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Abstract: World aquaculture has been growing sharply in recent decades and Brazilian production 
of fish in cages has grown considerably since the end of the 1990s. This increase is related to 
the development of federal government regulations and the large number of medium and large 
hydroelectric reservoirs. The main areas of fish production in cages in Brazil are currently located in 
the Northeast and Southeast regions and along the Southeast/South border. Tilapia production in 
cages in Brazil, as well as other species produced in cages in other regions of the world, has economic 
advantages for the producer. On the other hand, limnologically, tilapia production in cages causes 
enormous damage, as it promotes the process of artificial eutrophication and, possibly, introduces this 
exotic species. One way of reducing artificial eutrophication is the use of Integrated Multi-trophic 
Aquaculture (IMTA); however, its use in fish cages installed in Brazilian reservoirs is not possible yet. 
Therefore, our view is that government agencies restrict the production of fish in cages to the utmost. 

Keywords: tilapia production; Brazilian reservoirs; limnological negative impacts; artificial 
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Resumo: A aquicultura mundial vem crescendo acentuadamente nas últimas décadas e no Brasil a 
produção de peixes em tanques-rede teve grande crescimento a partir do final dos anos 90. O aumento 
da produção de peixes em tanques-rede está relacionado ao desenvolvimento de normativas pelo 
Governo Federal e à grande quantidade de reservatórios de médio e grande porte para a geração de 
energia elétrica. Atualmente, os principais polos de produção de peixes em tanques rede no Brasil 
estão localizados nas regiões nordeste, sudeste e no limite da região sudeste e sul. A criação de Tilápia 
em tanques-rede no Brasil, assim como outras espécies em outras regiões do mundo, tem vantagens 
econômicas para o produtor. Por outro lado, quanto ao aspecto limnológico, o cultivo de Tilápia 
em tanques-rede traz enormes prejuízos promovendo o processo de eutrofização artificial, além da 
possibilidade de introdução dessa espécie exótica. Uma maneira de reduzir a eutrofização artificial 
é a utilização de sistemas multitróficos (Integrated multi-trophic aquaculture - IMTA), no entanto, 
nos tanques-rede instalados em reservatórios brasileiros a utilização de IMTA ainda não é possível. 
Portanto, nossa opinião é a de que os órgãos governamentais restrinjam ao máximo a aquicultura 
em tanques-rede. 

Palavras-chave: produção de tilápias; reservatórios brasileiros; impactos limnológicos negativos; 
eutrofização artificial; boas práticas de manejo.
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(Castanhão, Orós and Sítios Novos) located in 
the state of Ceará (Sussel, 2011). In the Southeast 
region, the largest center is located in the state 
of São Paulo, especially in the northwestern part 
of the state, in reservoirs of the Paraná, Grande 
and lower Tietê Rivers (Sussel, 2011). Along the 
Southeast/South border, cultivation takes place 
in the reservoirs of the Paranapanema River 
(Ayroza et al., 2013).

Although several native species from Brazil 
are produced in cages, such as jundiá (Rhamdia 
quelen), pacu (Piaractus mesopotamicus) and 
curimbatá (Prochilodus lineatus), the most cultivated 
species is tilapia (Oreochromis niloticus) an exotic 
species from Africa that began to be commercially 
produced in Brazil in the 1980s in earthen 
ponds. Tilapia production in Brazil in 2018 was 
400,228 tons, which corresponds to 55.4% of the 
total fish produced and was 11.9% higher than the 
previous year (PeixeBR, 2019). This production 
is concentrated in the states of Santa Catarina, 
Paraná, São Paulo, Minas Gerais and Bahia, but the 
production of tilapia in cages is higher in the states 
of São Paulo and Bahia. The states of Tocantins 
and Mato Grosso authorized the production of 
tilapia in cages in 2018. On the other hand, the 
production of native species decreased by 4.7% 
and is concentrated in the states of Acre, Rondônia, 
Pará, Maranhão and Mato Grosso (PeixeBR, 2019).

The expressive production of tilapia and the 
growth of production in cage occurs due to its 
technological production package being well 
developed and also due to its good acceptance in the 
national and international consumer market. Thus, 
the production of tilapia in cages in Brazil has better 
economic advantages for the producer. The same is 
true as regards other caged species in other regions 
of the world. The production of fish in cages is more 
economically viable for some species of marine fish 
and can also be more profitable (Beveridge, 2004).

3. Limnological Perspective

The production of fish in cages, on the other 
hand, causes enormous limnological damage, as it is 
an intensive production system, using high stocking 
densities and demanding a high amount of feed. 
Therefore, fish feed, feces and excretes are released 
into the water and partly deposited in the sediment. 
Montanhini Neto & Ostrensky (2015) based on 
a bibliographic survey, estimated that for each 
ton of tilapia produced, approximately 1,043 kg 
of organic matter, 44.95 kg of N and 14.26 kg 
of P are released into the aquatic environment. 

1. Aquaculture Production

Aquaculture has increased markedly in recent 
decades, while the capture of aquatic organisms 
has stabilized since about the early 1990s. In 2016, 
world capture of aquatic organisms was 90.9 million 
tons and world aquaculture production 80.0 million 
tons (FAO, 2018). The production of aquatic 
organisms can be carried out using different 
species in different systems and types of aquatic 
environments. Among the production systems, fish 
cages have been used on a global scale (Ramos et al., 
2014; Keeley et al., 2014; Cai et al., 2016; Urbina, 
2016; Tomassetti et al., 2016; Adhikari et al., 
2017; Salvo et al., 2017) and with different fish 
species (Mallasen et al., 2012; Urbina, 2016; 
Milne et al., 2017; Srithongouthai & Tada, 2017). 
This technology has been deployed in natural 
(Degefu et al., 2011; Price et al., 2015; White et al., 
2017) and artificial (Nyanti et al., 2012; Montanhini 
Neto et al., 2017) aquatic environments.

2. Production of Fish in Cages in Brazil

In Brazil, the production of fish in cages began 
in the 1980s mainly in the state of São Paulo 
(Ayroza et al., 2006). However, the great growth 
of this activity in reservoirs only occurred in the 
late 1990s. This was due to technological advances 
and the fall in fish production in earthen ponds 
because of structural aspects of the production 
chain (Ayroza et al., 2006). In 1999, some regions 
of the state of São Paulo had about 500 fish cages 
installed in 25 properties (Kubo, 2005). At the 
beginning of the 2000s, about 30 aquaculture areas 
were installed only in the region of the middle 
Paranapanema River, with a total of 800 fish 
cages and an average tilapia production between 
100 and 200 kg.m-3 per cycle (Ayroza et al., 2006). 
Production of fish in cages increased in this period 
right after the federal government established 
regulatory standards regarding the use of public 
waters for aquaculture (Brasil, 2003, 2004, 2005a, 
b, 2009). The large number of medium and large 
hydroelectric reservoirs in Brazil (Perbiche-Neves & 
Camargo, 2018) also contributed to its expansion. 
The installation of net cages is feasible in more than 
250 hydroelectric reservoirs (Araújo et al., 2017).

The main areas that produce fish in cages in 
Brazil are currently located in the Northeast and 
Southeast regions and along the Southeast/South 
border. In the Northeast region, production has 
been carried out in reservoirs of the São Francisco 
River (state of Bahia) and in the large reservoirs 
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Moura et al. (2014) observed a sedimentation rate 
of particulate material 18.5 times higher in areas 
with cages compared to the sedimentation rate of 
an area without a cage. In addition to local impacts, 
changes can occur in areas far from the cages. A 
study developed in a branch of the Ilha Solteira 
reservoir (northwestern part of the state of São 
Paulo) showed that the production of tilapia in cages 
can increase the concentrations of total nitrogen and 
total phosphorus in water up to 800 m away from 
the center of the farm (Amorim, 2018). Studies on 
the impacts caused by the cultivation of fish in cages 
in Brazil are restricted to tilapia farming and were 
mostly developed in the State of São Paulo, however, 
they serve as a warning for the use of this farming 
technique in other regions and for other species 
of fish. The increase in sedimentation of organic 
matter and the concentration of nutrients, also 
occurs in the cultivation in cages of marine species 
in different parts of the world (see Morata et al., 
2015; Srithongouthai & Tada., 2017; Lima et al., 
2019). Therefore, what causes impact and promotes 
artificial eutrophication is the management and the 
system used.

In addition to causing eutrophication, the 
escape of animals is another problem related to 
the production of fish in cages. The production of 
exotic species is especially disturbing and it conflicts 
with the Aichi Biodiversity Targets, of which Brazil 
is a signatory. This is astonishing because it is a 
country with extraordinary aquatic biodiversity 
(Lima Junior et al., 2018). It is also important 
to highlight that the creation of fish in net cages 
is a source of changes in the fish community in 
neotropical reservoirs. In fact, Nobile et al. (2018) 
demonstrated that the presence of net cages 
increases the abundance and biomass of a few species 
that contribute to decrease richness and diversity.

The problem of introducing exotic species can 
be solved by raising native fish, but it does not 
solve the problems of eutrophication and alteration 
of the fish community. An alternative to reduce 
eutrophication caused by fish farming in net cages 
is the use of Integrated multi-trophic aquaculture 
(IMTA). IMTA combines two or more species with 
different trophic levels and positions in the water 
column in a single system (Chopin & Robinson, 
2004). Usually on these systems, two species of 
fish may be used inside the cages (e.g. herbivorous 
and detritivorous). The detritivorous species feeds 
on the leftover feed and feces of the herbivorous 
species. Species of filter-feeding mollusks that feed 
on fine particulate matter can be produced near 

fish cages. Substrates colonized by algae can also 
be installed near fish cages to remove inorganic 
nutrients (see Chopin et al., 2008).

However, IMTA cannot be used in fish cages 
installed in Brazilian reservoirs for technical reasons, 
for example, since there is no commercial freshwater 
mollusks species with established culture technology. 
In addition, floating aquatic macrophytes can 
be used to efficiently treat aquaculture effluents 
in earthen ponds (Santos & Camargo, 2015; 
Osti et al., 2018), removing the nutrients in the 
surface portion of the water column, however, 
probably they will not efficiently remove nutrients 
produced by net cages that have been installed 
a minimum deep of 2.0 meters approximately. 
We emphasize that polycultures in Brazil, using 
species with different feeding habits, are only used 
in earthen ponds with the same concepts of IMTA 
systems. Thus, several studies have shown that 
polyculture systems in earthen ponds can make 
economic, productive and environmental benefits 
(David et al., 2017; Rodrigues et al., 2019a, b).

We are also apprehensive as regards the priority 
that different countries give to environmental 
conservation and the exploitation of natural 
resources for food production. While rich European 
countries restrict the production of aquatic organisms 
because they prioritize environmental conservation, 
poor countries like Brazil prioritize production. 
In Brazil, resolutions of the National Environmental 
Council (Conselho Nacional do Meio Ambiente) 
(CONAMA) deal with the environmental licensing 
of aquaculture and establish that freshwater activity 
can only be carried out in class II water. The upper 
limit of total phosphorus for class II is 30 μg.L-1, 
according to CONAMA Resolution 357. However, 
CONAMA Resolution 413, which lays down 
aquaculture licensing standards, has no information 
on the procedure to be adopted if the phosphorus 
concentration exceeds the class II limit. Thus, if fish 
breeding in a licensed area promotes an increase in 
total phosphorus beyond the class II limit, no action 
will be taken and the eutrophication will increase 
in the environment without any consequences to 
the fish producers. In addition, Brazilian law has 
not established a detailed water quality monitoring 
plan (including frequency of water sampling) and 
does not encourage environmental awareness in 
fish producers. On the other hand, rich nations 
can reduce food production to conserve the 
environment by increasing imports and shifting 
environmental impact to countries with limited 
environmental controls. The United States, for 
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example, is the largest importer of tilapia produced 
in Brazil. In 2018, more than 700 tons of tilapia were 
exported to this country (PeixeBr, 2019). World 
aquaculture growth is a reality and, on one level, it 
is very positive, as it supplies a demand for highly 
nutritional food and preserves fish stocks. However, 
this growth causes negative impacts on aquatic 
ecosystems, promoting artificial eutrophication 
and the possibility of exotic species introduction. 
Practices that reduce negative impacts (good 
management) should be rigorously implemented 
(several techniques are available) (see Henares et al., 
2019), but only in fish production in earthen ponds, 
because freshwater cages still have many limitations. 
Our opinion, therefore, is that government agencies 
encourage aquaculture in earthen ponds and restrict 
it to the utmost in fish cages.
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