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Non-indigenous species (NIS) are rapidly changing our ma-
rine ecosystems. The number of biological invasions has grown 
dramatically in recent decades, as well as the world’s human 
population and coastal development. Anthropogenic habitats, 
such as pier pilings, break waters, and floating docks, have been 
constantly added to marine environments and represent novel 
substrata for marine communities (Connell 2001, Bulleri & 
Chapman 2010). These man-made structures, which are typically 
associated to vectors of NIS such as shipping and aquaculture, 
have long been known to be focal points for marine invasions 
and can act as stepping stones for NIS spread (Tyrell & Byers 
2007, Glasby et al. 2007, Ruiz et al. 2009, Seebens et al. 2013). Such 
anthropogenic habitats and activities are usually concentrated in 
sheltered coastal areas, such as bays and estuaries, which act as 
hubs of bioinvasion (Ruiz et al. 1997, Wasson et al. 2005, Preisler 
et al. 2009). For this reason, most studies of NIS take place in 
harbors, where most invasive species are expected to be found.

The disparity in number of NIS between artificial vs. natural 
substrata and bays vs. outer coasts is well documented (Lambert & 

Lambert 2003, Glasby et al. 2007, Preisler et al. 2009, Ruiz et al. 2009, 
Dafforn et al. 2012). However, NIS may spread out from harbors, 
ports or other sources, and the extent of the escape from these 
entry points to other suitable habitats has been evaluated at very 
few regions (Simkanim et al. 2012, Airoldi et al. 2015). This gap of 
understanding is still more remarkable in developing countries, 
where there are only a few published studies on invasion ecology 
(Pyšek et al. 2008, Nuñez & Pauchard 2010). To our knowledge there 
is only one study in the Atlantic Southwest, in Argentina, regard-
ing the distribution of NIS in estuarine areas and open coast (see 
Preisler et al. 2009), and one study comparing the NIS in artificial 
and natural substrata, in Ilha Grande Bay, Brazil (Ignacio et al. 
2010). However, a comprehensive regional survey of NIS in hard 
substrate communities considering artificial and natural substrata 
in both estuarine and coastal area, has not been published yet.

The southern Brazilian state of Paraná has a relatively short 
coast (~100 km long). However, it harbors two estuaries, Guara-
tuba Bay and the Paranaguá Estuarine Complex (PEC), which 
increase the coast perimeter and influence the marine adjacent 
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region. The PEC is among the largest estuaries in Brazil, and of 
considerable economic and ecological importance to the entire 
southern region of the country. Despite being one of the most 
preserved Brazilian coastal environments, even ranked as a World 
Heritage site (UNESCO 2014), it is subjected to many anthropo-
genic impacts that may favor bioinvasions, such as port-related 
industries and activities, tourism and aquaculture. Previous studies 
have revealed that PEC is indeed an entrance for NIS in the state 
(Neves et al. 2007, Neves & Rocha 2008, Cangussu et al. 2010). Such 
studies have focused on anthropogenic habitats in estuarine areas 
and there is a paucity of studies about NIS on natural substrata 
in this region. Thus, this study aimed to determine the extent to 
which NIS have spread to adjacent natural substrates both inside 
estuarine areas and in the adjacent open coast. An updated list of 
benthic marine non-native fauna in the Paraná is also provided, 
which have been critically discussed and validated (Appendix S11).

MATERIAL AND METHODS

The state of Paraná has a continental shelf (CS) between 175 
and 190 km wide, predominantly covered by sand, mud and clay, 
except for the few natural hard substrates that border the islands. 
The main coastal islands are Figueira, Mel, Galheta, Currais and 
Itacolomis, from north to south. Paraná coast also has two large 
estuaries: The Paranaguá Estuarine Complex (PEC), located at the 
northern limit of the Paraná coast and one of the largest estuaries 
in Brazil, with a total surface area of ~612 km², and Guaratuba Bay 
(GB), located south, with ~50 km² of surface area (Lana et al. 2001).

Surveys were carried out in both artificial and natural 
substrata within the PEC and in the inner continental shelf off 
Paraná (Fig. 1). Sites with different depths and wave exposures 
were sampled in order to include a wide variety of environmental 
features. Inside PEC, a total of seven sites were sampled: Cobras 
island, Filhote island, Bananas islands, Baleia rock, Vedado rock 
and the artificial substrata of Techint pier and Ponta do Poço 
marina. At the inner continental shelf, five sites were sampled: 
Mel island, Galheta island, Currais archipelago and two sites 
of artificial reefs (ARs) (concrete blocks placed in the seabed to 
provide new environments for encrusting communities).

The sites were sampled by SCUBA diving at least twice each 
between July 2012 and January 2015, with a total of 48 scuba 
dives. The largest sampling effort was in the sites with a lack of 
previous studies, i.e., open sea areas and natural substrata. Most 
of the sites were surveyed both along shallower (around 2-4 m) 
and deeper (5-8 m) 20 m long transects (Appendix 1). Artificial 
reef sites were surveyed at ~13 and ~18 m, depending on their 
deployment depth. During those dives, specimens were photo-
graphed and collected for identification. Upon collection, samples 
were treated with a menthol solution in seawater for relaxation of 
the fauna and subsequently fixed in 4% formalin for taxonomical 
study by specialists.

A search of the literature was also conducted to review all 
records of benthic marine fauna in Paraná. This search included 
journal articles, and two official lists of introduced species, one 
regional (IAP 2015) and another national (Lopes 2009). Further-
more, specialists were contacted to complement the available 
information and confirm some records.

Non-indigenous species were classified as proposed by the 
Brazilian Ministry of Environment (Lopes 2009): Detected – when 
the NIS was detected in natural environment, but without further 
increase of its abundance and/or dispersion; Established – when 
the NIS was detected recurrently, but with no apparent ecolo
gical or socioeconomic impacts; Invasive – when the established 
species interfere with the survival of other species, or when the 
species causes measurable socio-economic or human health 
impacts. A species recorded in at most two sites, and only once 
per site, was considered detected. A species recorded in three sites 
or more, and at least two times in at any given sampling site, 
was considered established. Established species with records of 
ecological or economic impact were considered invasive.

RESULTS

Considering the new surveys, and all the information 
from literature and experts, we found 19 NIS in hard-substrate 
communities in Paraná: Ascidiacea (5), Cirripedia (5), Cnidaria 
(3), Mollusca (3), Decapoda (1), Echinodermata (1) and Poly-

Figure 1. Location of field survey sites, state of Paraná, southern Brazil.

1Available as Online Supplementary Material with the HTML version of the article at http://www.scielo.br/zool
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chaeta (1) (Table 1, Appendix S11). Of these, five are invasive in 
Paraná, nine are established and five have been detected but it 
is not known if they have established sustainable populations 
(Appendix 2). A total of 174 invertebrates species were recorded, 
thus the NIS represents 11% of the fauna surveyed. We found 143 
and 127 species in artificial and natural substrata, respectively, 
and 112 and 152 species in bays and open sea, respectively.

Altogether, 18 and 16 NIS were recorded in artificial and 
natural substrata, both representing 13% of the species in the 
respective habitats. Three species occurred only in artificial 
substrata, the ascidian Ascidia tenue (Monniot, 1983), the bar-
nacle Balanus trigonus Darwin, 1854 and the polychaete Polydora 
cornuta Bosc, 1802. One NIS was exclusively found on natural 
substrata, the ascidian Sidneioides peregrinus Kremer, Metri & 
Rocha, 2011 (Table 1). Four NIS are reported here for the first 
time in natural substrata in the region, the octocoral Carijoa 
riisei (Duchassaing & Michelotti, 1860), the hydrozoan Garveia 
franciscana Torrey, 1902, the barnacle Striatobalanus amaryllis 
Darwin, 1954 and the bivalve Myoforceps aristatus (Dillwyn, 1817) 
(also known as Lithophaga aristata and Leisolenus aristatus). The 
last one is also a new record for the Paraná biota.

We found 17 NIS in the estuarine area and 16 in the 
open coast, representing 15% and 10.5% of the hard substrate 
species, respectively. Three species occurred only in the former, 
the ascidian S. peregrinus, the decapod Charybdis hellerii (A. 
Milne-Edwards, 1867) and the polychaete P. cornuta, and two 
were exclusive in the later, the ascidians Ascidia sydneiensis 
Stimpson, 1885 and A. tenue (Table 1). In the estuarine areas, 16 
and 13 NIS were reported in artificial and natural substrata, but 
due to the higher number of species in artificial substrata, the 
percentage was 17.6 and 18.6%, respectively. In the open sea, 
we documented 14 NIS in artificial habitats and 10 NIS natural 
ones, representing 12.2 and 8.3%, respectively.

Of the 19 NIS, 15 were found in field surveys carried out since 
December/2012 (Appendix 1). Except for the barnacle B. trigonus 
and the ascidian S. peregrinus, new sites of occurrence are reported 
for all species, expanding their local distribution range. There were 
NIS in all surveyed sites, ranging between three and eight species 
per site. The places with more NIS were artificial substrata, the 
Techint pier, with eight NIS, the artificial reefs (ARs1) and Ponta 
do Poço marina, with six species each. Vedado Rock had five spe-
cies, and all other sites had three or four NIS each (Appendix 2).

Table 1. List of marine benthic non-native species of Paraná, south Brazil.
Taxa Status Occurrence Habitat References

Ascidiacea

Ascidia sydneiensis Stimpson, 1885 * D CS RS, AR Rocha & Kremer (2005)

Ascidia tenue (Monniot, 1983) D CS AR Bumbeer & Rocha (2012)

Clavelina oblonga Herdman, 1880 * E CEP, CS RS, AR Rocha & Kremer (2005), Cangussu et al. (2010)

Sidneioides peregrinus Kremer, Metri & Rocha, 2011 D CEP RS Kremer et al. (2011)

Styela plicata (Lesueur, 1823)* I CEP, GB, CS RS, PM Rocha & Kremer (2005), Arruda (personal communication)

Cirripedia

Amphibalanus amphitrite Darwin, 1854 * E CEP, CS RS, PM, AR Neves et al. (2007), Cangussu et al. (2010), Bumbeer & Rocha (2012), Klôh et al. (2013)

Amphibalanus reticulatus (Utinomi, 1967)* E CEP, GB, CS RS, PM, AR Neves et al. (2007), Cangussu et al. (2010), Bumbeer & Rocha (2012), Klôh et al. (2013)

Balanus trigonus Darwin, 1854* D CEP, CS PM, AR Cangussu et al. (2010), Bumbeer & Rocha (2012)

Megabalanus coccopoma Darwin, 1854 * E CEP, GB, CS RS, PM, AR Cangussu et al. (2010), Bumbeer & Rocha (2012), Klôh et al. (2013)

Striatobalanus amarylis Darwin, 1854 * E CEP, CS RS, PM, AR Neves et al. (2007), Cangussu et al. (2010), Carlton et al. (2011), Bumbeer & Rocha (2012)

Cnidaria

Carijoa riisei (Duchassaing & Michelotti, 1860) * E CEP, CS RS, PM, AR Cangussu et al. (2010), Bumbeer & Rocha (2012)

Garveia franciscana Torrey, 1902 * E CEP, CS RS, PM, AR Neves et al. (2007), Cangussu et al. (2010), Bumbeer & Rocha (2012)

Stragulum bicolor Van Ofwegen & Haddad, 2011* E CEP, GB, CS RS, PM van Ofwegen & Haddad (2011), Bumbeer & Rocha (2012), Altvater & Coutinho (2015)

Mollusca

Isognomon bicolor (Adams, 1845) E CEP, GB, CS RS Lopes (2009)

Myoforceps aristatus (Dillwyn, 1817) * I CEP, CS RS, PM, AR

Perna perna (Linnaeus, 1758) * I CEP, GB RS, PM, AS Lopes (2009)

Decapoda

Charybdis hellerii (A. Milne-Edwards, 1867)* I CEP, CS RS, SB, M, AS Frigotto & Serafim (2007), TCP (2010)

Echinodermata

Ophiothela mirabilis Verrill, 1867 * I CEP, CS RS, PM, AR Hendler et al. (2012) 

Polychaeta

Polydora cornuta Bosc, 1802 D CEP SB, PM Radashevsky (2004), Neves et al. (2007), Lopes (2009)

*Species recorded in the present study field surveys. 1Status: (I) Invasive, (E) Established, (D) Detected (see text for definition). 2Occurrence: (PEC) Paranaguá Estuarine Complex, 
(GB) Guaratuba Bay, (CS) Continental Shelf. 3 Habitat: (RS) Rocky Substrate, (SB) Soft Bottom, (M) Mangrove, (PM) Piers and Marinas, (AR) Artificial Reefs, (AS) Aquaculture Sites.
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DISCUSSION

Our results suggest substantial spread of NIS into natural 
habitats, more pronounced in the estuarine areas. There is no 
temporal data to state that the NIS were previously restrict to 
artificial habitats and then escaped to natural ones. However, due 
to the well known role of artificial habitats in the establishment 
of new introductions, this is probably the pathway of NIS spread. 
The percentage of non-indigenous species was the same between 
natural and artificial substrata in the Paraná coast, and all the es-
tablished and invasive species found occurred in both substrates. 
In the estuarine areas, almost all NIS occur independently of the 
type of substrata. The main difference between the artificial and 
natural substrata was the total number of species, which was higher 
in artificial substrata. Indeed, PEC has some islands, but the hard 
substrata environment is dominated by man-made structures. This, 
summed to port and industrial activities, aquaculture and an in-
tense small-scale boating, provide a suitable habitat for bioinvasion.

Similar results were found in the Ilha Grande Bay, south-
eastern Brazil, where there were more species in artificial substrata 
but there, the percentage of NIS was higher in natural substrata 
(16%) than in artificial ones (13%) (Ignacio et al. 2010). It is 
interesting to note that the two studies carried out in Brazil (the 
present study and Ignacio et al. 2010) comparing well-established 
natural and artificial hard communities are the only ones, to 
our knowledge, that reveal such a great spread of NIS to natural 
substrata. A review study showed that in North America 90% of 
all alien species were found on artificial substrata and those had 
more NIS than natural ones (Ruiz et al. 2009). In fouling commu-
nities in Australia, the richness of NIS was 1.5 – 2.5 times greater 
on pontoons or pilings than on rocky reefs (Glasby et al. 2007). 
Two surveys focused on ascidians showed more NIS in artificial 
than in natural substrata, with the colonization of natural rocky 
habitats by two alien species both in Italy (Airoldi et al. 2015) and 
in Canada (Simkanin et al. 2012).

As expected, the proportion of NIS was higher in the es-
tuarine areas in comparison to the open ocean. However, both 
environments comprise almost the same absolute number of NIS 
and share most of them, revealing that alien species are reaching 
places far from the estuarine conditions, supposedly colonized first 
during the invasion process. In contrast to our results, a study in 
California revealed that the estuary was far more invaded than 
the adjacent open coast, both in terms of absolute numbers of 
NIS (58 vs. 8, respectively) and proportion (11% vs. 1.5%, respec-
tively) (Wasson et al. 2005). Although less pronounced, the same 
trend of higher percentage of NIS in estuarine environments 
than at open coast occurred in Argentina (11% vs. 5%) and in 
the Netherlands (7% vs. 4%) (see Preisler et al. 2009). In New 
Hampshire, in contrast, coastal and estuarine habitats had equal 
absolute numbers of NIS and similar percentages (21% and 19%) 
(see Preisler et al. 2009).

There are many factors influencing the different results 
between regions. Survey methods differed between studies, for 

example, with those in California, Netherlands and Paraná repre
senting an extensive search for years, while those in Argentina 
and New Hampshire consisted of more focused, shorter efforts 
(Wasson et al. 2005, Preisler et al. 2009). Also, one of the main 
factors influencing the distribution of NIS is the availability of 
propagule in the area. In Paranaguá, a study testing the coloni-
zation of invertebrates on recruitment plates close to the port 
area revealed that 16% of colonizing species were non native 
(Cangussu et al. 2010). The same kind of study was conducted 
in the nearshore continental shelf of Paraná,with 23% of non 
native species, suggesting a high propagule supply, even in the 
open coast (Bumbeer & Rocha 2012). This may be due the direct 
influence of continental drainage from the estuaries, one of the 
main processes of larval dispersal, and the contribution of local 
vectors for the spread of marine introduced species, such as fishing 
and recreational boat hulls. These boats travel back and forth the 
estuaries and the open sea, thereby connecting coasts, islands and 
marinas, thus increasing the probability that NIS will be trans-
ported to an increasing number of habitats (Murray et al. 2011).

Anthropogenic structures may also enhance the propagule 
pressure, since they provide substrata for colonization and can 
act as stepping stones for NIS (Glasby et al. 2007, Tyrell & Byers 
2007). In the shallow inner continental shelf of Paraná (< 30 
m deep), approximately 2,000 units of artificial reefs, made of 
concrete blocks have been placed between the islands of Currais 
and Itacolomis and another 6,000 between the islands of Cur-
rais and Galheta (Brandini 2013). The region is naturally poor in 
hard bottom habitats and these artificial reefs increased habitat 
availability for benthic organisms. Considering only the open sea, 
our results showed that there were more NIS in artificial substrata 
than in natural ones. Even so, the proportional number of NIS was 
also high in natural substrata. Whether the artificial reefs have 
influenced in the spread of NIS to coastal islands remains an open 
question, since there is no data prior to the deployment of the 
structures. Moreover, the extent to which different artificial sub-
strata influence the bioinvasion process is controversial. Vaz-Pinto 
et al. (2013) provided evidence that substratum-specific features 
influence the initial colonization of NIS, but other processes/
species interactions were more important later on succession. 
Nevertheless, while it is widely accepted that artificial structures 
are important to NIS establishment and subsequent spread, there 
is still no pattern of native and introduced species richness as-
sociated with substratum type (Glasby et al. 2007, Tyrell & Byers 
2007, Ignacio et al. 2010, Vaz-Pinto et al. 2013).

The spread to natural habitats by NIS is a fundamental 
component of the invasive capacity of a species (Richardson et al. 
2000). However, most bioinvasion studies are restricted to artificial 
substrata, and little is known about the spread of NIS to natural 
habitats, mainly in the open sea. Sampling bias towards artificial 
substrates make it difficult to understand the rate of species spread 
and bioinvasion impacts. This is a smaller problem in places where 
the biota has been intensely surveyed and new introductions of 
species can be easily recognized, like some sites in North America 
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and Europe. But in South America, where there is a huge gap of 
biodiversity inventories of pristine environments, estimating bioin-
vasion numbers and impact is a certain challenge (Pyšek et al. 2008, 
Nuñez & Pauchard 2010). This is an important marine biosecurity 
issue, since programs developed for the detection, monitoring and 
control of marine invasion are based on general models that may 
not fit each region needs (Nuñez & Pauchard 2010).

Our study contributes to the knowledge of bioinvasion in 
the Southwestern Atlantic coast. Here we have shown that an-
thropogenic habitats and estuaries are not unique in supporting 
NIS, which may be also frequent in natural substrates and open 
sea. Such spread of NIS may become common in other regions 
as the supply of propagules increases with human activities. In 
addition to species transfers, these activities would result in the 
creation of artificial structures, providing hard substrata that may 
be more vulnerable to colonization. Surveys restricted to artificial 
hard substrata (e.g., a rapid assessment of docks and pilings) are 
efficient to detect NIS in the environment, but are not enough 
to understand their spread and pathways of bioinvasion. Assess-
ments of invasion rates should focus on multiple habitat types 
in each ecosystem. For example, the abundance of the invasive 
cup coral species was assessed in both artificial and natural 
habitats in the Ilha Grande, Rio de Janeiro (Mangelli & Creed 
2012). The study showed that Tubastraea coccinea Lesson, 1829 
was more abundant in artificial substrata, but the abundance 
of Tubastraea tagusensis Wells, 1982 did not differed between 
substrata. Although the present study fills an important gap in 
the knowledge of NIS distribution, further studies should also 
include the frequency and abundance of NIS to better under-
stand the extent and pathways of bioinvasion in this region.
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Sampling Sites Depth (m) Transects # Dates

Cobras Island
2-4 4 14/06/2013

5-8 10/02/2014

Filhote Island

2-4 6 14/06/2013

5-8 10/02/2014

28/01/2015

Bananas Island
1-3 2 22/04/2013

28/01/2015

Baleia Rock

2-4 6 05/06/2013

5-8 14/06/2013

24/10/2013

28/01/2015

Vedado Rock

2-4 6 14/05/2013

5-8 14/06/2013

24/10/2013

10/02/2014

Galheta Island

2-4 8 25/04/2013

5-8 05/06/2013

24/10/2013

22/01/2014

14/01/2015

Mel Island

2-4 7 30/04/2013

5-8 14/07/2013

24/10/2013

22/01/2014

14/01/2015

Sampling Sites Depth (m) Transects # Dates

Currais Archipelago

2-4 31 24/07/2012

5-8 18/12/2012

06/06/2013

17/12/2013

26/06/2014

08/01/2015

Techint Pier

2-4 14 05/07/2012

5-8 24/10/2012

14/07/2013

09/02/2014

22/07/2014

09/12/2014

Ponta do Poço Marina
2-4 4 10/02/2014

5-8 28/01/2015

ARs1

~18 12 13/12/2012

13/06/2013

17/12/2013

07/01/2015

ARs2

~ 13 16 14/02/2013

02/05/2013

14/05/2013

23/01/2014

14/01/2015

Appendix 2. Benthic marine non-native species found in Paraná between July 2012 and July 2014 in eleven sites (see Fig. 1).

Species

Substrate

Natural Artificial

Cobras 
Island

Filhote 
Island

Bananas 
Island

Baleia
Rock

Vedado
Rock

Galheta 
Island

Mel
Island

Currais 
Archipelago

Techint
Pier

Ponta do Poço 
Marina

ARs1 ARs2

Amphibalanus amphitrite x x

Amphibalanus reticulatus x x x

Ascidia sydneiensis x

Balanus trigonus x

Carijoa riisei x x x x x x x x

Clavelina oblonga x x x x x x

Charybdis hellerii x

Garveia franciscana x x x

Megabalanus coccopoma x x x

Myoforceps aristatus x x x

Ophiothela mirabilis x x x x x x

Perna perna x x x

Stragulum bicolor x x x x x x x

Striatobalanus amarylis x x x x x x

Styela plicata x
1ARs: concrete artificial reefs.

Appendix 1. Depth, number of transects per sampling site and collecting dates.


