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ABSTRACT. Invasion by marine species, often considered a grave threat to marine ecosystems, occurs throughout the
world as a consequence of many anthropogenic activities. In coastal Parana, many factors including shipping, aquacul-
ture and the use of artificial substrates provide suitable environments for the establishment and rapid spread of intro-
duced marine species. To better understand this process, the encrusting community was studied on polyethylene plates
(n=120, 10 x 10 cm) that were placed seasonally at fixed locations on the inner continental shelf to detect non-native
species. Of the 62 taxa found, 40 were identified to species, 14 of which were native, 9 introduced and 17 cryptogenic.
We found a new introduction while most introduced species were previously reported at a nearby estuary with an
international port. Possible complementary explanations for these detections are 1) estuaries influence ecological pro-
cesses on the inner continental shelf, 2) the study area is near the route of cargo and other ships entering the port, 3)
other local vectors, such as hulls of fishing and recreational boats, and artificial reefs link the estuary to the offshore
areas. Thus, not only are estuaries invaded by exotic species, but also non-indigenous marine species may be present in
the open sea where they are likely to colonize artificial substrates.
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The southern Brazilian state of Parana has a relatively short
coast (~100 km long). Here, the port of Paranagua (25°30'S,
48°30’W), one of Brazil’s largest international ports, is an im-
portant potential source of species introductions (NEves et al.
2007). Previous studies in Paranagua Bay (where the port is lo-
cated) found colonization by invasive, non-native and crypto-
genic species in fixed and floating substrates made of concrete,
fiberglass, granite and polyethylene (RocHa & Kremer 2005, NEvES
etal. 2007, Neves & RocHa 2008, Cangussu et al. 2010, RocHa et al.
2010). This result was somewhat surprising due to the wide varia-
tion in salinity of these waters due to riverine input.

An additional potential source of introductions is oyster
cultivation at the two main coastal estuaries of Paranagua and
Guaratuba Bays. Seed oysters are regularly exchanged by farm-
ers between locations where they are cultivated (Leandro A.
Pereira, pers. comm. 2011) and so are possible local vectors for
introductions of the associated fauna (Ruiz et al. 1997). Both
bays also have private marinas and small piers, recreational
and fishing boats that travel frequently between the estuaries
and the open sea. Thus, these may be important as local vec-
tors for introductions (Wasson et al. 2001, Murray et al. 2011).
In the open sea the inner continental shelf has both recreational
boating and intense small-scale fishing (ANpriGUETTO-FILHO et
al. 2006) that may also provide vectors for introduced species.

In addition to natural rocky substrates in the shallow
inner continental shelf of Parana (< 30 m deep), approximately
2,000 units of artificial reefs, made of concrete blocks have
been placed between the islands of Currais and Itacolomis
(south) and another 1,200 between the islands of Currais and
Galheta (north). These “reefs” were first placed in 1997 to avoid
shrimp trawling (Branpint & Siwva 2011). The region is naturally
poor in hard bottom habitats and these artificial reefs greatly
increased habitat availability for sessile organisms. In natural
environments, two main factors may prevent species’ estab-
lishment: biological interactions (StacHowicz et al. 2002) and
the limited availability of substrates (Dayron 1971). Neverthe-
less, the increase in man-made structures in marine areas, such
as pilings, pontoons and rock walls, provide new substrates for
encrusting organisms (ConniLL 2001) and may be the first step
in habitat colonization by exotic species (TyreLL & Byers 2007).
Artificial structures have long been known to be colonized
(fouled) by non-indigenous marine species (NIS). Indeed, the
association with such structures is one criterion for categoriz-
ing a species as non-indigenous (CHapmMAN & CarLroN 1991).
These artificial substrates may disproportionately favor exotic
species by increasing local sources of exotic propagules to colo-
nize all types of substrates (Grassy et al. 2007, TyrerL & ByERrs
2007). For example, abundance of NIS in estuaries was greater
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than that on the open coast (Wasson et al. 2005). These man-
made structures may provide favorable environments for the
establishment and rapid spread of introduced marine species
in the coastal regions of the state of Parana.

Marine biological invasions occur worldwide due to a va-
riety of anthropogenic activities and are considered one of the
greatest threats to marine ecosystems (Ruiz et al. 1997). Recently,
shipping has been identified as the main source of species intro-
ductions in coastal estuarine and marine habitats. Ballast water,
ballast water sediments, and hull fouling are the main vectors
associated with shipping (Mornar et al. 2008), creating unprec-
edented levels of biological exchange. Since the main vectors
for marine bioinvasions are ballast water and ship hulls, mobile
and always submerged “habitats” might be more easily colo-
nized by introduced species (Neves et al. 2007), in contrast to
intertidal substrates. Substrate stability, whether fixed or mo-
bile, also constitutes an important regulator of communities
(ConnNELL 2000, Graspy & ConnerL 2001, Horroway & CONNELL
2002). The use of similar artificial surfaces in the sublittoral zone
is an important tool for detecting established and reproducing
exotic species in a region. Temporal variation is also important
for colonization, hence seasonal surveys are recommended to
improve detectability of introduced species at different moments
throughout the year (CampsiLL ef al. 2007, Cangussu et al. 2010).

Although estuaries are better studied for the detection of
marine introductions (Ruiz et al. 2000), sublittoral invasions
are also important, though less visible, around the world (KeLLy
etal. 2011, CarcroN et al. 2011). Here, we describe the first study
whose objective is to detect introduced invertebrates in ma-
rine sublittoral open-sea environments but still influenced by
international shipping. In Brazil, few previous studies exam-
ined the sublittoral for the purpose of detecting NIS, and most,
in shallow waters, focused on specific groups, such as barnacles
(FarraPERA 2009) and ascidians (MARINS ef al. 2010). A more com-
prehensive survey was carried out at ITha Grande Bay, in Rio de
Janeiro, where artificial and natural substrates and sessile com-
munities were compared at depths between 0.5 and 5 m (IgNacio
etal. 2010). Here, to examine the possible presence and impor-
tance of non-indigenous species, we describe the encrusting
community on mobile artificial substrates and its seasonal varia-
tion on the inner continental shelf in southern Brazil.

MATERIAL AND METHODS

The state of Parand has a continental shelf ranging be-
tween 175 and 190 km wide. The platform is predominantly
covered by sand, mud and clay, except for the few natural hard
substrates that border the islands of Parana. The main coastal
islands are Figueira, Mel, Galheta, Currais and Itacolomis, from
north to south.

The open inner shelf here (Fig. 1) is characterized by a
well-defined seasonal hydrographic regime. The water column
is warm and stratified between November and March and verti-

cally mixed in the rest of the year due to strong tidal currents
and constant winds (Branpini et al. 2007). In spring-summer pe-
riods, salinity varies from 29 to 35, and water temperature var-
ies from 21 to 28°C, while during autumn-winter salinity varies
from 32 to 35 and water temperature from 20 to 22°C (BrRANDINI
et al. 2007). Due to nearness of the coast, the processes of mix-
ture and circulation of the water in the near shore are mainly
determined by onshore runoff (Branpoini et al. 2007). The study
area is under the influence of the large estuarine complex of
Paranagua (H”18 km apart) and Guaratuba Bays (~24 km apart),
and continental drainage from the bays transports nutrients,
particulate material and invertebrate larvae towards the open
sea, mainly in spring and summer (Braxpini et al. 2007).
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Figure 1. Location of the sampling point (25°44’S, 48°20'W), state
of Parana, southern Brazil. In the detail the map of Brazil showing
the state of Parana.

Each season, recruitment plates were placed in the water
at fixed stations near a group of artificial reefs (Parque dos Meros
or Grouper Park) at 18 m depth, 12 km off the coast and ~ 2
km from Currais Islands (Fig. 1). Between October 2008 and
November 2009, black polyethylene plates (10 x 10 cm) were
attached to ropes in a vertical position and submerged for ap-
proximately three months at 10 different depths from 8-17 m.
A set of four ropes (40 plates) was tied to the artificial reefs
blocks on the seafloor and kept in vertical position by a buoy.
Due to damage by shrimp trawlers three were recovered in au-
tumn and one in winter. The time interval of submersion of
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Table I. Taxa found on experimental polyethylene panels in the nearshore off Parand, southern Brazil, between October 2008 and

November 2009.
0
Taxons Frequency % Season 0f1 Status? Geographical distribution Reference
(n=120) occurrence
Anthozoa
Stragulum bicolor (van Ofwegen & 15.0 Spr, Sum | Brazil (CE, RJ-SC) VAN OFweGeN & Happap (2011)
Haddad, 2011)
Carijoa riisei (Duchassaing & 33 Aut | Circumtropical, Brazil (AP-SC) ConcercioN et al. (2010)
Michelotti, 1860)
Hydrozoa
Bimeria vestita (Wright, 1959) 3 33 Win C  Worldwide distribution, CaLper (1988), MicoTTo et al. (2002),
subantartic waters, Brazil (CE, BA, SHiMaBUKURO et al. (2006), GROHMANN
ES, R], SP) etal (2011)
Bougainvillia muscus (Allman, 1863) 5.8 Win C  Atlantic, Pacific, Indian Ocean,
Mediterranean, Brazil (RJ-PR) CaLper (1988), MicotTo et al. (2002)
Corydendrium parasiticum (Linnaeus, 11.7 Sum C  Atlantic, Pacific, Indian Ocean,
1767) Brazil (PE, SP) CaLper (1988), MicotTo et al. (2002)
Dynamena dalmasi (Versluys, 1899) 1.7 Spr, Sum C  Tropical and subtropical parts of  CaLper (1991), MicoTTo et al. (2002),
Atlantic and Pacific oceans, Brazil GroHmanN et al. (2011)
(BA, RJ,SP)
Ectopleura dumortieri (van Baneden, 5.8 Spr C  Cosmopolitan, Atlantic Ocean, Micotto (1996), MicoTTo et al.
1944) Mediterranean Sea, North Sea, (2002), GaLea et al. (2007)
Brazil (RJ-RS)
Garveia franciscana (Torrey, 1902) 25.0 Spr, Sum, Aut | North Atlantic, Gulf of Mexico, MepeL & Lopez-GonzaLes (1996),
West Africa, India, North Pacific, MicoTTo et al. (2002), Cairns et al.
Mediterranean Sea, Australia, (2003), Neves & RocHa (2008)
Brazil PE-PR)
Lafoeina amirantensis (Millard and 1.7 Spr, Sum C  Mid-Atlantic Ridge, Easter Atlantic, CaLper & VervoorT (1998), MicoTTo et
Bouillon, 1973) Pacific, Indian Ocean, Panama, al. (2002); Caper & KIRKENDALE (2005)
Bermuda, Mediterranean, Brazil
(PE, RJ, PR,SC)
Obelia bidentata (Clarke, 1875) 26.7 Spr, Sum, Aut C  Circumtropical, West and East CaLDER (1988), Monica D. Correia &
Atlantic, Indian Ocean, West and  Jayme L. Silva, (pers. comm. 1990),
East Pacific, Brazil (PE, RJ-SP, PR) MicotTo et al. (2002)
Obelia dichotoma (Linnaeus, 1758) 77.5 Spr, Sum, Aut C  Cosmopolitan, Brazil (ES-PR, RS)  CaLper (1988), MicoTTo et al. (2002),
GaLea et al. (2007)
Pennaria disticha (Goldfuss, 1820) 15.0 Spr, Sum, Win C  Atlantic, Pacific, Indian Ocean, CaLDer (1988), MicoTTo et al. (2002),
Brazil (CE, PE, FN, BA-SC) SHIMABUKURO et al. (2006)
Turritopsis nutricula (McCrady, 1857) 7.5 Spr, Win C  Atlantic, Pacific, Indian Ocean, CaLper (1988), MicotTo et al. (2002)
Brazil (PE, BA-SP, RS)
Bryozoa
Aetea sp. 20.0 all N Brazil Leandro M. Vieira (pers. comm. 2011)
Biflustra arborescens (Canu & Bassler, 30.8 all C  Atlantic, Pacific Ocean, WinsToN (2005), Viera et al. (2008)
1928) Mediterranean, Brazil (R], SP, PR, SC)
Biflustra denticulata (Smitt, 1873) 18.3 Spr, Sum C  East Pacific, United States (Gulf of Winston (2005), MonTtoya-Cabavip et
California and Cape Hatteras), al. (2007), Viera et al. (2008)
Colombia, Brazil (ES, SP, PR, SC)
Synnotum sp. 6.7 Sum, Win N Brazil Leandro M. Vieira (pers. comm. 2011)
Crustacea - Cirripedia
Amphibalanus amphitrite (Darwin, 1854) 29.2 Spr, Sum, Aut I Cosmopolitan, Brazil (AP-RS) FarrAPEIRA (2009), CarLTON et al. (2011)
Amphibalanus eburneus (Gold, 1841) 2.5 Spr, Sum C  Cosmopolitan, Brazil (PE, R], SP, PR) FarraPERA (2009)
fg;;;i;lbalanus improvisus (Darwin, 30.0 Spr, Aut C  Cosmopolitan, Brazil (CE-RS) FARRAPEIRA (2009)
Amphibalanus reticulatus (Utinomi, 1967) 24.2 Spr, Sum, Aut | Circumtropical, Brazil (PE, BA, RJ-SC) Farrareira (2009)
Balanus trigonus (Darwin, 1854) 25.8 all | Cosmopolitan, Brazil (AP-RS) APOLINARIO (2002), ORrensaNz et al.
(2002), Zuwo (1992), CarLToN et al.
(2011)
Megabalanus coccopoma (Darwin, 16.7 Spr, Sum, Aut | United States (East coast), Gulf of  ApoLiNARIO (2002), FArrAPEIRA et al.
1854) Mexico, Belgium, Northeast (2007)
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Table I. Continued.

V)
Taxons Frequency % Season 0f1 Status? Geographical distribution Reference
(n=120) occurrence
Striatobalanus amaryllis (Darwin, 1854) 43.3 Spr, Sum, Aut | Cosmopolitan, Brazil (PI, PE, BA, PR) Farrareira (2009)
Mollusca - Bivalvia
Arcinella brasiliana (Nicol, 1953) 0.8 Sum N Endemic to Brazilian coast (BA-RS) Rios (1994)
Atrina seminuda (d"Orbigny, 1846) 0.8 Sum N United States (North Carolina- AssoT & Morris (1995)
Texas), Argentina, Brazil (all)
Bathyarca pectunculoides (Scacchi, 23.3 Spr, Sum, Aut C  Artic, Atlantic Ocean (N, SW, AmaraL et al. (2005), Huser (2010)
1833) Caribe), West Mediterranean,
European Waters, Brazil (SP)
Paraleptopecten bavayi (Dautzenberg, 1.7 Spr N  Colombia, Venezuela, Caribe, Rios (1994)
1900) Uruguai, West Indies, Brazil (AP-RS)
Lunarca ovalis (Bruguiére, 1789) 2.5 Spr N United States, Caribe, Venezuela, Rios (1994), AmaraL et al. (2005)
Suriname, Uruguai, Argentina,
Brazil (AP-RS)
Musculus viator (Orbigny, 1846) 48.3 Spr, Sum, Win N Uruguay, Argentina, Brazil (SC, PR) Monica D. Correia & Jayme L. Silva
(pers. comm. 1990)
Mytella guyanensis (Lamarck, 1819) 8.3 Spr, Sum, Aut N  México to Peru, Venezuela to Brasil Rios (1994)
Pteria colymbus (R6ding, 1798) 29.2 Spr, Sum, Aut N United States (North Carolina- Rios (1994)
Florida, Texas), West Indies,
Bermuda, Venezuela, Brazil (all)
Sphenia fragilis (Adams & Adams, 26.7 Spr, Sum, Win N  Texas, Puerto rico, Suriname, Brasil Rios (1994)
1854) (CE-SC)
Mollusca - Gastropoda
Anachis lyrata (Sowerby, 1832) 0.8 Sum N West Costa Rica to Panama, Cuba, Rios (1994)
Central America to Brazil (CE-SC)
Astyris lunata (Say, 1826) 0.8 Sum N United States (North Carolina- Rios (1994)
Florida, Texas), West Indies,
Bermuda, Venezuela,Brazil (CE-SC,
Abrolhos Is., Vitéria Seamount)
Polychaeta
Eunoe serrata (Amaral & Nonato, 1982) 9.2 Spr, Win N Brazil (SP, PR) AmaraL et al. (2012)
Tunicata
Ascidia tenue (Monniot, 1983) 2.1 Spr, Sum | Atlantic Ocean (Bermudas, BonnNET & RocHa (2011)
Guadeloupe), Brazil (BA, SP, SC)
Botryllus tuberatus (Ritter & Forsyth, 1.7 Sum, Aut C  West and East Pacific, West RocHa & Kremer (2005)
1917) Atlantic, Brazil (RN, PE, AL, R, SP,
PR, SC)
Diplosoma listerianum (Milne-Edwards, 5.8 Aut, Win C  Cosmopolitan, Brazil (BA-SC) RocHa & Kremer (2005)
1841)
Molgula phytophila (Monniot, 1970) 33 Sum N Brazil (R]-SC) RocHa & Kremer (2005), RocHA &

Moreno (2000)

! Seasons of occurrence: (Spr) Spring, (Sum) Summer, (Aut) Autum, (Win) Winter. 2 Status: (I) introduced, (N) native, (C) cryptogenic. 3 First occurrence in

Parana in bold type.

the plates varied between seasons. The structures were deployed
on 1 October (spring, 100 days, 40 plates), 15 January (sum-
mer, 75 days, 40 plates), 31 March (autumn, 97 days, 30 plates)
and 7 July (winter, 119 days, 10 plates).

Upon collection, plates were treated for two hours with
a menthol solution in seawater for relaxation of the fauna and
subsequently fixed in 4% formalin. Upon taxonomic identifi-
cation, species were classified as native, introduced or crypto-
genic, based on criteria previously described and observed in
other regions, such as original and present geographical distri-
bution, exclusive or increased presence on artificial substrates,

discontinuous or restricted regional distribution and rapid dis-
persion in a region (CHapMAN & CaArLTON 1991, CarLroN 1996).
Among the vagile fauna only a few gastropods and polychae-
tes were examined.

RESULTS

Of the 62 taxa found, 40 were identified to species, 14 of
which were native, nine were introduced and 17 were crypto-
genic (Tab. I). All species were invertebrates previously reported
in Brazil. Macroalgae were not found during the study. The
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native species were mostly bivalves (Mollusca): Arcinella
brasiliana, Atrina seminuda, Paraleptopecten bavayi, Lunarca ovalis,
Musculus viator, Mytella guyanensis, Pteria colymbus, Sphenia
fragilis; and gastropods: Anachis lyrata, Astyris lunata. Other
native species included Molgula phytophila (Ascidiacea), Eunoe
serrata (Polychaeta), and the undescribed species Aetea sp. and
Synnotum sp. (Bryozoa).

Most of the introduced species have been reported in
Parand, such as the historically introduced octocoral Carijoa
riisei, the hydrozoan Garveia franciscana, the barnacles
Amphibalanus amphitrite, Amphibalanus reticulatus, Balanus
trigonus, Megabalanus coccopoma and Striatobalanus amaryllis.
We also found Ascidia tenue which was first recorded in the
state of Parana in Bonner & RocHa (2011) and has also been
found in Santa Catarina, Sao Paulo, and Bahia (Tab. I). The
octocoral Stragulum bicolor belongs to a new, recently reported
genus (VAN OrweGEN & Happap 2011, Tab. I).

Most of the species were classified as cryptogenic due to
the lack of historical distribution information. Hydrozoans
comprised the majority of this category (10 among 11). Sev-
eral cryptogenic species were found for the first time in Parana,
such as the hydrozoan Turritopsis nutricula and the bivalve
Bathyarca pectunculoides as well as the hydrozoans Bimeria vestita,
Corydendrium parasiticum and Dynamena dalmasi (Tab. I).

Species composition varied throughout the year, with
some species being restricted seasonally while others were not.
Eight introduced species occurred during the spring, eight in
summer (despite the shorter interval during which panels were
in the water), seven in autumn and one in winter. The octocoral
C. riisei was restricted to autumn plates, while A. tenue was found
during both spring and autumn. Only B. trigonus was found in
all seasons. The remaining introduced species were found in
all seasons except winter.

The most frequently encountered species was the cryp-
togenic Obelia dichotoma, found on 78% of the plates, followed
by the cryptogenic species, Biflustra arborescens (31%),
Amphibalanus improvisus (30%), O. bidentata (27%) and B.
pectunculoides (23%). The most frequent native species (> 20%)
were M. viator (48%), P. colymbus (29%), S. fragilis (27%) and
Aetea sp. (20%), The most common introduced species (> 20%
of plates) were S. amaryllis (43%), A. amphitrite (29%), B. trigonus
(26%), G. franciscana (25%), and A. reticulatus (24%, Tabl. I).
Stragulum bicolor occurred on 15% of the plates, while C. riisei
and A. tenue were found on < 5% of the plates.

DISCUSSION

Non-indigenous species are on the inner continental shelf
of Parand and colonize mobile artificial substrates, even though
the study area was ~40 km from the port of Paranagua. Of the
species colonizing these plates, 43% were cryptogenic and 23%
were introduced. In Paranagua Bay, the estuarine in which the
port is located, 16% of the species were introduced (CANGUSsU
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et al. 2010). Another comprehensive study found that 16% of
species were introduced in Ilha Grande Bay on both artificial
and natural substrates (IeNacio et al. 2010). These proportions
of introduced species were greater than those reported in
Sepetiba Port in the state of Rio de Janeiro (2%) (Crarke et al.
2004) and some ports in Australia: Darwin (< 1%), Port Hedland
(3%) and Mackey (3%) (Hewrrr 2002). The main difference is
that the former studies only included sessile communities while
the latter included soft sediments, seagrass or macroalgal beds
and plankton. Those results suggest that hard substrates may
be more easily invaded than other habitats. Introduced species
were also among the most common species colonizing the
polyethylene plates in our study: of the 14 species occurring in
more than 20% of the plates, six were introduced.

The first study of the fouling community in Paranagua
Bay in 1987-88 found 35 species, among which two are now
considered historical introductions (the anthozoan C. riisei and
the bivalve Perna perna) and two more are recent introductions
(the ascidians Diplosoma singulare and Styela plicata) (Monica
D. Correia & Jayme L. Silva, pers. comm. 1990). The number of
introduced species has continued to rise since that study. Some
species probably arrived later as they were first found only af-
ter the year 2000: the hydrozoan G. franciscana, the octocoral
Stragulum bicolor (van OrweGeN & Happap 2011), both found in
this study, and the tunicate Sidneioides peregrinus (KReMmer et al.
2011). A greater understanding of the historical distribution of
the organisms also lead to reclassification, increasing the num-
ber of introduced species: the barnacles previously considered
cryptogenic A. amphitrite and B. trigonus (Cancussu et al. 2010)
are now considered introduced here (Cartron et al. 2011). In
contrast, Brazilian records of the bryozoans Aetea anguina and
Synnotum aegyptiacum that should be classified as cryptogenic
based on their wide geographical distribution, belong to new
undescribed species native to Brazil (Leandro M. Vieira, pers.
comm. 2011). A better taxonomic resolution of many groups
or detailed genetic studies including populations throughout
the geographical distribution of the species will be helpful to
reveal both introduced and native species where they have been
previously considered cryptogenic.

Species classified as cryptogenic in this study comprised
mainly hydrozoans and bryozoans, which are usually small
cryptic organisms for which certain identification requires ex-
perts. In this case, the lack of previous records is usually due to
the lack of study rather than being new introductions. Indeed,
two of the cryptogenic species in our list are reported for the
first time in the state of Parana (the hydrozoan T. nutricula and
the bivalve B. pectunculoides) and three are first records in south-
ern Brazil (the hydrozoans B. vestita, C. parasiticum, and D.
dalmasi), indicating either that these species have spread, or
they were previously not found due to lack of study.

The recent record of A. tenue in the state of Parana comes
from samples taken in the present study (BonneT & RocHa 2011)
and it was not found in a previous survey on natural substrates
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in Currais Island (2 km from the experiment) (RocHA & Faria
2005, RocHa & Kremer 2005). Known from Bermuda and
Guadeloupe, where it is not very abundant, its occurrence in
Brazil is also very spotty, with few individuals found in the
states of Bahia, Sao Paulo, Santa Catarina and Parana (BoNNET
& Rocha 2011). Therefore, this species probably does not sug-
gest a great risk of establishment and invasion of natural com-
munities. The other two ascidians found are also known from
Currais Island (RocHa & Faria 2005). As in the natural substrates,
the cryptogenic Botryllus tuberatus and the native M. phytophila
were uncommon on the plates.

The introduced octocoral Stragulum bicolor is a recently
described genus and species and has only recently been found
in Brazil in shallow waters of the states of Cear4, Rio de Janeiro,
Sao Paulo, Parana and Santa Catarina (vaN OFweGEN & HADDAD
2011). The suspected invasive nature of the species has since
been supported by past and recent data and many observations
collected in benthic environments in coastal Brazil (vaN OFWEGEN
& Happap 2011). In Parana S. bicolor was found in Paranagua
Bay either on artificial substrates, such as polyethylene plates
and pontoons, as well as natural substrates near Cotinga Island.
Also, S. bicolor was found away from the estuaries, on intertidal
beach rocks at Itapoa (at the neighbor state of Santa Catarina),
nearly 50 km south of Guaratuba Bay (van OrweGeN & HappAD
2011). The behavior of S. bicolor is that of an invasive species,
including rapid colonization on artificial substrates in and near
ports, followed by colonization of natural beach rocks along the
coast (vaN OrweGeN & Happap 2011). In this study, we often found
S. bicolor, in 15% of the plates, during spring and summer. Its
frequency on different substrates also suggests recent introduc-
tion, as well as a risk of establishment on natural substrates. In
contrast, the other octocoral, C. riisei, was introduced in the
Atlantic long ago (ConcepcioN et al. 2010) and was present in
only 3% of samples and only in autumn. In Paranagua Bay, C.
riisei was first found in 1987 in samples taken from acrylic sub-
strates (Monica D. Correia & Jayme L. Silva, pers. comm. 1990)
and, later, on polyethylene plates between 2007-2008 (CANGUSSU
et al. 2010). Although not reported in the literature, it also oc-
curs on natural substrates in Currais Island (JAB, unpub. data).

The hydrozoan G. franciscana was first reported in
Paranagua Bay in 2004 (Neves et al. 2007). In comparisons of
submerged concrete and floating structures, G. franciscana may
colonize both fixed and floating substrates (RocHa et al. 2010),
but, in either case, the species was very rare. This species was
more common on granite plates during warmer periods
(Cangussu et al. 2010). In this study, it was one of the most
common, suggesting that the off shore marine environment
favors this hydrozoan.

Barnacles comprised five of the nine introduced species
reported. All introduced species may be considered common
(>15%) and their occurrence on artificial substrates was ex-
pected because barnacles easily colonize different artificial sub-
strates (FArraPEIRA 2009) and have been extensively introduced

to new regions mainly by ship traffic for many years (CarLTON
et al. 2011). Amphibalanus amphitrite, A. reticulatus, B. trigonus,
A. eburneus and A. improvisus are the most common species
reported in shipping records and all have been introduced
around the world (Carcron et al. 2011). The last two are provi-
sionally regarded as cryptogenic in Brazil, but they may be
native to the northern Atlantic Ocean and then introduced in
the southern Atlantic (CarrroN et al. 2011). Thus, due to the
ease of introductions, these species require additional atten-
tion, especially the very common (in 30% of our samples) A.
improvisus, with the widest range of vectors (Carcton ef al. 2011).
Amphibalanus reticulatus has been recently reported in Parana
(NEves et al. 2007) and, similar to A. amphitrite, is already quite
abundant and colonizes many kinds of substrates (Cancussu et
al. 2010).

Balanus trigonus was first collected in Paranagua Bay in
1987-88 (Monica D. Correia & Jayme L. Silva, pers. comm.
1990). In a subsequent study using granite and polyethylene
plates, it colonized only granite, in low frequencies, restricted
to the colder periods (Cancussu et al. 2010). In Rio de Janeiro,
the species was abundant on natural and even more so on arti-
ficial substrates (IgNacio et al. 2010). In this study, B. trigonus
was frequent on the polyethylene plates throughout the year.

The less common introduced barnacle was M. coccopoma,
recently found in Parand colonizing granite and polyethylene
surfaces. While less common in Paranagua Bay, when found, it
was mainly on mobile substrates (Cancussu et al. 2010, RocHa
et al. 2010). In contrast, in Santa Catarina, it was abundant on
polyethylene plates in very shallow water (~1 m), and consid-
ered a potential invasion (RMR unpublished data). Elsewhere
in Brazil, it is commonly found on exposed rocky shores and
on offshore structures (SiLvelra et al. 2006). We expected M.
coccopoma to be more abundant on our plates.

Striatobalanus amaryllis was first reported in northern and
northeastern Brazil in 1987 (Young 1989, 1998), and occasion-
ally on artificial substrates in Paranagua Bay in 2004 and 2007
(NEvEs et al. 2007, Cancussu et al. 2010). It was the most fre-
quent barnacle in this study (43%) and has been found on natu-
ral rocky shores in Paranagua Bay (Carcton et al. 2011). Thus,
southern range expansion seems to be continuous for this spe-
cies and requires special attention to its establishment and
possible occurrence in southern sites.

It is interesting to note that no native barnacle species
was found, which suggests that the artificial substrate favored
colonization by non-native barnacles. In contrast, all mollusks
were native species, except for the cryptogenic B. pectunculoides
that was frequent in the samples (23%).

Most studies of NIS take place in harbors, where many
invasive species are expected to be found (Wasson et al. 2005).
Today, with the rapid spread of NIS in all marine ecosystems,
adjacent open-ocean areas must also be considered to be po-
tentially threatened. In a recent comparison, port and non-
port sites in California had very similar NIS and which may be
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explained by introductions due to local vessels and aquacul-
ture as well as natural dispersal by larvae (Couen et al. 2005).

The introduced species found in this study are similar to
those found in an estuary with an international port (RocHa &
KreMer 2005, NEves et al. 2007, Neves & RocHa 2008, CANGUSssU et
al. 2010, RocHa et al. 2010). These patterns of introduction sug-
gest the following: 1) Ecological processes in the inner shelf off
the state of Parana are influenced by estuaries. Epilithic coloni-
zation in the study area is probably a direct consequence of con-
tinental drainage, given that it is one of the main processes of
larval dispersal. Larval dispersal potential varies among taxo-
nomic groups and very large dispersal distances are common
(Reep et al. 2000). For example, larvae of the wood boring
Teredinidae, typical of mangrove ecosystems, have been found
112 km offshore in Parana during periods of greater rainfall (Juan
Ugaz-Codina, pers. comm. 2003). 2) The study area is near freight
ship traffic routes as they enter and leave the port (JAB, pers.
obs.). 3) Other local vectors, including fishing and recreational
boat hulls, contribute to the regional spread of marine intro-
duced species. Important economic activities include artisanal
fishing, aquaculture, and ecological tourism in coastal Parana.
For example, a fleet of of 1,678 fishing boats in Parana of many
kinds of materials, including aluminum, plywood, fiberglass and
wood, is working constantly off shore (ANpriGUETTO-FILHO et al.
2006). In one small part of the region, in the city Pontal do
Parana, there are more than 20 marinas and 1,200 registered
recreational boats. These boats travel through both, the estuar-
ies and the open sea, thereby connecting coasts, islands and
marinas, increasing the probability that NIS will be transported
to an increasing number of habitats (Murray et al. 2011). 4) Sta-
tionary, artificial, hard substrate reefs may also favor exotic spe-
cies by increasing local sources of exotic propagules to colonize
natural habitats (Grassy et al. 2007, TyreLL & Byers 2007, IgNAcio
et al. 2010). This possibility is controversial and requires addi-
tional study. Although artificial reefs have been built on the shal-
low continental shelf of Parana for more than 10 years, no study
of the influence of these reefs on NIS has been carried out. The
fouling community of concrete modules near Currais Islands
was analyzed, but without focusing on introductions (BrRANDINI
& Siva 2011). Of the resulting list of species, only Diplosoma
listerianum and C. riisei are introduced. That result is incomplete,
however, because most taxa were not identified to species. Hence,
the artificial reefs of the state of Parana require particular atten-
tion to assess their effect on species introduction.

Here we have shown that, estuaries are not unique in
supporting introduced species because NIS may also be com-
mon in the open sea where they are likely to colonize mobile
substrates. Additional, more extensive study that include natu-
ral substrates should be a priority in this region, because of the
few records of the benthic fauna of natural rocky substrates in
the state of Parana. It is imperative that we know the encrust-
ing community to monitor the establishment of NIS on natu-
ral substrates and possible impacts on the native community.
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