
being carried out in reservoirs, is very widespread
in areas around dams in the semi-arid region of the
Northeast. This is due to the action of the National
Department of Drought Works (DNOCS), which
began the construction of thousands of dams in
northeastern Brazil in 1931 because of the history
of severe droughts, resulting in more than 400 large
dams. In addition to providing domestic water
supply, animal watering, irrigation, fishing, and
recreation, these ponds are currently used for Tilapia
farming in cages, contributing to income generation
for poor rural communities (Dias, 2006). However,
these dams present characteristics and restrictions
for fish farming. According to local newspapers,
inversion of the water column, caused by strong
winds in June and July 2015 and 2016, resulted in
the mortality of farmed tilapia in the Olho D’4gua
dam in Vdrzea Alegre (Cear4, Brazil). The reduction
of the water level of the dam also led to massive
mortalities in the Castanhao reservoir (Jaguaribara,
Ceard, Brazil) (IBGE, 2017).

Problems associated with the extrapolation
of the carrying capacity of water bodies used for
farming fish in cages has also been observed in HPP
reservoirs, as is the case of the Itaparica reservoir
(Sdo Francisco River, Bahia, Brazil). A modeling
study developed by Gunkel et al. (2015) inside
the bay of Ic6-Mandantes revealed an overload of
nutrients due to excess phosphorus, resulting from
tilapia farming. Other problems associated with
fish culture in cages are related to the use of deep
reservoirs, with a reduction of the oxygen level in the
warmer months, a pH increase and redox potential
(Monteiro Janior, 2006). An intensive fish culture
system installed in a eutrophic environment further
increases nitrogen and phosphorus concentrations
in water and sediment, causing deterioration of
water quality, mass mortalities and an unfeasible
whole farming system (Ramos et al., 2010). High
concentrations of nutrients may occur due to
nutrient inputs from reservoir margins during
rainy periods, even in environments without
eutrophication problems (Ferrareze et al., 2005),
altering the quality of the water and compromising
farming performance, which emphasizes the need
for periodic monitoring of the water quality of
these systems.
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Another problem resulting from cage fish
farming is the accidental escape and the introduction
of exotic fish such as tilapia, which, as a species that
turns the bottom, tends to increase the turbidity of
the water (Attayde et al., 2007), and consequently
generate greater expenses for water treatment when
the water is intended for human consumption due
increases the phytoplankton and cyanobacteria
(Lazzaro et al., 2003). The impacts do not account
for the previously discussed negative effects on
competition and the interaction of the introduced
species with the native fish community.

8. Socioeconomic Impact of Hydroelectric
Dams: Fish Farms as an Alternative

The species of fish that suffer most from
modifications caused by the construction of
hydroelectric reservoirs are those that have greater
longevity and long-distance migratory behavior and
have the highest market value (Agostinho et al.,
1994). In the new environment formed by
the reservoir a proliferation of species with less
commercial value occurs and changes the available
fishing resources and dynamics of local river
fishermen (Hoeinghaus et al., 2009). Fisheries
resources are of extreme importance to local
populations in some regions of the world, not only
because of their economic value but also because
they play a key role in the livelihoods and food
security of various rural communities. Especially
in developing countries, freshwater fisheries are an
important source of animal protein and income for
local fishermen (Allan et al., 2005). In the Mekong
Basin (Asia), for example, where fishing is the main
source of animal protein, fishery resources are a
crucial source of income for every population living
around the basin (Baran & Myschowoda, 2009).

Hydroelectric dams can collapse populations of
migratory fish, blocking their migratory routes and
preventing access to their breeding and spawning
areas (Dudgeon, 2000). In highly fragmented basins,
such as the Parand River Basin, the modification
of environments resulting from river damming
caused a drastic change in the species, with the
replacement of fish with a high market value, for
example, Dourado, S. brasiliensis and Pintado,
P corruscans, by species with low commercial
value, such as Armado, Prerodoras granulosus, and
Corvina, P squamosissimus (Okada et al., 2005;
Hoeinghaus et al., 2009). In these specific cases,
where the fish species occurs after the formation
of reservoirs, aquaculture in fish cages can be an
income and protein alternative for the families of
fishermen. However, as cultivation using non-native
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species promotes a huge risk to native biodiversity
(Pelicice et al., 2014), it is recommended that native
species and/or sterilized exotic and hybrid fish
are used to minimize the impacts resulting from
accidental escapes.

9. Conclusions

Environmental conflicts related to fish farming
in cages in Brazilian reservoirs can be mitigated
by taking preventive measures and adopting best
management practices. Using native fish species
or sterilized non-native or hybrid fish can reduce
the environmental risks from accidental escapes.
Training personnel involved in preventive actions
against accidental escapes, such as the placement
of additional screens around the tanks during
handling, are actions that can minimize the escape of
fish into the environment. The implementation of a
continuous system of monitoring for the production
and surrounding areas is an important management
tool, preventing greater impacts and other uses
of the water body. The development and use of
balanced and specific feed rations (Bicudo et al.,
2012; Cyrino et al., 2012), associated with the
adoption of good food management practices
is fundamental to reduce the nutrient supply to
the environment. There is also an opportunity to
remove a portion of these nutrients through the
collection of the particulate material that empties
from the fish cages. The use of healthy fingerlings
raised in multitrophic farming systems are measures
that can reduce environmental impacts generated
by the activity. Felsing et al. (2005) observed that
wild fish population was responsible to consume
40 to 60% of the nutrients derived from cages
stocked with Rainbow Trout Oncorhynchus mykiss,
reducing environmental impacts, and concluded
that wild fauna should be considered into models
which predict the amount waste from cages fish
farming. Finally, the selection of suitable areas for
cultivation and evaluation of the environmental
carrying capacity, including the historical variation
of the water dynamics in the environment, are
measures that may improve fish farming in cages.
Thus, following careful safety measures and
management protocols, it is possible to mitigate
the environmental problems caused by the current
model of fish farming in Brazilian reservoirs.
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