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ABSTRACT

Exotic and invasive species are considered the second major cause of biodiversity loss in the world.
In addition to damage to native biodiversity, impacts caused by exotic species can affect ecosystem services
and socioeconomic activities. The Patos-Mirim lagoon system (PMLS) has great ecological importance and
supports important socioeconomic activities in southern Brazil. This study aimed to compile historical records
of the occurrence of exotic aquatic species in PMLS and to synthesize this bioecological information, means of
introduction of such species, main impact mechanisms, and undertaken management measures. The data were
obtained by a bibliographical review using the official list of Invasive Exotic Species of the Rio Grande do Sul
State, the National Base of Invasive Exotic Species (Horus Institute), and scientific information. We found records
of 26 exotic aquatic species in the PMLS. Actinopterygii was the most representative (11 species), followed by
Hydrozoa (three), Malacostraca (two) and Bivalvia (two), and other eight classes with only one species each.
In total, nine species that had been registered in the study area were ignored by the official list of exotic species
for the region. The main ways of introduction were associated with socioeconomic activities, such navigation and
aquaculture. The main impact mechanisms of exotic aquatic species refer to competition (85% of species) and
habitat modification (46% of species). Despite the undertaken management measures, occurrence of exotic
aquatic species is growing and may seriously threaten native biodiversity and its ecosystem services.
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INTRODUCTION

According to the International Convention
on Biological Diversity at the 6th Conference
of the Parties (CBD, 2002), introduced, exotic,

seeds, eggs, or propagules of such species
that might survive and subsequently reproduce.
An invasive species configures an exotic species
that has established itself, is dispersing beyond
the place in which it was introduced, has become

non-native, non-indigenous, and alien species
have the same biological meaning. Alien species
refers to a species, subspecies, or lower taxon that
has been introduced outside its natural past or
current distribution; including any part, gametes,
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abundant, and produces impacts either on the
environment or on native biodiversity (Kolar and
Lodge, 2001; Ledo et al., 2011).

In Brazil, the Ministry of the Environment
classifies exotic species into (a) contained,
when their presence occurs in a controlled artificial
environment that is totally or partially isolated
from the environment; (b) Detected in the natural
environment, when its presence is detected in the
natural environment but without a subsequent
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increase in its abundance and/or dispersal;
(c) Established, when the species has been
detected on a recurring basis, with a complete life
cycle in the wild and signs of population increase,
but no impacts; and (d) Invasive, when the species
has actually established itself, is abundant
and geographically dispersed, and impacts the
reproductive capacity of native species (Lopes
et al., 2009).

The increase in exotic and invasive species
outside their natural distribution gives rise to
biological invasion processes (Zalba and Ziller,
2007), significantly threatening native biodiversity
(Arndt et al.,, 2018). According to Andersen
et al. (2004), the process of biological invasion
can be divided into four phases: (1) arrival;
(2) establishment; (3) propagation; and (4) impact.
The first phase is characterized by the arrival
of one or more individuals of the exotic species
in a new environment, also known as the first
record of occurrence. In the establishment
phase, the exotic species manages to form
a new, well-structured population, increasing
its abundance and avoiding local extinction.
The propagation phase is characterized by the
dispersal of the exotic species from its initial area,
culminating in the colonization of new habitats.
Finally, the impact phase, when the established
population starts to negatively impact native
biodiversity and the environment.

Exotic species are considered the second
cause of biodiversity loss worldwide (Matthews,
2005). Negative impacts on native biodiversity
are caused because invasive exotic species
may have advantages over native species (e.g.,
absence of natural predators in the new habitat,
a wider diet, faster reproduction, earlier maturity,
higher fecundity, higher dispersal capacity,
wider physiological tolerance, and faster growth)
(Kolar, 2004; Kolar and Lodge, 2002). These
species are known for their ability to influence
processes and interactions in ecosystems (e.g.,
predation and competition for resources such
as food, space, and breeding grounds) (Latini
et al., 2016; Ledo et al., 2011; Welcomme, 1988),
including the “invasional meltdown,” in which
invasive species pave the way for invasions by
other species (Havel et al., 2015). In addition
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to negatively affecting biodiversity and natural
genetic heritage, their impacts on the environment
can compromise human health (Lopes et al.,
2009), the provision of ecosystem services,
and socioeconomic activities (Santos and
Calafate, 2018).

In recent years, many studies have recorded
and documented an increase in the number of
exotic species in aquatic environments (e.g.,
Bertaco and Azevedo, 2023; Cota, 2007; Sampaio
and Schmidt, 2013; Teixeira and Creed, 2020;
and Troca et al., 2012). In Brazil, the introduction
of exotic species began in the late 19" and
early 20™ centuries, in which the first Asian carp
Cyprinus carpio (Linnaeus, 1758) was intentionally
introduced from North America (Nomura, 1977;
Welcomme, 1988). Currently, 543 invasive
exotic species have been registered in Brazil,
including those that affect ecosystems (marine
and continental waters), health, and production
systems (agriculture, livestock, and forestry)
(MMA, 2024). The best-known exotic aquatic
species include the sun coral Tubastraea spp—
introduced in the late 1980s via oil and gas
platforms in Rio de Janeiro state (Barros and
Pompei, 2015); the giant snail Achatina fulica
(Férussac, 1821)—introduced due to human
activities (e.g., agricultural transportation, illegal
trade) in Parana State in 1988 (Colley and Fischer,
2009; Teles and Fontes, 2002); and the golden
mussel Limnoperna fortunei (Dunker, 1857)—
introduced from Argentina, arriving in Brazil in
1999 (Mansur et al., 1999). In Rio Grande do
Sul State, the first records of exotic species in
freshwater occurred in 1965, with specimens of
the sea bass Micropterus salmoides (Lacépéde,
1802) (Bertaco and Azevedo, 2023). In the
following vyears, other exotic species were
recorded, such as the carp C. carpio (Boulenger,
1897) and Coptodon rendalli (Bertaco and
Azevedo, 2023) in 1968.

The main means of introducing exotic aquatic
species (EAS) are linked to maritime and fluvial
socio-economic activities such as transportation,
ballast water, the construction of navigation
channels, biofouling in transportation structures,
aquariums, and aquaculture (Tavares and
Mendonga Jr., 2004). Coastal areas are particularly
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susceptible, especially in areas occupied by large
port developments (Stanski et al., 2022).

The Patos-Mirim lagoon system (PMLS) is
located in southern Brazil and extends as far
south as Uruguay. It is considered the most
important hydrographic basin in southern Brazil
and comprises the largest lagoon area on the
South American continent (201,626 km?) that is
connected to the Atlantic Ocean (Oliveira and
Griep, 2005; Seeliger and Odebrecht, 1998).
This region has a great variability of natural
habitats such as flooded fields, marshes, lakes,
rivers, estuaries and the adjacent marine coast,
which provides favorable conditions for the
development and support of a great biodiversity
(Seeliger and Kjerfve, 2001) and the provision
of ecosystem services (Lemos et al., 2022).
The region has great primary production and
represents a nursery site for countless marine
species that support important fishing activities
for the local economy (Garcia et al., 2001;
Haimovici and Cardoso 2017; Mai and Possamai,
2022; Vieira and Castello, 1996). In addition to
fishing and providing fresh water for human and
agricultural supply, the region stands out from a
socioeconomic point of view due to the Port of Rio
Grande, considered one of the most important
marine ports in Brazil (Antonio et al.,, 2020).
Moreover, the PMLS provides inland international
navigation between Uruguay and Brazil through
the Mirim Lagoon (Pedreira et al., 2022).

Due to its importance, this system has been
the focus of ecological and environmental studies
since the 1970s (Lemos et al., 2022; Odebrecht
et al., 2017). The Brazilian Long-Term Ecological
Research program in the Patos Lagoon Estuary
and Adjacent Marine Coast (PELD-ELPA in
Portuguese) has monitored this ecosystem since
the early 1990s (Lemos et al., 2022). Since then,
the dynamics and functionality of this system have
been object of study, but so far, information on
EAS in this region remains scarce in the literature.
Considering the importance of early detection
of exotic species in the environment (MMA,
2024), this study aimed to review the records of
occurrence of EAS in the Patos Lagoon estuary,
the Sdo Gongalo channel, the northern portion of
Mirim Lagoon, and the adjacent marine coast.
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METHODS

STUDY AREA

The PMLS is located in southern Brazil (30° and
32° S latitude and 50° and 52° W longitude) (Figure
1) and one of the most important water systems in
Brazil (Marques, 2005). The PMLS drains an area
of ~ 200,000 km? (Marques et al., 2006). Patos
Lagoon has a surface area of 10,227 km? and is
classified as the largest choked lagoon (sensu
Kjerfve, 1986) in the world (Seeliger and Odebrech,
1998). This lagoon has an extensive estuarine
region (971 km?) that connects to the Mirim Lagoon
through the Sao Gongalo channel (Fernandes,
2021; Asmus, 1998). Also, the estuarine zone of
Patos Lagoon has a connection with the Atlantic
Ocean via a 20-km-long and 0.5-3-km-wide
channel through a pair of rock jetties built at the
beginning of the 20" century to help stabilize the
navigation channel that accesses the Port of Rio
Grande (Asmus, 1998). The mean surface area of
Mirim Lagoon is approximately 3,749 km? (185 km
long and 20 km wide). Its catchment basin includes
almost 55,000 km? (47% in Brazil, 53% in Uruguay).
In the past, Patos Lagoon brackish waters could
reach Mirim Lagoon through the S&o Gongalo
channel, damaging inundated rice crops in the
region. To avoid salt penetration upstream, a dam
was built across the channel in 1977 to block the
entrance of brackish waters into the Mirim Lagoon
but which still allowed surface fluxes and navigation
(Hirata et al., 2010). The adjacent marine coast of
the PMLS is a sandy, intermediate to dissipative
beach with a length of 220 km, making it one of the
longest marine coastlines in the world (Odebrecht
et al.,, 2010a). The adjacent marine coast has
a gentle slope and wide continental shelf and is
greatly influenced by the outflow of water from
Patos Lagoon and La Plata River, which positively
influences the high phytoplankton biomass in the
region (Ciotti et al., 1995).

The system is characterized by a low
astronomical tidal range (40 cm) (Garcia,
1988) and by a salinity variation that is strongly
influenced by rainfall and wind action (Costa et al.,
1988). The region is also strongly influenced by
the El Nifio Southern Oscillation (Odebrecht et al.,
2010b). The El Nifio and La Nifa phenomena
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directly influence the precipitation regime in South
America (Ropelewski and Halpert 1987; Grimm
etal., 2000), and, consequently, influence the water
regime of the Patos Lagoon (Garcia 1998; Grimm
et al., 2000). Hydrological changes associated
with the El Nifilo Southern Oscillation, especially
its warm phase (E/ Nifio), are related to various
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impacts on species composition and abundance
in the biota at different trophic levels in the Patos
Lagoon estuary, such as primary producers
(Lanari and Copertino, 2017; Odebrecht et al.,
2015), zooplankton (Teixeira-Amaral et al., 2017),
decapod crustaceans (Pereira and D’incao, 2012),
and fish (Garcia et al., 2001).

Figure 1. Map of the study area: Patos-Mirim Lagoon System (PMLS). Southern portion
of the Patos Lagoon, including the (1) northern Mirim Lagoon, (2) Sado Gongalo channel,
(3) Patos Lagoon estuary and (4) adjacent marine coast.

DATA COMPILATION

Initially, a basic list of possible EAS in the
study area was compiled by searching the official
list of Invasive Exotic Species of the Rio Grande
do Sul State, published by the Government
Environmental Agency (SEMA, 2013) and the
National Database of Invasive Exotic Species
(Horus Institute). The bibliographic survey was
carried out on the ISI Web of Science, Google
Scholar, and SciELO databases, which provide
a multitude of academic studies (undergraduate,
master’s, and doctoral theses; dissertations;

and monographs) and publications in national
and international journals. In addition to consulting
official sources and reviewing the scientific
literature, researchers from the Federal University
of Rio Grande were consulted.

RESULTS

WHO ARE THEY AND WHERE DID THEY
COME FROM?

Intotal, 26 EAS (two kingdoms, seven phyla,
and 12 classes) were found in the study area,
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which comprises the Patos Lagoon estuary,
the northern portion of Mirim Lagoon,
the Sdo Gongalo channel, and the adjacent
marine coast. The class Actinopterygii was the
most representative with 11 species, followed
by phylum Cnidaria (class Hydrozoa) with
three species, the phylum Arthropoda (class
Malacostraca), and the phylum Mollusca
(class Bivalvia) with two species each. The
other groups were represented by only one
species each (Table 1). A table with taxonomic
details and the first record of occurrence in
the study area is included as supplementary
material to this article. Regarding reproductive
biology, 19 species had exclusively sexual
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reproduction, whereas another six had both
sexual and asexual reproduction. The mode
of reproduction of Membraniporopsis tubigera
(Osburn, 1940) remains unknown. Regarding
feeding habits, EAS in PMLS were carnivorous
(15 species, including zooplanktivorous,
insectivores, and piscivores), omnivorous
(six species), and herbivores (three species).
In total, two species were autotrophic,
representing the chromista kingdom:
(Alexandrium tamarense (Lebour) Balech,
1995) and Coscinodiscus wailesii (Gran and
Angst, 1931). Each feeding habit uses different
feeding strategies, such as opportunist and
generalist species.

Table 1. Aquatic exotic species recorded as occurring in the southern portion of the Patos Lagoon, including the Patos Lagoon
estuary, Sdo Gongalo channel, northern Mirim Lagoon and adjacent marine coast.

Taxonomic classification

Vernacular name Reference and occurrence

KINGDON CHROMISTA
PHYLUM BACILLARIOPHYTA
Coscinodiscophyceae
Coscinodiscales

Coscinodiscaceae
Coscinodiscus wailesii (Gran & Angst, 1931)

PHYLUM MYZOZOA
Dinophyceae
Gonyaulacales

Ostreopsidaceae
Alexandrium tamarense (Balech, 1995)

KINGDON ANIMALIA
PHYLUM ARTHOPODA
Hexanauplia

Calanoida

Temoridae
Temora turbinata (Dana, 1849)

Malacostraca
Decapoda

Panopeidae

(Odebrecht et al. 2020)

Diatom (32°01S, 52°06'W)

(Odebrecht et al. 1997)

Dinoflagellate (32°11'S, 52°08'W)*

(Muxagata & Gloeden, 1995)

Copepod (32°08'S, 52°06'W)

[continued]
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Taxonomic classification Vernacular name Reference and occurrence

(D’incao & Martins, 1998)
(31°57°S, 52°05’'W)*

Rhithropanopeus harrisii (Gould, 1841) Crab

Malacostraca
Decapoda
Peaeidae

Metapenaeus monocerus (Fabricius, 1798) Tiger shrimp 223'?;:% 15%92)7\/\/)
Maxillopoda

Sessilia

Balanidae

Megabalanus coccopoma (Darwin, 1854) Barnacle g‘Q’E (?9981 %?%zw)*
PHYLUM BRYOZOA

Gymnolaemata

Cheilostomata

Sinoflustridae

Membraniporopsis tubigera (Osburn, 1940) Bryozoan E.‘?;F‘)IZ?S?tSaZI; 128:/8))
PHYLUM CNIDARIA

Hydrozoa

Anthoathecata

Hydractiniidae

(Teixeira Amaral et al. 2017)

Cnidostoma fallax Vanhoffen, 1911 Hydromedusa (32°08'S, 52°06'W)
Moerisiidae

P , . ! (Teixeira Amaral et al. 2021)
Moerisia inkermanica Paltschikoma-Ostroumawa, 1925 Hydromedusa (32°08'S, 52°06'W)
Leptothecata

Blackfordiidae

Blackfordia virginica Mayer, 1910 Hydromedusa g;ifgggggoaorg!ﬁ)al' 2017)
PHYLUM MOLLUSCA

Bivalvia

Mytiloida

Mytilidae

i . (Capitoli & Bemvenuti, 2005)
Limnoperna fortunei (Dunker, 1857) Golden mussel (31°56°S, 52°23'W)*
Veneroida

Corbiculidae

. . . (Mansur et al. 1988)
Corbicula fluminea (O.F. Muler, 1774) Asian clam (32°29'S, 52°35'W)*
Gastropoda

Neogastropoda

Muricidae

[continued]
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Taxonomic classification Vernacular name Reference and occurrence

Rapana venosa (Valenciennes, 1846)

PHYLUM CHORDATA
Actinopterygii
Acipenseriformes
Acipenseridae

Acipenser gueldenstaedtii (Von Brandt & Ratzeburg, 1833)

Characiformes
Acestrorhynchidae

Acestrorhynchus pantaneiro (Menezes, 1992)
Serrasalmidae
Pygocentrus nattereri Kner, 1858

Cypriniformes
Cyprinidae

Ctenopharyngodon idella (Valenciennes, 1844)
Cyprinus carpio (Linnaeus, 1758)
Hypophthalmichthys nobilis (Richardson, 1845)

H. molitrix (Valenciennes, 1844)

Perciformes

Sciaenidae
Pachyurus bonariensis (Steindachner, 1876)

Salmoniformes

Salmonidae

Oncorhynchus tshawytscha (Walbaum, 1792)
Siluriformes

Auchenipteridae

Trachelyopterus lucenai (Bertoletti, Pezzi da Silva &
Pereira, 1995)

Ictaluridae

Ictalurus punctatus (Rafinesque, 1818)
Amphibia

Anura

Ranidae

Aquarana catesbeiana (Shaw, 1802)

Reptilia
Testudines

Emydidae

Trachemys scripta (Schoepff, 1792)

Russian sturgeon

Dogfish

Red piranha

Grass carp
Common carp
Bighead carp

Silver carp

River croaker

Porrudo, Penharol

Channel catfish

Bullfrog

Rough turtle

(Spotorno et al. 2020)
(33°31’S, 53°05'W)

(Chuctaya et al. 2019)
(32°06'S, 52°04'W)

(Einhardt et al. 2014)
(32°14’S, 52°49'W)

(Diario Popular, 2023)
(31°23’S, 51°57'W)*

(Garcia et al. 2004)
(32°11°S, 52°04'W)*
(Garcia et al. 2004)
32°31’S, 52°46'W)*
(Garcia et al. 2004
(32°01°S, 52°05°W
(Garcia et al. 2004
(32°02’S, 52°03'W

*

=D =2

*

(Harayashiki et al. 2014)
(31°47’S, 52°11°'W)*

(30°45'S, 51°21°'W)*

(Garcia et al. 2006)
(32°29'S, 52°36'W)*

(Hérus, 2023)
(32°02'S, 52°05'W)

(Xavier & Volcan, 2009)
(32°01’S, 52°05’'W)

(Hérus, 2023)
(32°01’S, 52°05'W)

* Approximate location.
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Of these 26 species, 11 were exclusive to
freshwater and two were marine (M. tubigera
and A. tamarense). The other 13 exotic aquatic
species were associated with the estuarine
environment at some point in their lives
(Figure 2). Except for three allochthonous fish
species—Pachyurus bonariensis (Steindachner,
1876), Trachelyopterus lucenai  (Bertoletti
et al., 1995), and Acestrorhynchus pantaneiro
(Menezes, 1992), native to other Brazilian
hydrographic basins (Uruguay River Basin)—
the other 20 species had a natural distribution
or origin in various continents (America, Europe,
Asia, Oceania, and Africa) and oceans and

Exotic species in Patos-Mirim system

seas (Figure 2). The main means of introduction
for EAS the study area were related to
socioeconomic activities, with aquaculture (34%)
and shipping (ballast water, fouling) (32%) being
the main routes of introduction for these species.
Intentional release into the environment (20%)
and aquarism (12%) also constituted means of
introduction for these species. In total, 11 species
were self-spreading, and 12 species were spread
by sea currents. In four of these species, currents
play a fundamental role in the dispersal of their
aquatic larvae. The species Hypophthalmichthys
molitrix (Valenciennes, 1844) and M. tubigera
lacks information on its means of dispersal.

Figure 2. Sankey model showing the original distribution of aquatic exotic species recorded in the Patos-Mirim lagoon

system (PMLS), relating them to their habitat type.

OCCURRENCE RECORDS

The first record of an EAS in the study area
occurred in the early 1980s, referring to a small
omnivorous crab native to the Northwestern
Atlantic Rhithropanopeus harrisii (Gould, 1841).
From 1981 to 1985, D’Incao and Martins (1998)
collected 92 males and 61 females of R. harrisii
in the Patos Lagoon estuary and suggested that

the crab may have arrived in the estuary via the
ballast water of ships. At the time of this study,
the last record of an exotic aquatic species in
the study area occurred in 2024, referring to the
red-bellied piranha Pygocentrus nattereri (Kner,
1858) and the chinook salmon Oncorthynchus
tshawyscha (Walbaum, 1792) (Gowert personal
communication ) (Figure 3).
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Figure 3. Chronology of the first records of occurrence of exotic aquatic species
in the Patos-Mirim lagoon system (PMLS).
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ENVIRONMENTAL IMPACT

The negative impacts caused by EAS in the
PMLS and adjacent regions can be ecological,
socioeconomic, and health-related. The main
impact mechanisms mentioned in the literature
for the 26 EAS refer to competition and habitat
alteration (Figure 4). Competition (for food,

Exotic species in Patos-Mirim system

habitat, and space to reproduce) is an impact
mechanism identified for 85% of exotic species.
In addition to competition, habitat alteration
(46% of species), predation (23% of species),
disease vectors (for other species and humans),
and hybridization are other impact mechanisms
recorded in the literature (Figure 4).

Figure 4. Sankey model showing the impact mechanisms of exotic aquatic species occurring in the
Patos-Mirim lagoon system (PMLS). In blue, species on the official SEMA list n°79/2013, in red, species
registered for the PMLS, and not classified by this official list.

RISK STATUS AND MANAGEMENT MEASURES

In total, nine of the 26 species in the study area
were not listed in the official Rio Grande do Sul
State list - SEMA n°79/2013 list of exotic species
(Figure 4). All 17 species on the official SEMA
n°79/2013 list have already been the subject of
risk analysis and have an established risk status.
Of the nine exotic species outside the official
SEMA n°79/2013 list, only three—M. tubigera,
Metapanaeus monoceros (Fabricius, 1798),
and Rapana venosa (Valenciennes, 1846)—have
an established risk status and only the last two M.
monoceros and R.venosa have any management

measures. Moreover, six other species outside
official list lack any management measures.

EXOTIC FISH ALREADY REGISTERED IN THE
PATOS LAGOON SYSTEM

In the northern portion of the Patos lagoon
system, six other EAS were found but they were
yet to be recorded in the PMLS study area (the
estuarine portion of Patos Lagoon, the Sao Gongalo
channel, the northern portion of the Mirim Lagoon,
and the adjacent marine coast): largemouth
black bass (achigéd in Portuguese) M. salmoides
(Bertaco and Azevedo, 2023), palometa (piranha
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amarela in Portuguese) Serrasalmus maculatus
(Linnaeus, 1776) (Bertaco et al. 2022), the Nile
tilapia Oreochromis niloticus (Linnaeus, 1758)
(Bertaco and Azevedo, 2023), the rainbow trout
Oncorhynchus mykiss (Walbaum, 1792) (Bertaco
and Azevedo, 2023), the African catfish Clarias
gariepinus (Burchell, 1822) (Braun et al.,2003),
and the tilapia C. rendalli (Bertaco and Azevedo,
2023). The Horus Institute shows a record of
C. rendalli in the Patos Lagoon, but the literature
review provided no further details.

DISCUSSION

Analysis of the survey of EAS in the PMLS
showed a great diversity of organisms. Among
the 26 species identified, the class Actinopterygii
stands out for its largest number of species.
Except for the Russian sturgeon Acipenser
gueldenstaedtii (Von Brandt and Ratzeburg, 1833)
and O. tschawytscha, all other fish are freshwater
species. Such prevalence of Actinopterygii could
be explained by the fact that southern Brazil
stands out as an important area in aquaculture
production, including the breeding of various
exotic species, such as carp and tilapia (Embrapa,
2017; Troca and Vieira, 2012). The different
carp species recorded in 1998 (C. carpio), 1999
(Hypophthalichthys nobilis (Richardson, 1845),
2001 (H. molitrix), and 2003 (Ctenopharyngodon
idella (Valenciennes, 1844) (Garcia et al,
2004) are the most cultivated species in the
surroundings of the Patos Lagoon estuary
(Troca and Vieira, 2012). Accidental escape from
aquaculture enterprises is one of the main causes
of the introduction of these species into the natural
environment (Troca, 2013). More than half of the
aquaculture activity in Brazil is carried out with
exotic species (Embrapa, 2017; Troca and Vieira,
2012), which may explain the extent to which this
process influences these introductions.

The introduction of an exotic species is often
linked to activities of socioeconomic interest,
such as maritime and river transportation,
the use of ballast water for ships, aquaculture,
and the aquarium trade (Tavares and
Mendonga Jr., 2004). Except for fish (the main
cause of introduction of which is aquaculture),
the bullfrog Aquarana catesbeiana (Shaw,

Exotic species in Patos-Mirim system

1802), and the American turtle Trachemys
scripta (Schoepff, 1792), the EAS in the study
area have some risk of being introduced into the
environment from maritime and fluvial transport,
ballast water, or fouling. With the advance of
international trade, 80% of consumer goods are
transported by ship across the oceans of the
world (PBMC, 2016). As a result, the ballast water
of ships constitutes a major global concern as it
is a major carrier of exotic species (FURG, 2014).
Considering this, the International Maritime
Organization and the Brazilian Directorate of
Ports and Coasts have taken certain initiatives
such as the “International Convention for the
Management of Ships’ Ballast Water and
Sediments” and the “Maritime Authority Rules on
Water Pollution from Vessels, Platforms and their
Support Facilities” — “NORMAM-20/DPC.”

These initiatives require ships operating off the
coast of Brazil to have their own ballast water and
sediment management plan (Nogueira, 2013).
Although Brazil follows the guidelines issued by
the International Maritime Organization regarding
the prevention, minimization, and elimination
ofthe risks of introducing harmful aquatic organisms
and pathogens in the ballast water of vessels,
and the NORMAM-20/DPC has been in effect since
September 2017, exceptions to compliance with
guidelines remain. NORMAM-20/DPC proposes
preventive measures for six of the EAS in this
study: Temora turbinata (copepod), R. harrisii (mud
crab), M. monoceros (tiger shrimp), Megabalanus
coccopoma (barnacles), C. wailesii (diatom),
and A. tamarense (dinoflagellate), species whose
main source of introduction is ballast water.
However, NORMAM-20/DPC exempts from
ballast water management (exchange/treatment)
foreign-flagged long-haul vessels or maritime
and port support vessels operating in Brazilian
Jurisdictional Waters that have a Temporary
Registration Certificate (an administrative act by
the Maritime Authority to control foreign-flagged
vessels that have been authorized to operate in
Brazilian Jurisdictional Waters). These exemptions
of ballast water management can compromise the
effectiveness of preventing the occurrence and
introduction of EAS. By implementing the port
data system of the ‘No Paper Port’ program of the
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Special Secretariat for Ports (SEP/PR) in Brazil,
information on oceanic ballast water exchange
belongs to the data to be reported by ships before
docking. However, many vessels fail to submit all
the required data, which can increase the chances
of colonization of a new species (FURG, 2014).
According to the technical reports of this program,
the growing increase in the R. harrisii species in
the region is due to this factor.

For an exotic species to become truly invasive,
it must have the ability to spread beyond the point
in which it was introduced (Zalba and Ziller 2007).
The means of propagation can be physical,
associated with other species, or with the direct
or indirect participation of human activities.
Most EAS in our study show self-dispersal capacity,
characterized by the intrinsic ability to spread to
wider areas without relying on specific vectors
or human intervention. Moreover, 12 use marine
currents and/or freshwater streams as a means
of dispersal, with four (Corbicula fluminea,
L. fortunei, M. coccopoma, and R. venosa)
highlighting the crucial role of currents in the
spread of aquatic larvae. Understanding the
dispersal mechanisms associated with these
species is of great importance for targeting
effective management and control strategies,
such as ballast water management.

Exotic species represent the second leading
cause of biodiversity loss worldwide (Magalhaes
and Silva-Forsberg, 2016; Matthews, 2005;
Sampaio and Schmidt, 2013). The factors that
enable this negative impact on native species
include the fact that exotic species often have
bio-ecological characteristics that support and
promote the invasion process. In addition to
their high dispersal capacity, they often have
high physiological tolerance, a lack of natural
predators, a generalist diet, among others (Kolar
and Lodge, 2001, 2002). The main impact
mechanisms of the EAS at our study site include
competition (food resources or space) (for 85%
of the species) and habitat alteration (46% of the
species). These are followed by predation (23%),
transmission of diseases to other species
and humans, and hybridization. For example,
the bullfrog A. catesbeiana, which has already
been detected in the system, greatly impacts the
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native fauna whether by competition, predation,
or as a vector of pathogens (Cunha and Delariva,
2009). An invasive process by this species would
have disastrous consequences for this region.
Knowing that the study area is a nursery for
economically important species (Odebrecht et al.,
2017), the establishment of species with these
impact mechanisms could endanger not only
native biodiversity but also economic activities
and ecosystem services. In the same way that
understanding the mechanisms of dispersal is
important, as mentioned above, knowledge of
the mechanisms of impact and its consequences
contributes to a more comprehensive
understanding of the challenges associated with
the presence of exotic species in the system.
This highlights the importance of a preventative
and proactive approach to avoid establishment.

In several ecosystems, spread and/or impacts
of non-native species occur several years or even
decades following theirintroduction (Downing et al.,
2013; Pelicice and Agostinho, 2009). Many EAS
have become invasive and some have caused
widespread environmental effects and economic
harm (Pimentel et al., 2005). Risk analysis is a
measure the main objective of which refers to
preventing the introduction of exotic species as it
considers the ecology, biology, history of invasion
in other places, and environmental issues
that can assess the potential for invasion and
adaptation of these species (Zalba and Ziller,
2007). The risk analysis of exotic species
cultivated around the Patos Lagoon showed that
all the assessed species (grass carp, silver carp,
bighead carp, and common carp) show some risk
of introduction, and all have a high probability of
being introduced into the natural environment by
escapes related to fish farming (Troca, 2013).
The effective implementation of risk analysis as a
preventive tool offers a good start in dealing with
biological invasion. Except for A. gueldenstaedtii,
Blackfordia virginica, Cnidostoma fallax, Moerisia
inkermanica, P. nattereri, and O. tshawyscha
(not on the official SEMA n°79/2013 list), 20 exotic
species that in the PMLS have a known risk
status and analysis by the Environmental Impact
Classification of alien taxa (Pré Espécies, 2022)
or the categorization established by official SEMA
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n°79/2013 list. According to SEMA n°79/2013,
the indication of invasiveness of a species can
come from its history of invasion in any ecosystem
in Brazil or beyond its borders.

L. fortunei stands out among the various
impacts that these exotic species can cause.
According to the Horus Institute (a national
database of exotic species), this species can
cause different types of impact, such as ecological,
reducing the benthic biodiversity where it settles;
economic as it increases the corrosion of pipes
due to its proliferation; social, changing the fishing
routine of traditional populations; and finally, social
due to the massive mortality on the beaches.

In total, 17 exotic species in the system appear
on the SEMA n°79/2013 list. Of these, 11 are
classified as Risk Category 1 (species that are
prohibited from transportation, breeding, release,
translocation, cultivation, propagation by any form
of reproduction, trade, donation, or intentional
acquisition in any form) and five species are
classified as Risk Category 2 (species that can
be used under controlled conditions, such as
restrictions, subject to specific regulations). In the
Environmental Impact Classification of alien taxa
categorization, three species in this review are in
the category of data deficient - DD (in which the
risk status eludes determination), the remainder
are classified in one of five impact categories:
massive - (A. catesbeiana), major - (L. fortunei),
moderate - (M. monoceros, R. venosa, R. harrisii,
and T. turbinata), and minor - (C. fluminea)
according to the magnitude of the impacts on
native biodiversity (GISD, 2023).

The absence of information on the risk
status and management measures for certain
species can be attributed to various factors,
such as the recent recording of its occurrence in
the environment, the absence of data on some
species, and the failure to document occurrences.
Logistic challenges, resource limitations, and the
complexity of risk analysis can also contribute to
the failure to implement management measures.
First occurrence records and environmental
monitoring are important steps in prevention
and early detection (MMA, 2024). Assessments
conducted after the introduction of exotic
species indicate that up to 85% of the species

Exotic species in Patos-Mirim system

currently classified as invasive could have been
identified before their introduction (Zalba and
Ziller, 2007). It is imperative that managers
consider the importance of environmental
monitoring, information dissemination, data
management, and research to implement
appropriate management measures to promote
the preservation of biodiversity.

The Ministry of the Environment’s Species
Department in Brazil plays a crucial role
in formulating and implementing policies,
standards, and strategies to prevent introduction
and control the impact of invasive exotic species
that threaten ecosystems, habitats, and native
species. One example is the National Strategy for
Invasive Alien Species, created by the Ministry
of the Environment by CONABIO Resolution
07/2018 (MMA, 2018), an initiative that brings
together guidelines from the Convention on
Biological Diversity to guide the actions of
various environmental entities in the country
(MMA, 2024). It outlines a clear implementation
plan until 2030, establishing priority actions
to manage, prevent, and control invasive
species, with the support of different spheres of
government and sectors of society. The first stage
for the implementation of the National Strategy
for Invasive Alien Species was established by
Ministry of Environment Ordinance 03/2018
and will last for six years (CONABIO, 2018).
This act defines actions, targets, coordinators,
and collaborators. Moreover, the Federative Units
have a fundamental role to play in implementing
local actions to prevent the proliferation of
invasive exotic species throughout the national
territory. This includes implementing state policies
and compiling official lists that provide crucial
information for the competent bodies.

However, this is not the case in the current
scenario as the 11-year gap in relation to
the official list for the state of Rio Grande do
Sul - SEMA n°79/2013, highlights the need for
environmental managers to pay more attention to
exotic species. Considering that species already
occur in the environment, with an unknown risk
of introduction, the impacts of which after their
eventual establishment in the environment could
be significant.
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CONCLUSION

Analysis of the occurrences of exotic aquatic
species in the Patos Lagoon estuary, the Sao
Gongalo channel, the northern portion of the
Mirim Lagoon, and the adjacent marine coast
shows an alarming situation. The occurrence
of 26 exotic aquatic species in the system,
plus another six species (which occur in the
system but outside our study area) should not
be underestimated, considering their dispersal
power, the potential impacts on native species in
the event of eventual establishment processes,
and the lack of invasion risk analysis. In a region
as ecologically and socioeconomically important
as the Patos-Mirim System, exotic species can
significantly threaten the ecological balance
and the provision of ecosystem services in
aquatic ecosystems harboring high biodiversity
in extreme southern Brazil. We emphasize the
importance of disseminating scientific knowledge,
data management, environmental monitoring,
conservation policies, and effective management
measures and redoubling the efforts to prevent
exotic species in this system.
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