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ABSTRACT

Different substrates of varying composition, colexture and orientation may selectively influence
recruitment of sessile invertebrates and thereliyence the resultant community. Thus substrates
may act as a barrier to the establishment of ndigémous species (NIS). In southern Brazil, granite
is the main rock forming natural rocky walls the¢ available for encrusting organisms. In this gtud
we tested whether granite selectively influencesuiement and impedes colonization by introduced
and cryptogenic species that are already establisheartificial substrates within the region. Pate
of rough cut granite and of polyethylene were madhilable each month under a pier at a yacht club
in Paranagua Bay. A community is already estaldisireconcrete columns and fiber glass floats on
the piers. After one, two and twelve months, thenéd composition of the plates was compared
between the two treatments and other artificialsialtes. Granite was recruited by all the seven
introduced species found in the Bay and by 18 ofrgftogenic species and therefore is ineffective
as a barrier to NIS colonization.

Resumo

Substratos de diferentes materiais, cores, texeirasentacdo podem influenciar seletivamente no
recrutamento de invertebrados sésseis e, assimeriofar a comunidade resultante. Deste modo, o
substrato pode funcionar como barreira contra abetcimento de espécies ndo nativas (NIS, na
sigla em inglés). No sul do Brasil, o granito éragpal rocha formadora de costées rochosos
naturais disponiveis para organismos incrustamNesta investigacdo, nés testamos se o granito
seleciona o recrutamento de espécies e se podesan, impedir a colonizagdo de espécies
introduzidas ou criptogénicas ja estabelecidas @rstsatos atrtificiais na regido. Placas ndo polidas
de granito e de polietileno foram submersas a ca@s em um pier de um iate clube na Baia de
Paranagua. Ha uma comunidade ja estabelecida sohmeas de concreto e sobre flutuadores de
fibra de vidro presentes no iate clube. Depois mie dpis e doze meses, as espécies presentes nas
placas de diferentes materiais foram comparadas sn¢ também com outros substratos. O granito
foi colonizado por todas as sete espécies intrddszncontradas na regido, e por 18 das 26 espécies
criptogénicas, sendo entéo ineficaz como barreinéra a colonizacéo de NIS.

Descriptors:Introduced species, Recruitment, Bioinvasion, Au@f substrata, Granite, Estuaries,
Conservation, Paranagua Bay.

Decritores: Espécies introduzidas, RecrutamentoinBaséo, Substrato artificial, Granito, Estuéario,
Conservagao, Baia de Paranagua.

INTRODUCTION NIS, when arriving in a new environment,
are subject to the availability of local resourdes
Non-indigenous marine species (NIS) ardheir ;urvival and subsgquent establishr.n.e.nt of
continuously spread throughout the world by huma‘populatlons..Adverse.condltlons or resource linotat
maritime activities and constitute one of the majofh@y e barriers that impede the establishment &£ NI
global changes associated with the oceans (RUIZ EOT benthic sessile organisms, space for attachment
al., 1997). Ship transport is a known vector with aglon @1d growth is one of the main limiting resourcest th
history of dispersal of species throughout the psga MY Prevent a species from becoming established.

a variety of ways: in ballast water, encrusted atish _In coastal  environments,  humans
and in sea chests (COUTTS et aD03). continuously build new structures and add artificia

hard substrates that remain immersed and, therefore
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available for attachment by encrusting organismsshould be considered when comparing natural and
Such structures are usually made of concrete, wooditificial substrates (GLASBY, 2000). In this study,
PVC, other plastic materials, fiberglass and so orwe test whether granite, the natural substrateciyr
Recent studies find that these structures are a@dni marine habitats in southern Brazil, acts as a sedect
first by NIS and act as stepping stones for thdarrier to recruitment, thereby reducing colonati
colonization of natural habitats (CONNEL andby introduced or cryptogenic species. The experimen
GLASBY, 1999). On the other hand, even ifwas carried out over one year to include temporal
established on artificial substrates, NIS may onlyariation in the recruitment process.

become a threat to natural communities once they

colonize natural substrates. MATERIAL AND METHODS
Substrates themselves can favor Study Area
establishment of certain species because of their . .
chemical composition (BAVESTRELLO et al., 2000; Substrate plates in two different treatments

GLASBY and CONNEL, 2001; KNOTT et al2004; were placed at the Paranagua Yacht Club, in the
ANDERSSON et al., 2009), color, texture (SKINNER'UDETé river near its: mouth in Paranagua Bay
and COUTINHO, 2005; FLORES and FAULKNES, (25°31'S, 48°30'W, Fig. 1). Paranagua Bay is pad of
2008), depth and orientation. Thus, substrati’9€ estuarine complex in the southern Brazilian
characteristics may be barriers to colonizatiorNpy, ~ coastal states of Parana and Sao Paulo. This iestuar
thereby preventing their invasion. Different suagtr SYStem is connected to the sea by three chaniels, t
characteristics may be associated with differenf@n one located close to Mel Island (LANA e, al
species compositions or abundances (GLASBY, 2006:091). Water C|(culat|on and stratllflcatlon pattern.
CONNELL, 2001; BULLERI and CHAPMAN, 2004; Mside Paranagua Bay change during the year, with
BULLERI, 2005; STACHOWICZ et al 2007). On the Variation in salinity (12 - 29 in summer, 20 - 34 i
other hand, recruitment by some NIS is possibleon Winter), and temperature (23 - 30°C in summer, 18 -
large variety of substrates and this opportunisnd® C in winter) (LANA et al.2001).

permits their successful invasion (CREED and The Itiberé River skirts the city of
PAULA, 2007). Paranaguéd, separating Valadares Island from the

Concrete columns, floating fiberglass angcontinent. Its margins were originally mangrove

floating hulls comprise distinct habitats each vitigir  SWamps that were destroyed as a result of the
own communities of different species (NEVES et al.8xPansion of the city (CANEPARO, 2000). Now only

2007). However, temporal variation as part of theémall mangrove forest fragments remain, the roéts o
wider picture is unknown here, but it has been show"Vhich, along with the columns of many piers, are
to exert an important influence on communities an§Overed by encrusting communities.
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Fig.1. Map of Paranagua Bay showing location ofigtarea and of the port of
Paranagua. In the detail the map of Brazil showliegstate of Parana.
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The Yacht Club has two main piers with a ResuLTs
central walkway supported by concrete columns and
lateral floating fiberglass docks, covered with woo A total of sixty-two taxa were found. Of

The international port of Paranagua, the moshese, 44 species were identified, eight of whigtew
important port in southern Brazil, is less than 1 kihative, seven were introduced, three nhistorically
from the Yacht Club. As larger ships became morgytroduced and 26 were cryptogenic (Table 1). The
frequent, the port was forced to move from the Wty native species to Paranagua Bay wéistulobalanus
its current location in 1935 (GODOY, 2000). citerosum (Cirripedia), Nicolea uspiana,
Pseudobranchiomma paulistaand Branchiomma
patriota (Polychaeta)Mytella charruana Crassostrea
Each month, 10 plates (23.0 x 11.5 cm) ofhizophorae and Ostrea puelchanaBivalvia), and
rough-cut granite and six plates (14 x 14 cm) etkl Molgula phytophila (Ascidiacea). The Brazilian
polyethylene plastic were hung from the floatingendemics includeNicolea uspiana,P. paulista, B.
docks at the Yacht Club from March/2007 topatriotaandM. phytophila the first three of which are
February/2008. Bricks were attached to each rope Bere reported for the first time in Parana.
1.5 m depth to maintain the plates in a verticaiifoan Fistulobalanus citerosumoccurs, in Brazil, from
and reduce the influence of tidal drag. One moftgra Pernambuco to Rio Grande do Sul. The bivalve
plates had been submerged they were removed fropyielchanaoccurs along the southeastern and southern
the water, photographed (granite) or examined uadercoasts, whileM. charruanaand C rhizophoraeare
stereomicroscope (plastic), and then replaced éir th more widespread (Table 1).
previous positions, where they remained for another ~ Of the introduced species, the octoc&atijoa
month (i.e., for a total of 2 months). Also, at thefiisei, the bivalve P. perna and the barnaclem.
beginning of the experiment, another 10 granite antintinnabulum were probably introduced into Brazil
six plastic plates were put in place where theyong ago and are now considered naturalized. The
remained for an entire year. Upon collection, mlatepolyp of the hydroidH. carneaand the serpulidi.
were fixed in formalin 4% after treatment in seaava Sanctaecrucisare here reported for the first time in
with menthol crystals for 2 h. Plastic and grapi@tes Southern Brazil. The other introduced species iredud
were on the same ropes, and so had a slight differe the hydrozoanGarveia franciscana the barnacles
in depth, but both were always submerged. Amphibalanus reticulatus, Megabalanus coccopoma
and Striatobalanus amaryllisand the ascidiaStyela
plicata, of which onlyM. coccopomavas previously
Species were counted on the exposednknown in Paranagua Bay (Table 1).
surfaces of the granite plates in 15 squares of arf Most of the species were classified as
grid, equivalent to 30% of the total plate areae@gs  cryptogenic due to the lack of historical distributl
were counted on plastic plates in 21 squares afta linformation. Many have wide geographical
cn? grid (21% of the total plate area). Specialists fodistribution with unknown native ranges or disjunct
eachtaxon were provided with voucher samples forpopulations. This category comprises nine
their identification. Species were classified ativea hydrozoans, one anthozoan, seven bryozoans, one
introduced or cryptogenic, following the literature bivalve, one polychaete, four barnacles and three
based on their origin and current geographicahscidians (Table 1).
distribution (CARLTON, 1996) and on other criteria, Species did not occur synchronously on the
such as presence on artificial substrates, ports agranite plates, but rather some were restrictec to
marinas, disjointed distribution and rapid dispensin ~ single month while others appeared throughout the
a region (CHAPMAN and CARLTON 1991, 1994). year (Table 2). At least one introduced species
Historical data regarding encrusting species in theppeared on granite plates each month: in summer
region are relatively recent, with the oldest study Garveia franciscana, Amphibalanus reticulatasd
fouling communities dating from 1987-88 (CORREIA Striatobalanus amaryllisin the fallA. reticulatusand
and SILVA, 1990). We compared our list of speciedMegabalanus coccopomn winter A. reticulatus M.
with those of the latter study and with those oftoccopomaand Styela plicata in the spring H.
NEVES et al (2007) and NEVES and ROCHA (2008) sanctaecrucis, A. reticulatugnd S. plicata Rare
to better understand the recent invasion historthef species were found on ¥0% of the plates, while
Bay and evaluate the ability of each species toommon species were found on all plates.
colonize different types of substrates.

Field Experiment

Plate Analysis
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Table 1. Taxa found at Paranagua Yacht Club onitgramd polyethylene plates in the years 2007-2008)
introduction status and geographical distribution.

t

Taxa | Status | Geographical distribution References
Porifera
Porifera sp. 1 - -
Porifera sp. 2 - -
Hydrozoa
Bouganvillia muscugAllman, 1863) C Atlantic, Pacific, Indian Oceanghliterranean, Calder, 1988; Migotto et al
Brazil (RJ- PR) 2002
Clytia gracilis (M. Sars, 1850) C Circumglobal, Atlantic, IndiamdaPacific Millard, 1975; Migotto et al
oceans, Brazil (PE, ES-PR, RS) 2002
Clytia linearis(Thornely, 1899) C Western and Eastern Atlantidjdn Ocean, Calder, 1988; Migotto et al
West and East Pacific, Brazil (ES, SP, PR) | 2002
Ectopleura dumortier{Van C Cosmopolitan, Atlantic Ocean, Mediterranean Migotto, 1996; Migotto et al
Beneden, 1844) Sea, North Sea, Brazil (RJ-RS) 2002; Galea et a2007
Eudendrium carneur@larke, 1882 C Atlantic, Indian Ocean, East Pacifidarion | Calder, 1988; Migotto et al
Island, Brazil (FN, PE, BA-SC) 2002
Garveia franciscand orrey, 1902 | North Atlantic, Gulf of Mexico, We&éfrica, Medel and L6opez-Gonzales,
India, North Pacific, Mediterranean Sea, 1996; Migotto et al 2002;
Australia, Brazil (PE, PR) Cairns et al., 2003; Neves an
Rocha, 2008
Hydractiniacarnea(M. Sars, 1846) | Cosmopolitan, Brazil - only medistage (SP,| Migotto et al, 2002; Cairns et
PR), al., 2003; Bisby et al., 2005
Obelia bidentateClarke, 1875 C Circumtropical, West and East Atgrindian | Calder, 1988; Correia and
Ocean, West and East Pacific, Brazil (PE, RJ- Silva, 1990; Migotto et al
SP, PR) 2002
Obelia dichotomdLinnaeus, 1758) C Cosmopolitan, Brazil (ES-PR, RS) Calder, 1988; Migotto et al
2002, Galea et al2007
Pinauay crocedAgassiz, 1862)(P. C Atlantic, Indian Ocean, South Africa, Brazil | Millard, 1975; Migotto et aJ.
ralphi Bale, 1884) (ES-RS) 2002
Plumularia floridanaNutting, 1900 C Cosmopolitan, Brazil (PE, ES-SP) Idég 1997; Migotto et al
2002
Tubulariidae (1 species) - -
Anthozoa
Actiniaria - -
Aiptasia pallida(Verrill, 1864) C United States, Gulf of Mexico, &il (RN, PE, | Gomes and Mayal, 1997,
BA-SC) Schlenz et a] 1998;
Diadumenesp. - -
Clavulariidae (1 species) - -
Carijoa riisei (Duchassaing and HI Circumtropical, Brazil (AP-SC) Concepcion et2@10
Michelotti, 1860)
Bryozoa
Alcyonidiumsp. - -
Biflustra denticulata(Busk, 1856) C East Pacific, United States (Gulf of CaliforniaWinston, 2005; Montoya-
and Cape Hatteras), Colombia, Brazil (ES, $SPCadavid et a) 2007; Vieira et
PR, SC) al., 2008
Bugula neritina(Linnaeus, 1758) C Cosmopolitan, Brazil (RJ, SR, 8C) Orensanz et al., 2002;
Ramalho et al., 2005; Wyatt e
al., 2005; Vieira et al., 2008
Bugula stolonifereRyland, 1960 C Cosmopolitan, Brazil (RJ, SP) Caemt al., 2002;
Ramalho et al., 2005; Wyatt €|
al., 2005; Vieira et al., 2008
Conopeum reticulur(Linnaeus, C Cosmopolitan except polar regions, Brazil Vieira et al., 2008
1767) (ES-SC)
Conopeum sp - -
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Table 1. Continuation.

Taxa Statusl | Geographical distribution References
Electra tenellaHincks, 1880) C United States (Florida), PuertodRi Winston, 1982; Badve and
Colombia, Mediterranean, India, Japan, New Sonar, 1995; Streftaris et al
Zeland, Brazil (SP, PR) 2005; Montoya-Cadavid et.al
2007; Vieira et al., 2008
Hippoporina verrilli Maturo and C West Atlantic, East Pacific, Galapagos, Brazil Winston, 1982; Vieira et al.,
Schopf, 1968 (SP, PR) 2008
Sinoflustra annaeQsburn, 1953) C United States (Florida, Texas,fQaiia), Hastings, 1930; McCann et
Canada (Vancouver, Queen Charlotte Islands)al., 2007; Vieira et al., 2008
Panama, West Africa, Japan, Brazil (SP, PR
Ctenostomata (1 species) - -
Bivalvia
Brachidontessp. - -
Crassostrea rhizophora@uilding, N Venezuela, Suriname, Uruguay, Brazil (AP- | Rios, 1994
1828) RS)
Hiatella sp. - -
Musculus laterali{Say, 1822) C United States (North Carolina-TexXas)st Rios, 1994
Indies, Brazil (PE-SC).
Mytella charruanaOrbigny, 1842) N Mexico, Ecuador, Galapagos, Verds, Rios, 1994; Junqueira et al.
Suriname, Brazil (PB-PR), Uruguay, 2004
Argentina,
Ostrea puelchana N Brazil (RJ-RS), Argentina Rios, 1994
Orbigny, 1841
Perna perngLinnaeus, 1758) HI Mediterranean, Senegal, Séifitica, Brazil Rios, 1994
(ES-RS).
Polychaeta
Branchiomma patrioté&Nogueiraet N Brazil (SP) Nogueira et al., 2006
al., 2006
Hydroides sanctaecrucksrgyerin | Dutch Antilles, French Guiana, Haiti, Gulf of | Hayes et al., 2005; Lewis et
Morch, 1863 Mexico, Panama; Mexico (Pacific coast), al., 2006
Hawaii, Australia, Brazil (PR)
Neanthe<f. succineaFrey and C Cosmopolitan, Brazil (RJ-PR, RS) Fauchald, 1977
Leuckart, 1847)
Nicolea uspianaNogueira, 2003 N Brazil (PE, SP) Nogueira, 2008scimento
et al., 2007
Nicoleasp
Pseudobranchiomma paulista N Brazil (SP) Nogueira et al., 2006
Nogueira et a] 2006
Pseudobranchiommsp. - -
Serpulasp. - -
Cirripedia
Amphibalanus amphitritéDarwin, C Cosmopolitan, Brazil (AP-RS) Rocha, 1999; Feeiap 2009
1854)
Amphibalanus eburne§old, 1841) C Cosmopolitan, Brazil (PE, RJ, SR) P Farrapeira, 2009
Amphibalanus improvisu®arwin, C Cosmopolitan, Brazil (CE-RS) Farrapeira, 2009
1854)
Amphibalanus reticulatu@Jtinoni, | Circumtropical, Brazil (PE, BA, RJ -SC) Farrazei2009
1967)
Balanus trigonugDarwin, 1854) C Cosmopolitan, Brazil (AP-RS) Appdirio, 2002; Orensanz e
al., 2002; Zullo, 1992
Fistulobalanus citerosurfHenry, N Brazil (PB-RS) Neves and Rocha, 2008
1974)
Megabalanus coccopoma | United States (East coast), Gulf of Mexico, | Apolinario, 2002; Farrapeira
(Darwin, 1854) Belgium, Northeast Pacific, Brazil (PE-RS) | et al., 2007
Megabalanus tintinnabulum HI Cosmopolitan, Brazil (PI-RS) Farrapeira, 2009

(Linnaeus, 1758)

3
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Taxa Statusl | Geographical distribution References
Striatobalanus amarylli®arwin, | Cosmopolitan, Brazil: PI, PE, BA, PR Farrape@p9
1854
Amphipoda
Jassasp. - -
Laticorophiumsp. - -
Monocorophiunsp. - -
Ascidiacea
Diplosoma listerianunfMilne- C Cosmopolitan, Brazil (BA-SC) Rocha and Krem@&02
Edwards, 1841)
Microcosmus exasperatiteller, C Circumtropical, Brazil (PE, BA, RJ-SC) Rocha axémer, 2005
1878
Molgula phytophilaMonniot 1970 N Brazil (RJ-SC) Rocha and Kremer, 200
Rocha and Moreno, 2000
Polycarpasp. - -
Styela plicata(Lesueur, 1823) | Cosmopolitan, Brazil (PE, BA;&J) Rocha and Kremer, 2005;
Farrapeira et al., 2007; Barros
et al., 2009
Symplegma rubralonniot, 1972 C United States, Caribbean, Indiagaoc Rocha and Kremer, 2005
Pacific, Brazil (RJ-SC)

! Status: | = introduced, HI = historic introductjds = native, C = cryptogenic

Table 2.Taxapresent on granite plates with frequency and gesfmccurrence.

NIS species in bold type.

Taxa Freg/t:;e €Y | Months of occurrence, Taxa Fre((g/t;)e ncy gf:gﬂf'?:n%fe
Clytia gracilis + Obeliaspp 89.7 Apr — Jan Branchiomma patriota 10 Feb
Ectopleura dumortieri 30 Aug - Sep Hydroides sanctaecrucis 30 Nov
Garveia franciscana 25 Dec- Mar Nicolea uspiana 55.1 Feb - Dec
Hydractinia carnea 62 Feb -May, Sep Pseudobranchiomap. 49.5 Feb - Dec
Pinauay crocea 10 Aug Pseudobranchiomma 10 Feb
paulista
Clavulariidae 71.6 Feb - May, Oct - Dec  Amphibalanus amphitrite 57.5 Jun - Sep
Actiniaria 53 all Amphibalanus improvisus 82.5 Apr - Jan
Aiptasia pallida 14.8 Feb, Aug, Nov Amphibalanus reticulatus 75.9 May - Jan
Biflustra denticulata 125 Feb, Apr, May, Oct Balanus trigonus 13.3 Jul - Sep
Bugula neritina 55.0 May - Aug Fistolobalanus citerosum 74.4 all
Bugula stolonifera 25.0 Jul - Aug M egabalanus coccopoma 60 May - Aug
Electra tenella 88.9 all Striatobalanus amaryllis 20 Feb
Hippoporina verrili 77.6 Feb - Jul, Sep - Jan Monocorophiunsp, 99.1 all
Laticorophiumsp,Jassasp
Synoflustra annae 21.3 Feb - May, Nov Diplosoma listerianum 16.7 Mar - Apr, Sep
Hiatella sp. 48.7 all Microcosmus exasperatus 24.7 Mar - Jun,
Sep - Dec
Musculus lateralis 52.9 Feb - Aug Molgula phytophila 53.2 Jul - Nov
Mytella charruana 71.8 all Styela plicata 31.6 Jun - Nov
Ostrea puelchana 59.8 Jan - Jul, Sep - Nov Symplegma rubra 30 Mar — May,
Sep - Oct
Perna perna 45 May - Jul, Sep Styelidae 100 Apr
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Frequentaxa (> 70% occurrence on granite mussel culture and on an old pier (ROCHA and
plates) wereHippoporina verrili, Electra tenella, KREMER, 2005).
Amphibalanus reticulatus, A. improvisus, Molgula In 2004, different substrates were sampled,
phytophila and Styelidae (Table 2). The amphipodsbut only once, at the Paranagua Yacht Club, where
Monocorophiumsp.,Laticorophiumsp. andlassasp., half the number (19) of encrusting invertebratecsse
and the hydrozoanGlytia gracilis, Obelia dichotoma was found, as compared to other studies. This deciu
and Obelia bidentatavere pooled because they couldfour introduced species: the hydrozdanfranciscana
not be distinguished in the photographs; both gsoughe polychatePolydora cornutaand the barnacleA.
were very common (99% and 90% respectively). Ofeticulatus and S. amaryllis (NEVES et al., 2007;
the introduced speciesA. reticulatus was very NEVES and ROCHA, 2008). With the exception of
frequent (75.9%) on granite plates, whil&. the polychaete, all occurred on granite plates with
franciscana H. sanctaecrucis S. plicata and M.  frequencies of 25%, 76% and 20%, respectively
coccopomawere less frequent anfl. amarylliswas (Table 2). Thus, again granite is ineffective dmmier
rare (Table 2). to colonization.
It is interesting to note that the earlier study
Discussion found no introduced species of barnacles (CORREIA
and SILVA, 1990) Amphibalanus reticulatugras first
Granite is usually ineffective as a naturalrepor,te‘j in Brazil in the northeast.(Pernambuco) and
barrier to recruitment and was colonized by most-no then in more southern states (Bahia - YOUNG, 1998;
indigenous species. Yet, in some circumstance&Ii0 de Janeiro - MAYER-PINTO and JUNQUEIRA,
granite seemed to be selective because plates wee03)- Similarly, S. amarylliswas first reported in
colonized by fewer species than available irPrazil in 1987 from northern (Piaui —~YOUNG, 1989)_
Paranagua Bay. Nonetheless, NIS colonized marf?d northeastern coasts (YOUNG, 1998). Thus, their
plates and so we should consider colonization tate °ccurrence in southern Brazil may be the result of
be low, rather than accidental. Nis colonized asfe Continuous range extension to the south. The state
one plate every month. Parana is the southern Ilm!t of the reported
Studies of the fouling community in gepgraphlcal range d$. amaryllls.NonetheIessA..
Paranagua Bay are rather recent, with the earliest reticulatushas _been found on polyethylene plates in a
1987 (CORREIA and SILVA, 1990). In that Studymuss_el farm in the more southern state of_ S{inta
acrylic plates were suspended from buoys at thrégdt@rna (L. P. KREMER, personal communication
different locations, and were either replaced mignth 2008). ) .
or left for a year. One of those study sites wathat This study detected an additional three
entrance to the bay which is a euhaline regionrtgavi Introduced species in Paranagua Bay: the hydrozoan
some ascidians and hydrozoans. The second was clédractinia carnea the serpulid Hydroides
to the yacht club and a third within the bay. Imtth Sanctaecrucis and the barnacle Megabalanus
study, 35 encrusting species were identified, oicvh €0CCOPOmMa.All occupied granite plates (62%, 30%
four were native, 28 cryptogenic and three intreduc @1d 60% of the plates, respectively) and the least
(the ascidianStyela plicataandDiplosoma singulare, common serpulid was found only on granite.
and the naturalized bivalMeerna pernd Diplosoma Hydractinia carneais known from tropical waters of
singularehas not been seen again in the bay, wile the western Atlantic Ocean (CAIRNS et al., 2003) and

plicata was found on about 30% of the granite plated/editerranean Sea (BOUILLON et al., 2004).
from June to November (though not abundant, TabMedusae were recently encountered in the statéof S

2). It is worth noting that this NIS was found org Paulo in the first record of the species in Brazil
granite (not plastic) plates, while it was alsorsea (MIGOTTO et al, 2002). Hydrozoans have been
ropes and within the holes in the bricBtyela plicata studied on rocky shores in the state of Parané&sinc
is known as a NIS in Brazil where it was first seen 1983 by one of our team (MAH) artd. cameahas
Mel Island at the mouth of Paranagua Bay in 1958€Ver been_found, not even on artificial substrates
(MOURE et al., 1954). In Brazil, it is now found from MOre oceanic waters. L _
Santa Catarina in the south to Pernambuco in the Hydroides = sanctaecrucisis a tropical
northeast, though less commonly north of Rio g&edentary fouling serpulid from the Caribbean known
Janeiro (FARRAPE|RA 2007) It was not found infrom the Dutch Antilles, French Guiana, MEXiCO,
2004 in samples taken from floats, concrete columrid@iti the Gulf of Mexico and Panama, where it also
or underneath boats (NEVES et al., 2007; NEVES ar@ecurs in the Pacific. It has also been reportethfr
ROCHA, 2008), which may be due to the timing offiawaii, and recently from Slngapo_re and Australia
those collections (April, when it does not repragluc (LEWIS et al., 2006). The species forms large
A contemporaneous study in the bay foidplicata agglomerations and can become a nuisance (LEWIS et

only on Mel Island, growing on the shells of a dmal @ 2006).
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Megabalanus coccoponia from the coasts the cryptogenic species occurred only on granite
of the tropical eastern Pacific Ocean in Central angdlates: the bivalveM. lateralis and the ascidianb.
South America and was introduced in coastal watkrs listerianumandsS. rubra also suggesting that granite,
southeastern and southern Brazil (JUNQUEIRA et alas a substrate, does not limit settlement.

2004). Now it is apparently moving northwards and While we find that natural substrates
has recently been found on ship hulls in Pernambugmobably do not limit introductions, additional $ess
(FARRAPEIRA et al., 2007). arise from this study. First, detectability of mduced

The polychatéPolydoracornuta first found species depends on the temporal scale of the sfudy.
in 2004, was not seen in this study, suggestingeeit recent review of the methods used to survey paortds a
local extinction or that competition prevented itsmarinas around the world showed that all used short
recruitment. Alternatively, because it is cryptinda time intervals, usually days (CAMPBELL et al.,
lives in bivalve shells, it may have been overlabke 2007). Even when a study was repeated at a given
this study. location, the repeat was not seasonal, but ratleer w

Of the total of 43 cryptogenic speciesafter a very long time interval, often years. Thivg
identified for Paranagua Bay to date, 16 were nagurveys per year (dry and rainy seasons) are
found in this study. Among then®. geniculata, R. recommended to avoid this problem (CAMPBELL et
horsti, S. evelinae, B. nigrum, C. oblongad P. al., 2007). We would add the additional
constellatumdo not tolerate wide variation in salinity recommendation that subtropical sites should atso b
and were mostly found on plates at the bay entransirveyed seasonally since the reproductive season i
(CORREIA and SILVA, 1990). They probably did notnot as highly synchronized as in temperate regions.
occur at the yacht club due to variable salinityMoreover, the use of the “passive sampling method”
Corophium acherusicumis a case of taxonomic (sensu CAMPBELL et al.,, 2007) also permits the
confusion, because it was found to comprise aollection of specimens on different temporal ssale
complex of species of different genera. The remaini (days, months or years) — our study found some
species either disappeared from the area, indgatirspecies only on the short term plates and othelgs on
that they were probably introduced, or were nontbu on the long term plates (Table 3). Thus a comtimnati
due to different sampling techniques. Finally, ¢hod  of temporal scales should be used.

Table 3. Comparison of registers of encrusting igsdaown from Paranagué Bay.

Substraté
Taxa Status Acrilic® | various'* Polyethylene Granite
1987-88 2004 2007-08 2007-08

Hydrozoa

Bougainvillia muscus

Clytia gracilis (= C. sp in Correia
and Silva, 1990; €.
hemisphaerican Neves et a)
2007)

Clytia linearis

Ectopleura dumortieri

Eudendrium carneum

Garveia franciscana

Hydractiniacarnea

Lafoeina almirantensiMillard and
Bouillon, 1973

Obelia bidentata

Obelia dichotoma

Obelia geniculatd.innaeus, 1758

Pennaria distichaGoldfuss, 1820
(=Halocordyle distich

Pinauay croced=Ectopleura
warreniin Correia and Silva,
1990)

Plumularia floridana

Anthozoa

Aiptasia pallida C X X

Carijoa riisei HI X* X*

Tricnidactis erransPires, 1987 C X*

X
X X X X

[eXe}
>
*
X X X % x

x
x
x
x

O 0000 O——000
x
x

O
x

Bryozoa
Alcyonidium polyounHassall, C X
1841)
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Table 3. Continuation.

Substraté

Taxa Status Acrilic® [ various* | Polyethylene | Granite
1987-88 | 2004 | 2007-08 | 2007-08

Bryozoa C X* X

Biflustra denticulatgBusk, 1856)
(=Acanthodesia tenuig Correia
and Silva, 1990)

Biflustra savartii(Audouin, 1826)
(= Acanthodesia savartin
Correia and Silva, 1990)

Bugula neritina

Bugula stolonifera

Bugula turrita(Desor, 1848)

Conopeum reticulurfLinnaeus,
1767)

Electra tenella

Hippoporina verrilli

Rimulostoma hors{{Osburn, 1927)
(= Schizoporella horsiin Correia
and Silva, 1990)

Sinoflustra annae

Schizoporella unicorni§Johnston, C X
1847)

Smittoidea evelinagMarcus, 1937)
(= Smittina evelinaén Correia
and Silva, 1990)

Bivalvia

Brachidonte<cf. rodriguezi
(d’Orbigny, 1846)

Crassostrea rhizophorae

Musculus lateralis

Musculus viato(d'Orbigny, 1846)

Mytella charruana

Ostrea puelchana

Perna perna

Sphenia antillensiBall and
Simpson, 1901

Polychaeta

Branchiomma patriota

Hydroides sanctaecrucis

Neanthe<f. succinea

Nicolea uspiana

Polydora coloniaMoore, 1907

Polydoracf. cornutaBosc, 1902

Pseudobranchiomma paulista

Cirripedia

Amphibalanus amphitrite

Amphibalanus eburneus

Amphibalanus improvisus

Amphibalanus reticulatus

Balanus trigonus

Fistulobalanus citerosum

Megabalanus coccopoma

Megabalanus tintinnabulum

Striatobalanus amaryllis

Amphipoda

Corophium acherusicurfCosta,

1851)
Ascidiacea

Botrylloides nigrum(Herdman, C X
1886)

Clavelina oblongaHerdman, 1880 C X

Didemnum speciosu(ierdman, N X
1886)

Diplosoma listerianum C X

Diplosoma singularé.afargue, | X*

1968
Microcosmus exasperatus
Molgula phytophila

[eXeXe] 0000 @]
x
x

(@]
x
x

O

X*

e]
x

I
Z_ZZZOZ
x

XXX xX

X X

X*

OZO—Z
x

Z_
<
<

X X*
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Table 3. Continuation.

Substrate?
Taxa Status' Acrilic [ various** | Polyethylene | Granite
1987-88 | 2004 | 2007-08 | 2007-08

Ascidiacea C X*

Polyclinum constellaturBavigny,

1816

Styela plicata | X* X

Symplegma rubra C X

Symplegma viridélerdman, 1886 C X

! Status: | = introduced, HI = historic introductjd = native, C = cryptogenic

2 Source of the list of species: 1987-88 (Correih @itva, 1990); 2004 (Neves et al., 2007; NevesRacha, 2008); polyethylene (present
study); granite (present study).

3 Only encrusting, tube dwellers or boring specimssidered; no associated fauna considered for casopa

4 Concrete columns, fiberglass floats, fiberglaseood boat hulls.

* species observed only on succession plates

The second lesson is that when the “passivetudy of tunicates on rocky walls (ROCHA and
sampling method” is used to detect NIS, collection&KREMER, 2005). The first found no species that are
should include a variety of substrate types. Altitou today considered to be introduced, and the otherdo
most of the NIS detected in Paranagua Bay colonizezhe tunicate on artificial substrate. Thus we dbyed
all available substratebl. sanctaecrucisindS. plicata know whether the other NIS found here are already
did not occupy polyethylene plates and would havestablished on natural substrates.

remained undetected if only this type of substhate In conclusion, Paranagua Bay (as in other
been used. The species assembly was slightly eliffer estuaries with ports) is an entrance for introduced
on each substrate analyzed and many cryptogerspecies - the number of sessile non-native

species were seen on only one. The physical andvertebrates in the area has increased in the2last
chemical properties of the substrate can indeegkars. Granite proved to be ineffective as a batde
influence recruitment (CONNELL and GLASBY, the colonization of NIS and so clearings that bezom
1999; MAUGHAN, 2001; PERKOL-FINKEL and available in natural communities on rocky shores ar
BENAYAHU, 2005) and our study suggests that thesubject to their recruitment. Subsequent biological
differences of species recruited on the differeninteractions are more important to determine the fa
substrates were probably due to the substrat# the NIS in natural communities and more research
composition. is needed to better understand these interactiohsoa
The baseline survey of the fouling propose better management programs.
community in Paranagua Bay is 20 years old

(CORREIA and SILVA, 1990) and we note that two ACKNOWLEDGEMENTS
of the species in that list were, in fact, introedcIn
this study we re-surveyed only one of the sitethef We would like to thank the staff of the

previous study, yet we found seven new introdustionparanagua Yacht Club for their kind help. We also
in Paranagua Bay. This rate, one new introductioank the taxonomists Cinthya S. G. Santos

every three years, seems low in comparison witkegho (Polychaeta), Luiz Ricardo L. de Simone (Mollusca)
of other estuaries (COHEN and CARLTON, 1998,5,4"| eandro Vieira (Bryozoa) who helped with the

HEWITT et al.,, 2004). Still, we recognize that ourigentifications. James J. Roper reviewed the English

study has limits to understand bioinvasion ingnq offered suggestions for improvement of the

Paranagua Bay as it was restricted to the sessit@fa on,script. LCC is grateful for the support provided
already established and reproducing. The true numbsy the Graduate program in Ecology and

of introduced species is probably greater and béll - conservation, and the fellowship from CAPES, LA
found when additional habitat types are evaluatetl a {anks the Graduate program in Zoology and the

further taxonomic resolution is developed. fellowship from CAPES. RMR received a research
We are also concerned that natural harg nt from CNPQ.

substrates are uncommon in the bay, yet with th

construction of piers and the port, hard substrates

rapidly becoming common. If what we know of the REFERENCES

fouling community is very little, then we know even

less of natural communities on hard substratesién t ANDERSSON, M. H.; BERGGREN, M.; WILHELMSSON,
bay. We are aware of only two studies that examined D.; OHMAN, M. C. Epibenthic colonization of conceet
natural substrates: one of intertidal hydrozoans @nd steel pilings in a cold-temperate embaymefield
(HADDAD, unpublished data) and the more recent experimentHelgol. Mar. Res, v. 63, p. 249-260, 2009.
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