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ABSTRACT

Macrobrachium rosenbergii (De Man, 1879) is a freshwater prawn from
Malaysia and in 1977 it was introduced in Brazil for development of
carciniculture. However, this species is currently found in various natural
environments in the Brazilian states. The present study aimed at conducting a
survey of M. rosenbergii sites in the natural environment, and shrimp farming
ponds using this species. To do so, a search was conducted in scientific articles
and databases on the occurrence of the species in Brazil. We found reports
in 80 different sites in Brazil. Macrobrachium rosenbergii was found in the
natural environment in eight states and 43 cities, with the largest amount of
reports being from the states of Para and Maranhao. In addition, we found
28 reportsin 13 states of shrimp farming ponds. Macrobrachium rosenbergii
was not reported in natural environments in the Center-West region (except
in state of Goids) and North region (except in state of Par). Moreover, we
found that most of the M. rosenbergii reports were in temperature equal to or
greater than 25 °C. Therefore, this species has expanded its area of occurrence
throughout various Brazilian states, and we believe that this expansion may
be greater than that reported in the current study.
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Biological invasions are one of the main global threats to native
biodiversity caused by humans (Walker and Stefen, 1997). Invasive species
can compete directly with native species, reducing their populations and
area of occurrence, and can lead to local extinction (Amaral et al., 2020).
They can also cause destructive habitat change, and thus be harmful to
nutrient cycling and the functioning of ecosystems (Masse et al., 2017).
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These invasive species are present in various
taxonomic groups and have distinct life strategies
such as rapid growth, early maturation, high fecundity,
high abundance among others (Sampaio and Valenti,
1996; Oliveira and Oliveira, 2019).

The number of non-native species in Brazil has
exceeded 500 taxa, represented mainly by land animals
(Coradin and Tortato, 2006). The principal vectors of
exotic species introductions in aquatic environments
are activities such as aquaculture, sport fishing, and
the aquarium trade (Vitule and Prodocimo, 2012;
Gubiani et al., 2018). These environments, especially
lakes, lagoons, and reservoirs, are highly vulnerable
to invasive species, mainly by crustaceans and fish
(Karatayev et al., 2015; Gubiani et al., 2018). Among
the non-native species cultivated in Brazil is the
crustacean Macrobrachium rosenbergii (De Man, 1879),
which has been introduced into at least 40 countries
(FAO-DIAS, 2020).

Macrobrachium rosenbergii, known as the giant
river prawn, which originated in Southeast Asia, has
alongevity of approximately 3 years, and has been one
of the most economically valued freshwater prawn
species for aquaculture (Mitra et al., 2005; Brown et
al., 2010) representing 3 % of total global crustacean
production in 2016 (FAQ, 2018). The giant river prawn
was introduced to Brazil in 1977 for cultivation ex-
periments at the Department of Oceanography of the
Federal University at Pernambuco, and as its cultiva-
tion improved, it has expanded to several Brazilian
states (Cavalcanti, 1998; Mathias, 2005). However,
due to the escape of specimens from these cultivation
areas, the species is found in natural environments in
some hydrographic basins in Brazil (Barros and Silva,
1997; Ibama, 1998) and has successfully colonized
some locations (Cintra et al., 2003).

This success in natural environments is related to
the high adaptivity of the species, which can survive in
awide range of salinity and temperature conditions due
to its osmoregulatory adaptive mechanism (Barman et
al.,2012). Therefore, the species has high tolerance and
can adapt to different habitats and compete for habitat
and food with native species such as Macrobrachium
amazonicum (Heller, 1862) (Silva-Oliveira et al.,
2011; Barbieri et al., 2016). These impacts still need
to be better evaluated, because in addition to direct
competition with native species, M. rosenbergii may
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carry pathogens, such as the white spot syndrome
virus (WSSV), which in 2005 was responsible for an
approximately 95 % decrease in Brazilian production
(Seiffert et al., 2005; Costa, 2010).

Therefore, it is necessary to know where the species
is found to allow development of management plans
for reducing its spread (Havel et al., 2015). In this
context, we raised these questions: (I) What are the
recorded locations of M. rosenbergii?; (1) In what
types of environment is the species found (confined
environments or free living)?; and (III) Is there a
relationship between temperature and the presence
of the species in Brazil?

To respond to the questions, we reviewed records
about M. rosenbergii in Brazil, considering the type of
occurrence, either in the natural environment or on
farms, and relate this data with local temperatures.
Research on the occurrence of M. rosenbergiiin Brazil
was conducted in databases of the Global Biodiversity
Information Facility — GBIF (http://gbif.org) and
the Horus Institute (http://bd.institutohorus.org.
br/www/). Research from scientific articles and
theses was also carried out on the Google Academics
platform, using the keywords: “Macrobrachium
rosenbergii AND Brasil OR Brazil”. From the articles
found, we extracted the sites of occurrence, purchase
of specimens, or sites of university experiments. In
addition, data on regional mean annual temperature
(1990-2010) were found on the WorldClim platform
(https://www.worldclim.org/).

The occurrence data were classified into three
categories: natural environment, when M. rosenbergii
occursin the environment; aquaculture, occurrence
in aquaculture farms; and experiments (experimental
cultivation). Subsequently, the frequency of the natural
environment category and all the categories grouped
by temperature classes, with intervals of 2 °C, was
determined. Finally, qui-frame tests were performed,
with a significance level of 0.05 (Zar, 2008), between
the occurrences (natural environment) at high
temperatures (equal or higher than 25 °C) and at
temperatures below 25 °C.

Eighty differentlocations were found, of which one
is registered in the GBIF platform, 30 in the Horus
Institute, and 49 in scientific papers and web sites
(Tab. S1).In the natural environment, M. rosenbergii
was found in 43 municipalities and eight states: Para,
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Maranhao, Piaui, Ceard, Sergipe, Sao Paulo, Rio de
Janeiro and Parand. In the cultivation sector there were
28 records distributed in 13 states: Ceard, Rio Grande
do Norte, Paraiba, Pernambuco, Alagoas, Sergipe,
Bahia, Goias, Espirito Santos, Rio de Janeiro, Sao
Paulo, Parang, and Santa Catarina. The experiments
were represented by 14 records, distributed in eight
states: Rio Grande do Norte, Paraiba, Pernambuco,
Rio de Janeiro, Minas Gerais, Sao Paulo, Parand and
Rio Grande do Sul (Fig. 1).

The state of Para has the highest number
of occurrences of M. rosenbergii in the natural

environment (18 cases). Sio Paulo with five cities
stands out for aquaculture, while for experimental
occurrences, Sio Paulo and Parani lead. The
occurrence of M. rosenbergii in Brazil by temperature
class, shows that they are grouped in the natural
environment in temperature classes equal to or
greater than 25 °C (Fig. 2). When comparing the
difference in the frequency of occurrence between
less than 25 °C and equal to or greater than 25 °C, we
observed a significant difference in categories grouped
(x*=4.34; p=0.048) and in the occurrence in natural
environment (x> = 32.36; p = 0.001).

Figure 1. Occurrences of Macrobrachium rosenbergii in Brazil by state and temperature (°C). AC - Acre; AL - Alagoas; AP - Amapé;
AM - Amazonas; BA - Bahia; CE - Ceard; DF - Distrito Federal; ES - Espirito Santo; GO - Goids; MA - Maranhio; MT - Mato
Grosso; MS - Mato Grosso do Sul; MG - Minas Gerais; PA - Pard; PB - Paraiba; PR - Parand; PE - Pernambuco; PI - Piaui; R] - Rio
de Janeiro; RN - Rio Grande do Norte; RS - Rio Grande do Sul; RO - Rondénia; RR - Roraima; SC - Santa Catarina; SP - Sao Paulo;

SE - Sergipe; TO - Tocantins.
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Aquaculture in general has generated some
negative impacts on the ambient environment, among
these are the escape of non-native species (Barbieri
et al., 2016; Coa et al., 2018; Gubiani et al., 2018).
The giant river prawn is therefore a classic example
of a species that has spread because of its popularity
in commercial aquaculture (Iketani et al., 2011). In
the same decade that it was brought to Brazil, the
occurrence of the species was registered in natural
watersheds (Barros and Silva, 1997; Ibama, 1998;
Cintra et al., 2003). Later, new occurrences indicated
that the species had spread rapidly, and was found in
the states of Maranhao, Cear4, Pernambuco, Rio de
Janeiro, Sdo Paulo and Santa Catarina (Barros and
Silva, 1997). Currently, 43 years after its introduction,
itis found in eight states in the natural environment
and 13 states under carciniculture. However, there is
evidence that the number of states with M. rosenbergii
farms is higher than we found (Marques and Moraes-
Valenti, 2012), which may imply more occurrencesin
the natural environment and a broader distribution
in Brazil, since its presence in these environments
comes from aquaculture (Cintra et al., 2003).

The distribution of M. rosenbergii is associated
with its capacity to adapt and establish itself in the
environment, and its invasion is faster when it finds
environmental characteristics similar to those at its
origin (Moyle and Marchetti, 2006). Silva-Oliveira
et al. (2011) reported that the region from Maranhao
to the mouth of the Orinoco River in Venezuela
has excellent characteristics for the species, when
estimating the success of the species’ colonization
and dispersal in Brazil, mirroring the successful
establishment of M. rosenbergii in Northern and
Northeastern Brazil. This corroborates the large
number of reports ofits occurrence that we found in the
states of Pard and Maranhao. Temperature contributes
to the development and growth of water microbiota,
and together with other physical and chemical factors
of water, act directly on the composition and presence
of necessary microorganisms (Silva et al., 2009). The
giantriver prawn hasits highest growth at temperatures
between 24 and 31 °C, with the optimal range being
28 to 30 °C (Valenti and New, 2000; New, 2002).
Moreover, temperature also influences reproduction,
since it is correlated with rainfall, thermal variations
and photoperiod variation, which strongly influence
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the spawning period of M. rosenbergii (Pinheiro et al.,
1998). This information corroborates the findings
of this study, in which we observed that the species
prefers regions with temperatures higher than 25 °C

(Fig. 2).

Figure 2. Frequency of Macrobrachium rosenbergii occurrences
in Brazil by temperature class.

Salinity s also an essential factor for reproduction
since most species of the genus Macrobrachium Spence
Bate, 1868 need salinity gradient concentrations to
complete their life cycle at each ontogenetic stage
(Pinheiro et al., 1998; Ammar et al. 2001). Cintra et al.
(2003) and Iketani et al. (2016) registered ovigerous
females of M. rosenbergii in natural environments
in their studies in Pard, indicating that the species
is established in the environment, and is able to
complete its reproduction cycle. Therefore, the
higher occurrence of the species in coastal regions
is explained by its need for these brackish and
high temperature waters for reproduction. These
characteristics facilitate the successful colonization of
M. rosenbergii (Silva et al., 2009; Silva-Oliveira et al.,
2011), and this is probably the reason we found more
reports of its occurrence closer to the coast, due to
the species’ need for salinity and high temperatures.

Under these circumstances, we can conclude
that the species M. rosenbergii currently presents
a wide distribution in several states and regions of
Brazil and historical records point to aquaculture
as a form of dispersal of the species between states.
Aquaculture maintenance and monitoring failures
have probably caused escape and introduction into the
natural environment. The species has found favorable
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environments similar to its original environment
and the data show it has adapted very well in Pard
and Maranhao states due to high temperatures
and probably because the introduction site is close
to estuaries that have high salinity, allowing the
species to complete its life cycle. The occurrence of
M. rosenbergii in Brazil, mainly in natural habitats
requires attention. This analysis suggests that studies
of environmental monitoring and faunisticimpact be
conducted to understand the current situation of this
introduction, and contribute to actions to control and
prevent new escapes.
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SUPPLEMENTARY MATERIAL

Table S1. Record of Macrobrachium rosenbergii in Brazil by
classification and location. States: AL - Alagoas; BA - Bahia; CE
- Ceard; ES - Espirito Santo; GO - Goids; MA - Maranhdo; MG
- Minas Gerais; PA - Para; PB - Paraiba; PE - Pernambuco; PI -
Piaui; PR - Parang; R] - Rio de Janeiro; RN - Rio.
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