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ABSTRACT

This study aimed to identify the incrusting and esedry animals associated with the hull of a
tugboat active in the ports of Pernambuco and latered to the port of Natal, Rio Grande do Norte.
Thus, areas with dense biofouling were scraped thadspecies then classified in terms of their
bioinvasive status for the Brazilian coast. Six eveative to Brazil, two were cryptogenic and 16
nonindigenous; nine of the latter were classifistestablishedMusculus lateralis, Sphenia fragilis
Balanus trigonus Biflustra savartij Botrylloides nigrum Didemnum psammatodebklerdmania
pallida, Microscosmus exasperafugnd Symplegma rubpa and three as invasiveMytilopsis
leucophaeta, Amphibalanus reticulatuand Striatobalanus amarylljs The presence ofM.
leucophaeata, Amphibalanus eburneasd A. reticulatus on the boat's hull propitiated their
introduction onto the Natal coast. The occurrent@ great number of tunicate species in Natal
reflected the port area's benthic diversity andlifated the inclusion of two bivalves Musculus
lateralis and Sphenia fragilis found in their siphons and in the interstices leem colonies or
individuals, respectively. The results show the raf biofouling on boat hulls in the introductioh o
nonindigenous species and that the port of Recifeas a source of some species.

Resumo

Este trabalho objetivou identificar os animais irstantes e sedentarios associados ao casco de um
rebocador que atuava nos Portos de Pernambucacedoio para o Porto de Natal, Rio Grande do
Norte. Areas com densa bioincrustacdo foram raspadaas espécies foram posteriormente
classificadas em relagao statusde bioinvaséo no litoral brasileiro. Dentre astesgs identificadas,
seis eram nativas do Brasil, duas criptogénica® exbticas. Destas, oito foram classificadas como
estabelecidasMusculus lateralis, Sphenia fragilis, Balanus tmgs, Biflustra savartii, Botrylloides
nigrum, Didemnum psammatodes, Herdmania pallidacrddicosmus exasperatus, Symplegma
rubra) e trés como invasoradiytilopsis leucophaeta, Amphibalanus reticulatiStriatobalanus
amaryllis). A presenca dd/l. leucophaeata, Amphibalanus eburneu8. reticulatusno casco da
embarcagao, propiciou sua introducéo na costa thd.Meocorréncia de grande nimero de espécies
de tunicados em Natal refletiu a biodiversidadeibé@ria area portuéria e facilitou a incluséo ds do
bivalves,Musculus lateralise Sphenia fragilis,encontrados em seus sifdes e nos intersticios entr
coldnias ou individuos, respectivamente. Os daditislas indicam que a incrustagdo em cascos de
embarcagdes tem um papel preponderante na intodigdespécies exoéticas, e que o Porto do
Recife atuou como fonte de algumas destas espécies.

Descriptors: Bioinvasion, Vessels hulls, Foulingneounity, Harbor area, Nonindigenous species.
Descritores: Bioinvasdo; Casco de embarcagdo, Cdadm incrustante; Area portudria, Espécie
exotica.

(*) Paper presented at the Symposium on Oceanogrdph2008, Sdo Paulo, IOUSP.



2 BRAZILIAN JOWNRL OF OCEANOGRAPHY, 58(special issue IV SBO), 2010

INTRODUCTION of this study were to identify the sessile and staly
macro-organisms found on the hull of this vessel an
ascertain the status of these species in relatidheir

Larval dispersal in marine currents is oftendistribution along the Brazilian coast.

considered an active means of dispersal for most
marine benthic species since some larvae are kbown
demonstrate specific active behavior that enhatiees MATERIAL AND METHODS
probability of their being either transported byremts
or retained in certain regions (SHANKS, 1995). In
spite of this, other factors have influenced the During the study, the Scorpius H2G tugboat
dispersal of several species all over the worldr Fowvas in service for four months in the harbor aréa o
coastal ecosystems, transportation by ships has belatal (Rio Grande do Norte, northeastern Brazil),
an important means of species introduction in mankpcated on the estuary of the Potengi River (Fig. 1)
regions (ALLEN, 1953; COHEN and CARLTON, This estuary extends for about 30 km with a widitd t
1995; HEWITT et al., 2009). ranges between 400 and 600 m. It is bordered legthr
Although transportation on slow moving cities with a total population of over 1,000,000
wooden-hulled ships is certainly the most ancieninhabitants; Natal alone discharges more than 60% o
vector (CARLTON and HODDER, 1995), the ballastits untreated sewage sludge directly into the river
water of cargo ships is presently considered thin ma(SILVA et al., 2006).
cause of transportation and release of planktonic According to the port of Natal’s tide table,
organisms. This water carries between ports orgamnis taken from the Brazilian Hydrographic and Navigation
that range from bacteria and protists to larvae dDirectory (Diretoria de Hidrografia e Navegagdo —
benthic invertebrates and fish (CARLTON, 1985;DHN), the harbor area has a semi-diurnal prevailing
CARLTON and GELLER, 1993; COUTTS et al., tide and an annual average high tide of 2.30 m at
2007; DAVID et al.,, 2007). However, with the syzygy and 1.60 m at neap tide. Nair and
regulatory policies and practices of developedsankarankutty (1988) differentiated three well ded
countries regarding the prohibition of the use operiods, in accordance with annual variations in
organotin compounds as biocides in antifouling boagalinity: the first from March to June, with lower
hull paints (CHAMP, 2000), the biofouling of ship salinity values (27 to 30 at high tide); the secfnoth
hulls and oil platforms is once again being congde July to October, with intermediate salinity (33 36)
a contributor to the introduction of nonindigenousand the third from November to February, with highe
organisms into marine environments (GOLLASCH,salinity than that of the open sea (36 to 37).
2002). The sampling of the fouled vessel (18 m in
According to Godwin (2003), ocean-goinglength) moored in the estuarine area of the port of
vessels can be thought of as biological islands fdlatal was undertaken during low tide on August 3,
species that dwell in harbors and estuaries ardlwad 2007. Details of the maintenance of the vesseh(sisc
world. Fofonoff et al. (2000) highlighted that velss how long the vessel had been moored in Natal and
provide protected recesses that can be occupied then it was last dry-docked and antifouled) were
both sessile and mobile fauna, and enclosed spacastained from the crew and confirmed by the port
that hold water in which a wide range of organismsuthority.
from plankton to fish can become entrained. The survey method was not quantitative, it was
In Brazil, several taxonomic studies haveintended simply to determine the presence or alesenc
suggested the possibility of the introduction ofdps of the species and identify them. Thus, two samgpli
transported by shipping, but few show such pathweareas were chosen after a qualitative analysihef t
marine and estuarine areas (DePAULA and CREEIentire hull based on the density of sessile orgasis
2004; FERREIRA et al.,, 2006; SILVEIRA et al.,, Both sampling sites were located in the areas
2006; FARRAPEIRA et al.,, 2007; NEVES et al,corresponding to the narrow intertidal zone (alfut
2007). cm in width and emerging above the water line) and
In the harbor area of Natal, Rio Grande dcthe low sublittoral zone (up to 50 cm below the evat
Norte state, Northeast Brazil, a tugboat nameline). They were classified as more visually
Scorpius H2G which had previously been active & threpresentative of their biodiversity and presented
ports of Recife and Suape, Pernambuco State, wdense biofouling. The macrofauna was scraped with a
transferred to Natal in May 2007. The hull wasspatula and hammer into plastic bags, duly fixeth wi
completely covered by the fouling community after ¢4% formalin, and labeled. The invertebrates were
two-year period without maintenance; thus, it ideld separated into groups in the laboratory and ideadtif
the original community of the state of Pernambuc with the aid of stereoscopic and optical microssppe
augmented by that acquired in the new port. Thesainin accordance with the relevant bibliography.
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Rio Grande do Norte

Pernambuco

Fig. 1. Sites of Scorpius H2G tugboat operationtaN&ity map, highlighting the location of Port Nfatal (5°44'50”"S and
35°12'34"W). Photo of the tugboat, below, takethat Port of Recife in 2006.

To determine numerical representation, specie“Nonindigenous Established” (NI-E) — had already
were classified according to the number of specémelibeen reproducing itself successfully for several
found (individuals and colonies): rare (1 to 10)generations in the region, yet without significant
common (11-30), and abundant (more than 30). Ttnumerical representation; and “Nonindigenous
biological material collected when the tugboat walInvasive” (NI-1) — in addition to having establishe
still active in Recife, Pernambuco, the data on Whicitself in the region, had expanded its distributioto
had been published by Farrapeira et al. (2007), w.other places and competed with or replaced other
also reviewed. species in a given ecological niche and become an

The sessile and sedentary species were alecological and/or economic nuisance. The critefia o
classified in accordance with a terminology adaptethe WWF (2009) were used to classify the species in
from Carlton (1996) and Clarke et al. (2003): “Native this last category. Thus, to be considered haranfdl
(N) — endemic for the Brazilian/ western Atlanticinvasive a species had usually to display at leastof
littoral; “Cryptogenic” (C) — widely distributed the following characteristics in its new range: (i)
throughout the oceans and preferentialhdisplaces local native species by competing diyectl
circumtropical, but of uncertain origin (i.e., taathor for food, space or light; (ii) substantially distapghe
does not indicate the geographical location where local food web, sea floor or river habitat; (iiipjeys
type specimen was originally found) and not yeprolific reproduction, recruitment, growth and sual
classified as native or introduced from any specifi due to its ‘escape’ from the natural predatorszeys
region; and “Nonindigenous” (NI) — typically from parasites or pathogens that control it in its mativ
areas outside the limits of the Brazilian littordhage range; (iv) causes nuisance fouling to boats, sship
presence in that area is explained as due to humrfishing gear, aquaculture equipment, industrialliogo
mediation, often across natural barriers and/ot vawater systems, jetty piles, etc, and (v) has naxiou
distances. The source regions of each specipathogenic effects that cause fish mortality, gisru
introduced into Northeastern Brazil were based ocaquaculture operations and/or directly threatenlipub
literature. health.

The nonindigenous species were also classified In order to apply this terminology, the data
on the basis of their bioecological behavior:obtained from the harbor area was compared to all
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available published lists of species from the narinpolychaetes of the Sabellaridae and Serpulidaét eig
and estuarine environments of Brazil and othespecies of bivalves, one species of bryozoan, seven
countries. In the case of species with widespreaspecies of barnacles, and eight ascidian specasdT
geographical distribution, the type locality and/orl, Fig. 2). The community settled in the narrow dan
original distribution was verified from its initial of the hull located in the intertidal region was
description, and fossil records were also consilererepresented mainly by the striped barnacle
when available. The data retrieved was assembted inAmphibalanus amphitrite(Darwin, 1854) and the
a combined database containing taxa, classification ivory barnacle A. eburneus(Gould, 1841) (both
bioinvasion status, comparative sampling data oflassified as rare; most specimens were dead)els w
Recife and Natal harbors, and geographicahs by the oyster£rassostrea brasiliangLamarck,
distribution. To indicate the species” northwardl an 1819) andC. rhizophoragGuilding, 1828) and some
southward limits, a generalist reference list wasdu specimens of the musselMytella charruana
indicating overall geographical distribution, whislas  (d’Orbigny, 1846). Twenty-two specimens (six adults
complemented with an actual reference to expansion.in reproduction and the rest were younger) of tigef
dark musselMytilopsis leucophaetgdConrad, 1831)
REsuLTs were found in the borderline area between the
intertidal and truly sublittoral zones (Fig. 2).
According to the crew members of theAdditiqnaIIy, some serpulid epib.ionts were found on
Scorpius H2G tugboat, the hull had not been scrapd€Se invertebrates, the encrusting bryozBdhustra
for approximately two years (which included thesavartu_(Audoum, 1826) and the crested oy<bstrea ’
period when the boat was still operating in the feci €duestris(Say, 1834), all settled on the barnacles
harbor area) and had been moored in the port ailNaShells. The scorched muss@rachidontes exustus
for three months (since May 2007). (Linnaeus, 1758) was usually found in the crevices
Twenty-six benthic species were found on thémong bamacle and oyster shells.
vessel's hull, including two species of unidentifie

Fig. 2. Fouling community on the hull of the ScopH2G tugboat in Port of Natal, Northeast of Brastiowing two delimited
zones of organisms. Ae Amphibalanus eburnepsAi = A. improvisus Be = Brachidontes exustudDp = Didemnum
psammatodedvic = Mytella charruana M| = Mytilopsis leucophaetéPS = Polychaeta Serpulidae.
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Below the water line, the charru musse exception ofMegabalanus tintinnabulupthe fouling
(Mytella charruana was fairly abundant on the hull community found in the vessel when moored in the
and numerically dominant in the primary space. ManNatal harbor area was represented by the same
compound ascidians such &otrylloides nigrum community that had been found in Recife plus an
Herdman, 1886Botryllus cf. primigenusOka, 1928, additional 16 species: an unidentified Sabellagida
and Symplegma rubrdlonniot, 1972 overgrew great polychaete, the bivalvesCrassostrea brasiliana,
part of the surrounding epifauna, including musseOstrea equestris, Musculus lateralignd Sphenia
shells and their abundant epibiont species, ttfragilis, the barnacles Balanus trigonus, and
European barnaclemphibalanus improvisu®arwin,  Striatobalanus amaryllis the bryozoan Biflustra
1854). The solitary sea squirtderdmania pallida savartii, and eight ascidians (Table 1).

(Heller, 1878) andVlicroscosmus exasperatiieller, In relation to the bioinvasion status, six native
1878 were abundant in the crevices among thelsshelspecies were identified: the bivalvéBrachidontes
in empty barnacle shells, and on the rare litera exustus, Crassostrea brasiliana, C. rhizophorae,
A. reticulatus (Utinomi, 1967) andStriatobalanus Mytella charruana,and Ostrea equestrisas well as
amaryllis (Darwin, 1854) (only one immature the ivory barnacle Amphibalanus eburneusAmong
specimen)M. exasperatuformed dense monospecific these, only Crassostrea brasilianais endemic to
stands in some areas. Empty tubes of unidentifieBrazil, while the other species occur mainly (or at
sabellid and serpulid worms were also abundanhen tleast) in the western Atlantic. There were two
hull. cryptogenic speciedmphibalanus amphitriteand A.

Another interesting fact about this sublittoralimprovisus.The remaining species were classified as
community was the association between the bivalvesonindigenous, of which three were invasive: thsefa
Musculus lateralis(Say, 1822) andSphenia fragilis dark mussel Niytilopsis leucophae)aand barnacles
(H. & A. Adams, 1854) anthe ascidians. The lateral Amphibalanus reticulatus and Striatobalanus
mussel . lateralis) was found occupying the siphons amaryllis Regarding the established species, some
of Herdmania pallidaascidians and also embedded inhave old records of introduction for the Braziliavast
the tunic of the compound ascidiBidemnumsp., the without significant numerical representation - hs t
tunic had wrapped around the mussels and formedhbivalves Musculus lateralisand Sphenia fragilisthe
cavity. The other associated specigphenia fragilis striped acorn barnacRalanus trigonusthe bryozoan
was found living primarily in the crevices amongBiflustra savartii, and the ascidiansBotrylloides
compound and solitary ascidians and also amongigrum Didemnum psammatoddderdmania pallida
barnacles and mussel shells; in this last casea# wMicroscosmus exasperatu&nd Symplegma rubra
found on the accumulated associated sediment. (Table 1).

The list reporting the species when this vessel
was active in Recife included ten species. With the

Table 1. Benthic species found in the hull of SasfH2G tugboat in the Port of Natal, Rio GrandeNtwte, Brazil, with
indication of bioinvasion status (St) (C= cryptomerNI-E= nonindigenous established; NI-I= nonirgtigus invader, N=
native), their guantities representation (R= ra&8€@= common, and A= abundant; # = specimens in deptive stage),
geographical distribution, and reports as shipb@References numbers).

Species St Recife  Natal Geographical distribution Reports on ships’ hull
2006 2007
Polychaeta
unidentified CcO -
Sabellariidae
unidentified CO A -
Serpulidae
Bivalvia
Brachidontes exustus N CcO Cco Amphi-Atlantic (Rios, 1994); Eastern(8)

Atlantic- introduced: Ireland (Minchin,
2007); Brazil: AP to RS (Rios, 1994),
RA and FN (Gomes et al., 2006)

Crassostrea N - X Western Atlantic (Lapégue et al,
brasiliana* 2002); Brazil: SP to PR (Lapégue et al.,
2002);
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Table 1. Continuation

Species St Recife Natal Geographical distribution Reports on ships’ hull
2006 2007
Crassostrea N A A Western Atlantic (Lapegue et al.,(8)
rhizophorae 2002); Eastern Atlantic- introduced:

France (Goulletquer et al., 2002);
Brazil: AP - RS (Rios, 1994)

Musculus lateralis NI-E - AH Western Atlantic (Rios, 1994); Brazil:
CE (Barreira et al., 2005); PE to SC
(Rios, 1994)
Mytella charruana N A A# Amphi-American (Rios, 1994); Brazil: (8, 15)
AP - RS (Rios, 1994)
Mytilopsis NI-1 A co# Western Atlantic (Abbott, 1974); (6, 7, 8, 12, 14)
leucophaeta Eastern Atlantic (Verween et al., 2007);

Black Sea (Therriault et al. 2004);
Brazil: PE (Souza et al., 2005)

Ostrea equestris** N - R Western Atlantic (Shilts et al., 2007);(8)
Brazil: AP to RS (Rios, 1994)
Sphenia fragilis NI-E - A# Amphi-American: Western Atlantic

(Rios, 1994); eastern Pacific: Panama
(Reimer, 1976); Brazil: PA (Beasley et
al., 2005); CE to SC (Rios, 1994)

Cirripedia
Amphibalanus C R Cco Cosmopolitan (Young, 1998); Brazil:(1, 2, 5, 8, 9, 10, 11, 16,
amphitrite AP to RS (Young, 1998) 18, 21, 22)
Amphibalanus N R R Cosmopolitan (Young, 1998); Brazil:(3, 4, 5, 8, 11, 19, 22)
eburneus PE to SC (Cangussu et al., 2007)
Amphibalanus C A A# Cosmopolitan (Young, 1998); Brazil: (3, 5, 6, 7, 8, 9, 11, 12,
improvisus CE to RS (Young, 1998) 15, 16, 18, 19, 21)
Amphibalanus NI-I R R Circuntropical (Young, 1998); Brazil- (8, 9, 10, 11, 15)
reticulatus introduced: PE (Farrapeira-Assuncéo,
1990) to SC (Cangussu et al., 2007)
Balanus trigonus NI-E - R Cosmopolitan (Young, 1998); Brazil:(2, 4, 8, 9, 11, 16, 18,
AP to RS (Young, 1998) 21)
Megabalanus R - Cosmopolitan (Young, 1998); Brazil: (5, 8, 9, 11, 16)
tintinnabulum Plto RS, and FN (Young, 1998)
Striatobalanus NI-1 - R Cosmopolitan; Southwestern Atlantic-(5, 8, 11)
amaryllis introduced: Brazil (Young, 1998);
Brazil: Pl (Young, 1989) to PR (Neves
et al., 2007)
Bryozoa
Biflustra savartii NI-E R Cosmopolitan (Winston, 1982); Brazil:(9)
BA (Kelmo et al, 2004); ES to PR
(Vieira et al., 2008)
Ascidiacea
Botrylloides nigrum  NI-E - AH Cosmopolitan (Rodrigues et al., 1998);
Brazil: PE (Lotufo, 2002) to SC
(Rodrigues, 1962)
Botrylluscf. - - A - -
primigenus
Didemnum - A# Cosmopolitan (Rodrigues et al., 1998);
psammatodes Brazil: CE (Lotufo, 2002) to SP

(Rodrigues et al., 1998)
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Table 1. Continuation

Species St Recife Natal Geographical distribution Reports on ships’ hull
2006 2007
Didemnunsp. - - A - -
Herdmania pallida EE - R# Cosmopolitan (Kott, 2002); Brazil: AL -
(Lotufo, 2002) to SP (Rodrigues et al.,
1998)
Microscosmus EE - A Cosmopolitan (Rodrigues et al., 1998)(9, 20)
exasperatus Brazil: PE (Millar, 1977) to SC (Van
Name, 1945); and FN (Millar, 1977)
Symplegma rubra EE - Cco Cosmopolitan (Monniot C., 2002);(9, 13)

Brazil: PB (Gama et al., 2006); BA to
SC (Rocha et al., 2009)

Pyuridae - R - -

Acronyms for the alphabetic names of the states: Alagoas; AP- Amapé; BA- Bahia; CE- Ceard; ES-iHEgpSanto; PA-

Para; PB- Paraiba; PE- Pernambuco; PI- Piaui; RRanR; RS- Rio Grande do Sul; SC- Santa Catarind; iasular

environments: FN- Fernando de Noronha ArchipelagbRA- Rocas Atoll.

1- Allen (1953); 2- Bishop, 1947; 3- Bishop, 19%t;Cardigos et al., 2006; 5- Darwin, 1854; 6- Dauwid et al., 2008a; 7-
Davidson et al., 2008b; 8- Farrapeira et al., 2@Ferreira et al., 2006; 10- Godwin, 2003; 11{i&eh, 2002; 12- Gollasch
and Nehring, 2006; 13- Goodbody, 1993; 14- Nehr2@f)6; 15- Neves et al., 2007; 16- Otani et alQ72A7- Rocha et al.,
2009; 18- Skerman, 1960; 19- Streftaris et al. 52@0- Zibrowius, 2002; 21- Zvyagintsev, 2000; Z2yagintsev, 2003.

* References reanalyzed after the biochemical DNWs of the BraziliarCrassostreapecies done by Lapéegue et al. (2002)

** used the generic name reassigned accordingsSéilal. (2007), but considering it yet a distigpecies, not synonymized
with Ostrea stentinaPayradeau, 1826, and not includidgaupouriaDinamani & Beu, 1981.

Discussion (YOUNG, 1989) and is also found from Pernambuco
to Santa Catarina states (FARRAPEIRA, 2008).
Since the identification of the oyster
The sessile community found on theCrassostrea brasilianis still controversial even after
Scorpius H2G tugboat when it was moored in thallozyme studies (IGNACIO et al2000; LAPEGUE
Natal harbor area was represented by the samg@ al., 2002: VARELA et al., 2007), taxonomic
community found on the vessel in Recife in additon classification has followed Lapégue et al. (2002),
other fouling species that might be present in thgonfirming the morphological identification when
region and were probably recruited on the hullehéir - compared to specimens from the state of Paran&, Thu
should be highlighted that the following five speci  the distribution of C. brasiliana after genetic
had extended their geographical range northward {@assignment was enlarged, now extending from the
Rio Grande do Norte statéytilopsis leucophaeta, state of Sdo Paulo to Rio Grande do Norte.
Amphibalanus eburneud\. reticulatus, Botrylloides The presence of the false dark mussel
nigrum andMicroscosmus exasperatua| previously  Mytilopsis leucophaetancluding breeding and young
recorded in Pernambuco State (ROCHA & KREMERgpecimens, in Natal is noteworthy. This species is
2005; SOUZA et al., 2005; FARRAPEIRA, 2008). native to the Gulf of Mexico, but is actually
Formerly, Symplegma rubra record was for the state widespread on both sides of the Atlantic Ocean and
of Paraiba (GAMA et al., 2006jerdmania pallids  Mediterranean. Records of it cover the coast from
for Alagoas state (LOTUFO, 2002), ariflustra New York (CASTAGNA and CHANLEY, 1973) to
savartiis for Pernambuco state (FARRAPEIRA et al.the Gulf of Mexico (MARELLI and GRAY, 1983),
2009b). FindingMusculus lateralis and Striatobalanus from the North and Baltic Seas (GOLLASCH and
amaryllis in the state of Rio Grande do Norte WasNEHRING, 2006) to France (VERWEEN et al. 2005)
expected and closed a geographical hiatus in thedihd include the Mediterranean coast of Spain (ESCOT
distribution. On the Brazilian littoraM. lateralishas et al., 2003) and Ukraine (Therriault et al., 2004)
been recorded in Ceara State (BARREIRA et alwas introduced in 2004 in the estuarine area offReci
2005) and from Pernambuco to Santa Catarina Statgfid the most plausible hypothesis for their ocauree
(RIOS, 1994).S. amaryllis was first reported in and regional dispersion suggests accidental
Brazilian waters on the coast of the state of Piauftroduction through ballast water and/or vessel hu



8 BRAZILIAN JOWNRL OF OCEANOGRAPHY, 58(special issue IV SBO), 2010

fouling (SOUZA et al, 2005, FARRAPEIRA, 2006). environment, the more likely it is that a specieswdd
Farrapeira et al. (2007) then found it on 12 vessgel become established in the latter (WIJSMAN &
the harbor area of the city, including the vesagtrl SMAAL, 2006). The bioecological behavior of
examined in Natal for this study. This pathway ofMytilopsis leucophaetafor example, is considered
introduction, through settlement on vessel hullasw eurybiotic, mainly brackish (NEHRING, 2006) and
thought by Gollasch and Nehring (2006) and Nehrindighly euryhaline; it normally occurs in waters ttha
(2006), both in the North Sea, and observed byange from fresh to those whose salinity exceeds 20
Davidson et al. (2008a), who followed the foulingwhile its temperature tolerance varies from 5 t8C30
community settled on two vessels before and afteéor adults and from 10 to 30°C for larvae (VERWEEN
being towed from the Pacific (California) to theet al, 2007). In Recife's mesohaline Pina Basin it is
Atlantic Ocean (Texas). Its appearance in Rio Grandaubmitted to salinities that range from 10 to 3fw(l

do Norte State may be seen as a secondaand high tide, respectively) (SOUZA et al., 2005).

introduction on the Brazilian littoral, mediated by According to data given in the literaturisl.
human-associated transport mechanism, in accordaneeicophaeta may be classified as nonindigenous
with the concept of Minchin et al. (2009). invasive in several locations, mainly in the

There are two important stages which togetheNortheastern Atlantic, where it has become a ssriou
constitute the introduction of a nonindigenous gmec biofouling organism having an economic impact ia th
specimen arrival and establishment. Arrival islefi  water-cooling systems of water-dependent industries
as the process by which individuals are transporteas reported by Verween et al. (2007) in Antwerp,
from a source using a dispersal pathway to ®8elgium, where it had caused major problems, and
destination where they are introduced and attempt Laine et al. (2006) in the Gulf of Finland, Balties&s
establish themselves. The establishment ofhe densest assemblages recorded by these latter
maintenance of viable populations is defined by thauthors covered stones and boulders up to 100%, at
presence of successfully reproducing individualdo 3 m depth, with population densities up to 28,00
within the species' ecological range, a fact thairily  individuals/m2. The species” ecological and ecogomi
possible if production and survival of propagulss iincidence is comparable to that of another dreidsen
first assured (CARLTON, 1996; VERMEIJ, 1996;the zebra musseDreissena polymorpha(Pallas,
REISE et al., 2006). The finding of breeding adofts 1771), although the problems caused .
Mytilopsis leucophaetand juvenile specimens settledleucophaetaseem less severe (ESCOT et al., 2003).
on the hull investigated indicates that this spetiad Regarding the fact that it is much more tolerant to
spawned and colonized the harbor area of Natas, thuchlorination thanD. polymorpha Verween et al.
in accordance with Cohen’s revised concept (2004), (2006) believed thall. leucophaetehas the ability to
has established a naturally reproducing populafion. become a major fouling problem once established.
fact, it would only be necessary for the tugbodiave In Brazil the species has been found, since
been in the harbor area once at a moment when tB804, only in Recife (SOUZA et al., 2005,
adults present on the hull had been in the reptoduc FARRAPEIRA et al., 2009a) and Freitas et al. (2009)
stage to introduce this species in Natal. Apte let aconcluded that it is well established in the eshear
(2000) recorded a spawning of Mytilus area of Recife, being numerically dominant on hard
galloprovincialisin Pearl Harbor, Hawaii, on the hull substrata and forming dense zones in the middle
of a naval vessel two hours after arrival and ssggge intertidal region, where it competes for space lith
this had led to a local settlement. native charru muss#ytella charruana.

In this sense, comparisons with a species’ Comparing the data of this environment, as
performance in its native region and in other recip recorded by Farrapeira-Assuncdo (1991), it may be
regions are particularly elucidating (GROSHOLZ andseen that nowadayd. leucophaetaccupies the space
RUIZ, 1996). Whether or not introduced species capreviously used by the native mussel, practically
establish themselves and proliferate in their newimiting the distribution of this latter to subdittal
environment depends on a variety of factors — ntyt 0 muddy bottoms (FREITAS et al., 2009). Souza et al.
suitable physical-chemical conditions such a%2009) held open interviews with experienced mussel
temperature, salinity, light and oxygen, but alsaatherers of this estuarine area, and nearly 65% of
biological interactions with the members of thewhom believed that the introduction of this species
recipient community (VERMEIJ, 1991). The locally known as the “white mussel’, had been
likelihood of an introduced organism becomingdetrimental to their interests, because of its latk
established in the new environment depend both ceconomic value and also because its presence dad le
the characteristics of the species (its intrinsi¢co a decrease in the population of the charru nhusse
properties) and the environment (the circumstance8esides, they also had difficulty in processing the
into which it is introduced. The greater the simiila  material collected, because it took them a long tim
that exists between the native and the neweparate the two species. Having said which atidein
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light of the fact that the ecological conditionstb® only means of dispersion from there to the western
estuarine area of Natal are favorable to thétlantic Ocean is shipping.
proliferation ofM. leucophaetawhich can become a Among the remaining species found on the
dominant species in the intertidal community, atugboat were another eleven customarily dispersed b
happened in Recife, the establishment of this speciship hulls: the bivalves Brachidontes exustus,
in this new area should be monitored. Crassostrea rhizophoraeand Ostrea equestris
The occurrence of eight ascidian species wa~FARRAPEIRA et al., 2007), the bryozodiflustra
the most striking change in the fouling communtty i savartii, and the barnacles, as shown in Table 1. This
the findings for the harbor area of Recife (Farmapet last group aggressively occupies a great variety of
al., 2007) are compared to what was recorded ialNat marine substrata and is frequent among the fouling
Additionally, with the exception ofDidemnum communities of ship hulls (remote dispersion);antf
psammatodesecorded for Rio Grande do Norte statethey are the most common encrusting organisms in
(LOTUFO, 2002), the remaining species are nevharbors throughout the world (FOSTER and
occurrences for the Brazilian coast in the northwardVILLAN, 1979; FARRAPEIRA et al., 2007).
direction. When added to their pattern of space Among the barnacles, two deserve to be
occupation, this fact suggests that all of thesigs highlighted: the nonindigenous specisphibalanus
have been established there for a long time. Thesticulatusand Striatobalanus amaryllisinvasive for
extensive overgrowth of compound ascidians ovethe Brazilian coast, as pointed out by Farrapeit@§2
fouling organisms is a common fact observed in mang009). Both species have been expanding their
harbor areas worldwide. Ascidians are often strondistribution since they were first recorded. Botvé,
spatial competitors and exhibit dominant growththus far, been recorded from the northeastern alast
patterns in both their native and introduced rangthe way down to the southern states. The occurrehce
(OREN and BENAYAHU, 1998; CASTILLA et al., A. reticulatusin Rio Grande do Norte state enlarges
2005, ROCHA et al., 2009). When introduced into @heir northward distribution, which reinforces the
new environment, nonindigenous ascidians rapidlynitial supposition that its introduction and disgien
colonize artificial substrates in harbors suchiisgs, are dependent on shipping movements.
floating marina docks, boat hulls and buoys. Then Amphibalanus reticulatugas well asBalanus
once they become established in a new location thégigonug is dominant on artificial substrates in areas
may persist and become dominant members of the nemith various degrees of eutrophication in llha Gan
community (LAMBERT and LAMBERT, 2003). Bay, Rio de Janeiro (MAYER-PINTO and
Many ascidians have experienced recent rangdJNQUEIRA, 2003), an area where the cryptogenic
expansions due to human mediated transportatioastablished striped barnaclé. amphitrite was
such as unintentional transport on the hulls oflominant some decades ago (SILVA-BRUM and
recreational and commercial ships (MONNIOT andMARTINS, 1997). The same fact occurred in
MONNIOT, 1994; LAMBERT and LAMBERT, 2003; Paranagua Bay, Parana, as observed by Neves et al.
WASSON et al., 2001). Another means of ascidiang2007), where at the present tinde,reticulatusis the
transportation and distribution, though in lessenumerically dominant barnacle on the artificial
proportion, is that via introduced oysters, mussgld substrata, rather thak. amphitrite.On the basis of a
seaweeds that carry settled individuals or colonies comparison with the analysis carried out by Young
their surfaces (LAMBERT, 2005). (1994) on Brazilian barnacle fauna, in which the
Among the species found in Natal, only threepresence of the nonindigenous species is not redprd
had been considered traveling species that disppgrse it seems thatA. reticulatushas become numerically
ship transportation and are also common on thdominant wherever it has been introduced in Brazilia
harbor's substrata and in nearby areas, partiguterl states, occupying the ecological nichédoimphitrite
pier piles: Botrylloides nigrum (WHOI, 1952; This is a somewhat similar process of ecological
ROCHA et al., 2009),Microscosmus exasperatus impact, in the inverse direction, to that noted by
(MONNIOT and MONNIOT, 1994; LAMBERT and Iwasaki (2006) wherA. amphitrite was introduced
LAMBERT, 1998; LAMBERT, 2001; ZIBROWIUS, into Japan; its predominance on the estuarine hard
2002; GODWIN et al., 2004; ROCHA and COSTA, substrata is suggested to have drastically deatahse
2005; FERREIRA et al., 2006) ar8/mplegma rubra density of the native (to Japan) barnakleeticulatus
(GOODBODY, 1993; LAMBERT, 2001; FERREIRA Striatobalanus amaryllibad the same effect in
et al., 2006). Another species deserving ofhe marine environment on the Brazilian littoral, in
consideration isBotryllus cf. primigenus, currently relation to the previously dominant giant barnacle
undergoing taxonomic reassessment. The species wdgegabalanus  tintinnabulum The  barnacles’
first described for Japan (OKA, 1928) and all latecommunity that occurs on the sandstone reefs of
references still indicate that it is endemic to théo- Pernambuco State, as recorded by Farrapeira (2009),
Pacific Ocean. If its species identity is confirméue  differs from that which was presented by Young
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(1994) of a sampling carried out in this regiorthie  author cited also states that mussels rarely attach
1980's. The comparison of these data shows $hat ships unless they are moored for long periods.ch fa
amaryllis is presently sharing the biotope of thealso noted by Farrapeira et al. (2007) for the dwarb
borderline region between the intertidal and therea of Recife. The area where the tugboat is active
sublittoral fringe, near the surf zone, with theand the lower speeds it customarily uses on the
cryptogenic established specMstintinnabulum Potengi River estuary in towing cargo ships may make

Emphasis should be given to the fact that botlthis settling pattern possible and appears to pehai
nonindigenous  species A( reticulatus and accommodation of a greater biomass of fouling hiota
Striatobalanus amaryllls classified as invasive, Additionally, Southgate and Myers (1985) have noted
belong to the fouling community, and in the light o that slow vessels may have periods of permanerate an
their record of association with ships” hulls lead immersion, which leads to the establishment of
economic losses to human society. According textensive fouling communities. Furthermore, their
WHOI (1952), the fouling of ships results in arelatively slow passage or inactivity and long port
reduction in their speed, thus leading to incredsed tenancies give fouling communities much longer to
costs, and losses in time and money in the apjadicat settle (MINCHIN and GOLLASCH, 2003; HEWITT
of the necessary remedial measures. The immediageal., 2009).

effect is an increase in the resistance to the mene¢ Parallels can be found between the dense
of the hull through the water, a phenomenon knos/n aaggregations of the mussdytella charruanaon the
frictional resistance. hull's sublittoral surface and its distribution teats in

An interesting fact is thaMusculus lateralis the natural environment. It is an euryhaline specie
had not previously been mentioned as associatéd withat occurs in shallow lagoons and in bay mud /flats
vessel hulls, even though the congeneric spddies where its populations can reach very high densities
discors (Linnaeus, 1767) and/. niger (J.E. Gray, (LEONEL and SILVA, 1988) due to its gregarious
1824) use this vector (GOLLASCH, 2002).behavior. Moreover, Farrapeira et al. (2007) fotms
Furthermore, M. lateralis also uses another species on 14 vessels in the port of Recife, inolgidi
transportation pathway — as a commensal species thie Scorpius H2G.
the turtle Caretta caretta- under and among the The data given in this study indicate clearly
encrusting organisms, as well as the bivaBghenia how efficient vector fouling of ships™ hulls is in
fragilis (FRAZIER et al., 1985). In this study, the propitiating the introduction of species, as ocedrin
presence of ascidians on the vessel’s hull perthitite  the cases oMMytilopsis leucophaeta, Amphibalanus
arrival of these sedentary bivalves, as they weoed eburneusandA. reticulatus This suggests that many
mainly in the ascidians' siphonbl(lateralis and/or benthic organisms may be transported easily and
frequently occurred in the crevices between colnie¢rapidly either from other localities or along theng
or individuals §. fragilig. In the Lambert (2005) and highly diverse Brazilian coastline (FERREIRA et
review of ascidian ecology and natural historysit i al., 2006), which creates opportunities for new
mentioned that these associations are very commcinvasions due to the spreading (transfer) of ogani
Musculus lateralisusually attaches itself to shallow originating in very restricted populations. Wasin
water hard substrates by the byssus, but actsiasta al. (2001) and Davidson et al. (2008a) also noked t
building bivalve settling in a commensal relatioipsh importance of intraregional transport and that eten
on compound or solitary ascidians (BERTRAND,coastwise movement of vessels that have undergone
1971; GARCIA-CUBAS, 1981; RUPPERT and FOX,long lay-ups and navigate over relatively short
1988). As forSphenia fragilis a crevicolous species distances could play this role, even between adface
sporadically common on hard surfaces, it usuallgdi bays.
nestling in the confined spaces between other As species introductions are irreversible, the
organisms such as tunicates and mussels, or may foextension of their distribution area and increase i
dense mats on hard surfaces (RUPPERT and FOXbundance is an ongoing process (NEHRING, 2006).
1988). In these cases it could prove that som@nce the fouled vessel is re-immersed in a wateitvay
introduced species can facilitate subsequent iomasi is likely that the species will continue to spredadng
if mutualistic and commensal relationships ardhe coast if the biota thus transported becomes
considered (SIMBERLOFF and VON HOLLE, 1999; established (MINCHIN and GOLLASCH, 2003).
WILLIAMS and GROSHOLZ, 2008). Thus, it is deplorable that the hull of the tugbbat

Another fact that deserves to be highlightechot been cleaned before it was loaned to the gort o
refers to the two well defined communities observedatal and thus propitiated the introduction of thise
on the vessel. WHOI (1952) recorded that ships amark musselM. leucophaetathere. As Rylov and
usually fouled at the water line by Balanus Crooks (2009) stated, it is better to try to prevant
community, in which algae predominate, and this wamvasion rather than try to manage it after thenevie
also observed in the tugboat analyzed here. Yet thig also worrisome that the Scorpius H2G may retarn
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the port of Recife without any prior preventive CARLTON, J. T.; HODDER, J. Biogeography and dispers

cleaning of the hull.
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